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STOPING METHODS AND COSTS® -

By Coas T Jacmdon ¢ axp B, D Garonex ®

 INTRODUCTTON

This bulletin ix one of a series of Burean of Mines reporte dealing
with mining methods, practices, and costz. A study of this subject
was unr]ertsﬁien by the E’iurﬂm in cooperation with a large number of
mining companies in 1928,  This st v coutinued for 5 years, during
which engineer2 of the Mining Division of the Barean vigited most
of the larger mines updd many smaller ones in the Taited States, as
well as several mines in Carsla, and Mexico.

Ag g vesult of this study, 74 Teports denling with mu:'l.urgrmmd

mining methods and costs at dlﬂ srent, mings wers published 25 infor-
mation cireulars,  Cireulars alse were issned on 8 open-1it mines and
2 gold-dredging operations. . These drculnis weve written by the
mAanagers, supexlnlandmta and enginecs m charge of the opera-
tions, in sone instances in collaboration with Tﬁn‘elm enrineers,
’111»:2*,r were prepared aceording to a standard ontline dvawn up hir the
Burean o ehtain uniformily in textual trestment and i in the wrrange-
ment end basls of setting up eost and operating data.
_ In addition to the eireulars on indivicdual mines, sumomary eiren-
lavs were prepared by Burean engineers dealing with each of the
principal undergronnd mining methods These were based upon
the eirenlsrs deserlbing individual mines, npon extenzive field studics
by the authors, and npon data obtained from wriicles in the Lechmml
preas and in the trangactions of technical societies,

Other cireubars and tulleting denlt with 2peaial mmm;_r protlems
and different ]Jhases of underground pragtice™

ITWoark m 'I‘.‘llllm'l.'!{!ript complaetod April 1HEE,

F Principul roining «nginect, [1.5, Buareun of Minca.

7 Eupervielng en nwsr uuthupnl, Taxperimenc Bretion, TLA, Tieean ol dlnes.

* Taekpna, Clna. '\itnu Lipe in Open Btopee, Cenrral and Eaetern Tloliol ‘alulpa
Inf. Clre. G18.E, Elllrcu.ll of nlilea, 1938 {Teylsed Apol TOS1). &0 P

dncheon, Tiag F., SNrinlmee Algpivg ¢ Lnf Clre, L3023, Thycagu or Mines, 1030, 63 pp

(gardneyr, 16 Yo, 'Llnlii!'rcu_t Tloel-eavTo ]'rlet].mrl af hﬂll]na in ¥Wealorn i‘r&-pj_'lt" Blines o
inf. Clre. G200, Burmur Gf Miner, 19340, 4

Tucbeun, Chna In, M ning l,g. £ o ﬁlioiua J'rlet].mﬂ. ‘|‘.lttl Qo Moles on Hublevel
Caring . inf. Clre. G414, Ti#bE,

Julmson, O, ., mad {,araner,]]j_h I, Cwi-and-fil E{tnping I1:||' e, r'm'?R I-}umau of
Mlura, 1THER, %3 pp
1H§‘glr_rﬂ1ter, e T . #tdl Vanderburg, Woe. 0., £oqnave-set Byralem of Mlning ]'nl' O GO,

il -

Fllarkaon, Chns, P, Rome WNotoe oo U:liicl‘gmunﬂ Tllmsuultntwn Inf, i‘m' RRLEVIES
Burvwll ol kines, 18303 {re'rIBLbﬁ Fuoe 1881 4

Jaokaon, Clmg, [, &ng Knaebel Zl'uilu i, U.u(lmgmum‘l Clhute iI:Ltub inn Melal Minea:
Inf, Clre, G190, Bulenn of Mines, 1 JJ E]i-'

Onrdoer, i Dh, wud Jobmenn, F nuftepinking Déacrlees and Cusls ]ilﬂl 347,
Burewy of Mines, 1382 110 .

MeElear, . B, Voutiipllon of the Lurge Cepper MUws of Arlzona @ Bull. thit,. Hur EJUJ
of Minga, 1135H), J. ﬁ?

Meltiray, O, . Bns Venllbtion In the Coodr &4 lene Dlntricf Z{nf Cire, G35, 1i|.11|3.'n.u
ol }Iiu»as.. :[*'Idl. .h po.
'l."‘lL Gﬁlﬂll ;LEII?:{ ]Eau.ut[ul TFpators Enfluenclopr Sulsideuse and ‘raund Muwm#nt IUf.

.

unehel, Jotin T3, iugliu%anml Explorulivu by Meaws gf Hammor I.'-lrIle Ind, '-"irt.
Gafd, Burtau ul I'.l[nEB- i



2 BTOTPING METHODE AWND COETE

OBTECT AND BCOPE OF BULLETIN

This hulletin deals with stoping methods and coats and summarizes
the data in earlier publications and those olbtained during mvestiga-
tions in the field that apply partienlarly to stoping. The object ia
to disenss angd analyze fhe several methods of stoping, with the
principal variations of ewch, the conditions under which each is
applienble, the faclors that should be considored in the selection of
w stoping method under different scts of conditions, the inhevente
sdvantages and disadvanisges of each method, and stoping costs in
dollars and in units of labor, materials, and mechanical power.

It iz realized that stoping operations are affected by and in tun
affect valated underground operations, such as exploration, develop-
ment, tramming, and drainage, and even milling operations, aml
thad these varlons operofions rost be coordinated to obialu mwaxneane
efficiency in the mining of ore. It is, therefore, impossible to discuss
stoping comprehensively witheut considering related operations.
However, stoping will divoreed from other phases of mining,
mmsofar a2 it 15 pessible to do s, in order to compare the different
stoping methods more clearly as to provedure and details of practies,
applicability to differsit conditions, inherant advantapges and Je-
advantages, and relative afficiency.

In stndying different stoping methods and their variations it
should he remembered that physical eonditions and characteristics
of an ore deposit which cannot be altared by the operator delermine
the gtoping metheds to be employed and that in coraparing methods
at different. miney these characteristics also must he cotnpaved fo
veach corvect eonelusions. The discussions in this paper will ba
presented with the idea of linking the operating conditions imposed
by nature to the practices emploved to cope with these conditions.

DEFINITIONS AND CLASSIFICATION OF STOPING METHODS
DEFINITIONS '

A glope iz defined as follows:®
1. An erxravatinn fooo which the are hias becen exbepeted, either obove o

hetove & lovel, i a scvies of stops,. *= * % Tlsoally opplicd Go bighly isclined |

Weishi, Chavles WU, Maopgemenl of Tabor in Boeoesain] dfetnl-mine Operalione:
Inf, Clea 030, Buresn of Minea, 1922, &3 p.

Vaosdlerbnes, Willlam O, Imolaed Groverning Che Belectlon of the Meoper Iavel Inleernl
in Tadergeoynd bines : Iof, Cire. G613, Bureay of dines, 1032 17 .

daekgun, Chyd, T, gl Keehel, Joly W, Sumpiibg, and JOeLbog lon of Ove Dopesiis ;
Bull, BRa, ‘Burean of Mines, 1082, 155 pqi

Frekzah, Choy, F., Home Notee oy Methods ga] Cofly of Equippiog and Levoleping
Lroapecer : Int, Olee. OE%3, Bamean of allnes, 1985, 24 pp. )

wart, Jola Ik, The Coul of Tleveloping tu the Cperiliag Sluge pod qulippllllg PR3 TR

oF Muedintn-rited Mine ib 1be ‘Ivi-Flate Lead gon ¥ine THzledelr Inf. Cipe Bhdd, Bureau
of Mines, 1932, 13 pip. . - N .

Kewal, A, J. oud Tueksen, Chod, 3, Melhed angd Oeal; ool Bzplaring, Eqnlmeg forr
Development, and Developiog the Certrel Futriely Grooup of Clalmy, Nortbern Ooturis:
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or vertienl veinz, Freguenily used Ineorreelly as nosynonym of rooit, which
iz 2 wide working nloee in n Aat mine

2. To greawale ore in 4 wein by driviog borizoniadly opon it o series of
workings, ome immedlately over the other or viec versn, Tach horlsowmtal
working 5 colled 0 stope (probaldy 2 eorruption of stepd, besande when a
mmber of them are In progeess, each working fsce being 3 Httle in advance
of the next ahove or helow, the whole (ace under wttack asdumes the shape
ol a flight af slaivs,

Stoping iz, then, the aet of exeavating ore, either ahove or below
m level, in a series of steps. In revent yesrs the ferm has acquired
g somewhat broader meatdng, as it Is employed to cover the re-
moval ef orc not only by a series of horizontal workings but by
vertical or inclined worldngs as well.

In thiz paper the term “sioping ™ is employed in ite broadest
genze to mean the act of excavaling ore by meens of a series of
horizontal, vertienl, or inelined workings in veinz or laege, irregilar
bodies of ore, ov by rooms in flat deposits. It covers the brewking
und removal of the ore from underground openings, except those
driven for exploration and development, The removal of ore from
drifts, crosscuts, shaffs, winges, and ruises, which are exzcavated
to explore and develop an ore deposit, is ncidental to the main
mrpose for which stopes are driven and is net a stoping operation
in the senze hera employed. Exploratory avd development open-
ings are driven to prepare a mine for extraction of the ore by
stoping, oo

re deposits vary greatly as to their physical characteristics and
the economic problems involved im their exploitation. Vasious
methods of stoping have been devised for extracting the orve safely
and ceonomicelly from depesits of different types, and n nomen-
clature has been developed for wse in referting to the different
methods.  Some of the terms adopted are deseriptive and reguire
oo inberpretation, while others, particularly those applied to veria-
tions of the principel methods, are net.

GLABRIFICATION

Numerons clessifications of sioping methods have been proposed
to clarily the nomenclatics gnd to show the fundamental diferences
gnd relationships among the different methods, These have been
made upon numersus bases and have heen sst up in tabwlar or
chart form. Bome have been simple, ‘while others have ineluded
all variations of the prineipal methods, One of the latter type in-
eludes 175 different meihods and, lile other elaborate classifications,
was devised prineipally for insitruction in the elassroom. The
writers, in eomon with many others, prefer a simple classilieation
of the principal, fundamentally different methods and eansider the
other methods merely variations of these.

In 1923 the mining methods commitice of the American Instiluta
of Miving and Metallurylen] Yngineers adopted a clasification,
after cmreful conziderafion apd disenssion of the sobject.” This
claszifiention was based upon the direction of stoping and the method
of support and included u mamber of the principal variations,

TMintng Metheda Committes, American Inatitute of Miofng apd Metellurgical Enstneets,
t.‘.lafg:hm:nmn of ATIniogy Wethods | Troos, Am, Inet. Mio, zorl Met. Dng; wol, 7%, 1095,
. 10,
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Other classifieations have been. based upon the nethod of support,
direction of worldng, sequence o operations, or methods of Landling
the brolken ore, - " - _

In 1948 the Bureau of Mines adopted a prelimmary classilication
which was made o pact of the eutling for papers on mining methods
atl eosts mentioned in the introduction, To the fosl awealysis, the
mgthed of stoping that ean bo wsed for mining » given deposil de-
Eends upon-those characterietics that determine the area or span of

ack and walls which will he self-supporting. dering the removal
of the ore; the naturs, size, and interval hetwesn supports required
to maintain the back and walls of the excavations) and the require-
ments for permanently supporting the overlying and surrounding
roclts and.sirface 1o provent movement and subsidence, This 1s e
regardless of whether the deposit is lurge or smull, regular or irreg-
plar in ontline, fat, inclined, vertieal, low grade, or high grade.
Thise - frucltors wre-recognized us having an important bearing npan
the details and . varigtions: of the principal methiod emploved, but

the fundumental factor and the ome which mmst invariably be con-

eidered. is that of support of the stopes. I thervefore scems logical
to bage a classifieation of stoping methods npen the method of sup-
port. of the back and walls of the stopes while the are is being
axtracted. .. : :

The clasgification adopted by the Burean in 1928 does not take into
consideration the divection of sloping, such ax © underhand *, * over-
hand ™, # horizental *, or * rill ¥ stoping; the sequence of worling, as
by % aévancf_ng_ ® or Fretreating 3 or the metheds of handling ore,
23 by ® branch raises ¥ ete,  IIpwever, these considerations are Tecoz-
nized az important in distingnishing hetween variations of the prin-
cipal methods. The Bureau classification, with minor changes,
follows: T

: Chapelioation of staping niethods

A, Btopes natmeolly eupported.
1, Open stoping.
() Open zlanes o mnall:ove Badles,
{0} Enblevel stoping,
2. Dpen. stopos with plllar supporcs,
o te) Oueusd plllovg. o oL
. (B) Roow {or stope) aml pillar {regulil GrTangement).
H. 8topez artiftelelly suphorted,
: 3. Shrinkage stopihe,
)] With piliere.
{H) Withont pilinre:
{eh With subesqment waste Alling,
4, Cut-und-Hll atopfng, ;
. Stulled skeped in Dorfonr veins.
. G. Bquiare-set sbordnge, :
O, Caved stopes. . ., -
7. Cuving (aore broken by induaccd caving). : )
{n) Bloek vaving; inelading cavieg to main levelz and caving ta
chuates or-heanchedd raises,
. [0} Bublavel cavityg -
B Top sHoeing {mining uoder noaat which, towether with caved NI,
Loltows the minfng.dewoward 1o syecessive stuges).
I+ Combinatone of suppocted and coved stopes. {4s shrinkage sfoplug with
mllar eaving, oul-gud-111 stoping with top slicing of pillars, ere)

A similur classification, also based on the method of support but
arvanged differently, was adopted by the Demographical Division of
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the Tireau in 1830 for nse in obtaining accident statisties in metal

mines, This classifieation s shown below,
Mechod of sappmv,
Muethpr of wecleepronnd oinduy —
Tmswriay Fromonunk
et stpe Andudier raom-snd-pllar wal =0b- Fillars. Flllar=.
. ol plipning. AQUATEERLE, LLIELE,
Sarinkaga, Ay st o HlHEr, oo peronet, ARk,
Cl-nod.L. einlla,
Hqusra-aet, ‘| &tulls rod? Millnp.
TEGTE Ll Flliop, only.
Bathilere] cnving.
Tope sUrdng.

" In reporting aceident statistics the mining companies were re-
guested to cheel the mining methods employed, the method of tem-
porary support, and the method of permnanent support,

A, 10103 SUEIMITED NATURALLY ] GPEN STOI'ES
Stopes naturally supported arve thuse in which ne regular artificlal

method of support 1z employed, alibouglh oceasional props or eribw
may be used bo hold loeal patches of insecure ground, The walls und

pen stope T

ZECTION
Tt 1 —0pen groplog withoul pillara in amall are Tedy.

rool are galf-supporting, wnd open stopes can be used only where the
ora and wall roc{-lts are Lrm. The simplest open stopes are those in
which the entirs ore body is remared from wall to wall withont Jesv-
ing any pillavs. (Seo fig, 1) The stoping of ore in this mammer is
confined to relatively smull ore bodics, sines repardlaea of the firmness
of the ground there is a limit to the length of unsupported span which
will stand without breaking,
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In sublevel stoping the are s cxeavated in open stopes, tobrcating
from one end of the stope toward the other, ‘lSEE fig. 23 The ore
body s developed first by a series of sublevel drifts above the main
Laulwge level, ” These sublevels usnally ave 20 to 25 leet sport vorti-
eally but in some inslances ate 40 or 50 feet apart. They are con-
nected by a starting: reize af one end of the stope and by & manway
raise for cobrunce fo the sublevels and stope fﬁm ut the other end.
Chnte raises connect the hanlage level to the lowest sublevel, at which
the tops of the ehute rafses are belled out to form millioles, Begin-
ning at the starting raise the ore i benched down from the sublevels;
the hroken ore Tulls into the millholes, whenee 16 @s druwn off throvel,
the chutes. The stope face is kept nearly vertical as it iz henched
backward towurd the manway raise. In the commenest variation of

the method the bench below each syblevel iz farther baclk from. the'

starting end of the sto)me than the heneh ahove, so thai the stope face
has the appearanes of @ sfeep inverted atalrway. In other variations
the stope face may ovoerhang at w fistter anple, may be corried verti-
cally, or (in softer ground) mey slops slightly eulwaed toward the
bottern.  In any event the miners always are working under solid,
undisinrbed ground whils breaking the ore out into the open stope,
Within a given stope pillars are leff only if gronnd iz eticountered
which is too low in grade to be mined profitably. In wide ore bodies
transverse sublevel stopes may be mined belween regular pillars,

In open stopes with pillar supports the length of unsupported
span ia reduced by leaving pillars of ore in place. Tillars may be of
the caznal type, thelr position and size being determined by ground
conditions and their arrangement not conforming with any pre-
‘determined, regular geometrical pattern (e, 3); or they may br of
t standard size and arrangemnent, conforming to a regular room-
".and-piflar or checkerboard pattern (fig. £},

In mines where open stoping is employved the stopes may be flled
with waste after they have been worked o, but sinee this lilling ia
not imtroduced duritg ezcavation of lhe stopes it does not affect
the stong methad. '

- . R, STOPE:R AUPTFORLED ARTTETOEALLT
AHEINEAGE YTOELAG

Shrinkage sloping i5 placed fist under slopes supported arti-
ficlally since it iz more like open stoping (han the other methods so
clussifid, TIndeed, there is some yuestion whether shrinlage stop-

ing should not be placed under open stopes. In shrinlage stoping

broken ore is left m tho stopes primarily to form a fioor for the
miners i stend upon while they are Iweaking down the back, Cn
tha other hand, ihis broken ore undoubtedly ofien provides a cerlain
meazire of tomporery support to the walls of the stopes, therefore
shrinkage stoping has been placed more or lees arbitrarily under
stopes supported artificinlly.

n this methad of stoping the ore iz mined owt in successive fab
or inelined slices, working upward from the leval. After each slice
tz hlasted down emough brolen ore i3 drawn off from belew to
provide a working space between the top of the pile of broken ore
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and the bacl of the stope. (See fig. 5.) TUsanally about 40 pér{:ent
of the broken ore will howe bean drawn off when the stope has been
mined b the top.

%\x:-n el
G=:i£EEWan:mh

Trauwn _E.—Dpun' sloplng with cappal pillara.

Room ralned -out

Daunda

¥
uﬂwanp'.

WEATIGAL SECTION A=A
Funae 4 —Example of apen gropbeg with vegular pitlaps,

Shrinkage stopes often are excavated by taking slices aleng the
vein [egpecially in narrow veinz) from' one end of un ore shoot to
the other, without leaving any pillurs for supporting the walls,
Sometimes (papecially in wide veins) the ore 15 mined in 2 series
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of tranaverso stopes of limited size, cach stope being scparated from
the next by a ?i[la.r of solid ora to reduce the length of the nnsup-
ported zpan, In somno instances cnsuzl pillars may be left to sup-
port Incal arcas whers the walls e weak, and in others pillars of
lean ore or waste within the ore body are left, The latter are lelt
primarily hecause ik docs net pay to mwne theny, but at the sume
time they redoce the length of the nnsupported span and nssist in
supporting the walls and] baek.

After u shrinkage stope has heen mined out to the top the hroken
ore iz drawn off, leaving the stops empty. The slope may be filled
with wasio Inter, either becanse the smpty stope affords a handy
place to dispose of waste rock from development, or becanse W 1z
an essential part of the stoping method. Thus it may be necossary
Lo fill tewo eIy stopes to extract the ore from 81 intervening pillar
with safely.

Stulls end props often are employed to suppert insecure patches
of ground temporarily in shrinkage stopes,

UIr-AN]-FITT. ATOPING

In ent-und-fill stoping the ore 5 excavated by successive flab or
melined slices, worlking upward from the level, as in shrinkage
stoping. However, afler each sMee (g blasted down all hroken ore iz
removed, and the stope iz filled, with waste up to within o fow feet
of the back before the next sliee is talten out, just enough oo being
left between the top of the waste pile and the back of the stope o
provide worling space.  {(See fig. 6.)  The term “ecut-and-fill stop-
mg” implies s definite and charscteristic sequence of operations:
(1} Breaking a =lice of ore from, the back, (2} removing the broken
ore, (3) bntradecing filling—then (1) bresking again, and =0 omn.
The filling iz inlroduced primarily to snpport the walls of the stope
and may consist of waste sorted from the ore in the stope, waste
rock from development worly, rock fTom wasto stopes excavaled o
provide filling materizl, rock from surface glory holes, or sand and
rravel or mill teilings, Stalls, props, or cribs often are employed
Lo support local patches of ingsorre ground.

EICLLED STOPES 1M NARLKUW TLING

The walls of narrow veins frequently are supperted by sinll tin-
bers placed between the foot and hanging walls, which constitnte
the only srbificial sipporl. provided during the exeavation of the
stopes, Stulls may be placed at irrEﬁlﬂu.r intervals io support bocal
patches of insecure ground, in which case the stopes are virtuallg;
open stopes,  Sometimes the stulls are placed at regoiar interva
both alony the stope amd yvertically, in which ease stull stoping should

be considered & distinetive method. {See fig. 7.) Filling may be .

introdnced where necessary to provide betfer and more lasting sup-

port: for heavy ground. If close filling is vequived and the regular

cycle of operations characteristic of cut-and-fill sloping iz followed
1e method is elussified as cut-nnd-fll stoping,

BOCARTG-ERT SUCPING

The term “ sgnare-zet stoping ™ iz applied to that methed of min-
ing in which the wallz and back of the execavation are supported by
ragular framed timbers forining a skeleton, enclosing o seripe of con-
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necled, hollow, rectangular prizms in the space formerly occupied
by the excavated orc and providing continuous lines of support in
three directions af right angles Lo each other, (See fig. 8, 4.)
Tle ore 19 exeavated tunsmall, recbangular hincks just large envugh to
provide room for standing o set of timher. The esseniipl timbears
comprising u, standard squarc-set are respectively termed © posts™,
1] .1 e g 7 ik T 7 . . H

caps "y pnd Y givis? (or ¥tles ™). The posts are the npright mem-
bers, and the cups and wirts wre the horizontal members.  The ends
of the membere are framed io eive eich g bearing againg the othor
two al The corners ol ihe sets where they join iogether, The shopes
nsielly are mined out in Aoors or harizontal panels, and the suts of
euch suceessive Aonr are framed into the sets of the preceding floor.
(See fig. 8, B.) Sometimes, however, the sels are mined oot in
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a aories of vertical or inclined punels, Square-sel stoping usually is
aceompanied by filling of the stoped grownd, and ofien In heawy
ground ithe seis are filled with waste sﬁ-gri:]}r after they are put in,
leaving only-a small volune of untilled stope ot any one time.

¢, CAVED OTOBER

There are twao distinet types of caved stopes. In the first, the ore
ig hroken by caving induced by undereutting a block of ore. In the
sceond, the ore ilsclf is removed by excavating a serics of hovison-
tal or Inclingd slices, while the overlying capping iz allowsd 1o eave
and hl} the spaeca oecupied previously %n}f the ore. The first typa
comprises the.caving methods of mining, while the second comprises
the top-alicing method. E

ZLOUE. G4¥ING

In block caving %ﬁ . 9} = thick block of ore is partly cut off
from surcounding blielis by o sertes of drifts, one ahove the other,
or by houndary shrinluge stopes; it is then undercut by removing
a clice of ore or a series of slices separnted by small piliars under-
peath the blogk., The isclated, unsapported block of ore Dbrealms
and caves under its own weight, The broken ore iz drawn off from
below, and as the caved mass moves downward, due to continued
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drawing «of broken ore from below, it is broken further by pres-
sure and attrition. The overlying capping caves and follows the
brolten ore downward. Tn the earliest npplications of Lhe caving

IS 7P 7N

Twgne b—Eznmple of zqoare-set atopdog 1 A, Sqoare-set timbering ;. 7, raetloal trumsvarze seetlon throogh Lypicenl zqanee-aet stope,

methed the block was underent on or immedintely above the hunlage
Ievel, and the caved ore was shoveled into cars in drifts driven under
the cave or spiled throngh it. This system entailed the driving amdl
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Grizaly fayel

Frarar $—-Ezampls of Wlack eavlng (aftcr F. . Muzlennan).
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maintenanee of u lares number of drifts to recover the ore and has
been. superserded by caving to chutes or branched raises, At present
the block of ore 12 usually mdsieit some distance obove tlie haulage
level, so that by driving = number of inclined branched voisss a
large nndeceut area can be tapped =i closely spaced points Irom
relatively few maoin-level hanlage deifta, which may be placed well
below the influence of the pressure induced by the eaving block:
{(Bee fig. 9.} With this system hand shoveling Is virtually elimi-
nated, ' -
ELTLILYEL CAVINGY

In eublevel caving, relatively thin bloeks of ore are caused 1o cave
by suecessively undermiting small panels. The ore depoat B de
veloped by a series of sublevels spaced at verfical intervala of 18 4o
25 or 30 feet and occasionally more, Figure 10, 4, B, and ¢/, shows
enmplete development of a block.  This is not all done befors stop-
ing operati;s are begun, but useslly only one or two sublevels gre
devoloped at a time, beginning at Uwe top of the ore hody., The sul-
levels gee developed by wonnecting the raises with o longltudinal
subdrift feom which timbered zlice drifts are driven vighl and left
oppasite the raises to the ore boundaries or o the Tmits ol tha
bock, Usunlly alteraste drifte are driven first, and caving back
from them 18 begun and continned while the internediats slices ars
being driven,  The caving iz bepun at the ends of 1l slices by blast-
ingr ont cots, 23 ghowa iy figure 10, 2, wnd retreating in the soume
manner toward the raises.  The oken and caved ore formerly was
shoveled into wares angd frammed fo the reises, but in recent years
it iz dreowed fo the ruises by power serapers. Sucecessively lower
siblevels are developed wnd caved back uniil the entire hloel has
heen mined. This method is intertnediate betweon bloek paving and
top glicing, sivee part of the ore = mmed o5 in top sliving end part
is caved. .

Tl HLIPTMG

The term “top slicing ™ iz applied 1o the methed of mining in
which the ore 1= extracted exenvating w ceres of horizontal
{somaciimes inclined} timbercd slices alongside each other, begin.
uing at the top of the ore hody aml working progressively down-
ward; the sliccs are caved hy blusting ounb the tinbers, bringing
the cypping or overburden down upon the hottom of the aliees
which have been previouwsly covercd with » floor ar mat of timber
to separate the caved malerial from the =olid ore bepeath, (See
fiz. 71.) Succcedingly lower slioss are mined in 2 similar mobuer
uy to the overlying mat or gob, which consists of on accummnlation
D% eoken dmbers wid yeging from the upper #lices and of vaved
capmng, As the slices are mined cuf and eawed ihiz mat follows
the mining dewnward, filling the spaes occupied provieusly by the
ore, - ’

. COMBINATIONS OF 3UFCORTED AND CAVED STUPE

Tha question has heen paised frequently as to whether combina-
tions of supported and eaved stope methods should be classed as
diztinetive methods. The writers helisve thot certain such com-
binations should be. Thus, where a stoping system iz luid out in
advauee of operalions in which » series of stopes separated by
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regular pillers are to be mined by a supported stoping method,
such gs shrinlege, and the pillars wre to be inined by caving, 2
distinctive stoping method seems to. exist.  Another example ix
the method in which block caving is preceded by exeawvaling boun-
dary shrinkege stopes around the block to be caved. or the block
is undercut by a geries of shrinknge stopes. However, where less
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than 2 pereent of the ore in o hloek is drawn [row shrinkape stopes
{now the practice iz most mines employing block eaving) it would
he illngicul to consider it & combination methad, A third cxample
ia u system in which the pillers between mined-out ewt-znd-fill stopes
are mined by lop-slicmg or square-setting. On the other hand,
whiere o number of diflerent methods are uzed independently for
wining different ore hodies or dilleront parts of the same ore body
i ¢ mine becanse of dilferences in the physical character of tho

gro and wall rocks, it would nat be considered a combination method -

of stoping.
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CLARBMICATION SUMARaRY

The simple classification adopted by the Buresn of Mincs em-
braces only the principsl methods of stoping and is based upop
suppert or lack of support for the stopes and the method of sup-
port employed.  The terms applied io the methods are in each
instance those with which mining men are genevally familiar; varia-

tions of the prinecipal methods, to which different names have been .

applied Iocally, are not included.

Frinn the foregoing brief disenssion of the classified methods it is
evident that there is nob wlwiys o sharp distinetion between the Jif-
ferent classes ol stopes.  This is well-illustrated by shrinkage stoping,

_ which may he considered either as open stoping nr as stoping with
artificlal suppoct, depending upon whether in ity given instance the
broken ore simply provides a footing for the men te work on or
whether it provides essential support to the stope walle. Moreover, s
stulled slope may he considercd an open stope if the stull timbering is
irregular and iz naed only to support occasional weak scetions in the
gtope, or s an actifiecinlly supported stope where the stulla are in-
stulled regularly and srstematically thronghout the stope area for
support of the walls, Some stnlind stopes even might be considered
caved stopes where stulls are vsed slong o retreating longwall fuee for
ternporary support and the hanging wall is permitied Lo breal the
Himhers and ecome down behind ﬁm working face, During the past
10 years the anthors have participated in, listened to, pnd rend numer-
o discussions on the elassification of stoping midhods bob have yet
to see a classilleation to which all anthoritics would agree or one in
which the classificotion of certain of the prineipal methods is nob

. apen to soroe question.  ‘That adopled by the Bureau seems to be the

least open to argliment of any presonted, Finally, the prineipa] valuo

‘of & classification is {0 clarify the hasie principles of the different

metheds and their distinguizhing features, and it is believed that of

the Bureay of Mines does this .

PRODUCTION BY FRINCIFAL STOPING METHODS

The tonnage of ore mined by each stoping methaod cannot be con-
midered a mensure of s importance, since efch s important to those
types of ore bodies and mining conditions wder which 1t s applied.
A table of ore tonneges mi.neélg by the varions moethods iz of interest,
however, as 16 mdicates the Importance of the different types of ore
bodies to which each method is applicable; when ronsidered in con-
junction with the cost datn and data on vnits of labor and supplics
riven later the table supplies 8 rough messure of the labor, timber,
cxplosives, and power costs for the stoping of ore. _

able 1 shows the production of the principal metallic ores mined
in the United States in 1930, by each of the privcipal stoping meth-
ods. The year 1830 hag been selected rather than a Iater period, since
1980 was the last year during which preetically all of the produeing
compunies were operating. During 1931, 1952, and 1833 most of the
gmaller high-cost producers and many Iargsr producers wers closed
nr thelr sutput was greatly curtnileg. TMgures for 1930 thercfore
give a treer picture of production as rega.:%s sloping methods than
thozse for later years,
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The figrures in table 1 are admittedly incomplete, They have been
sumnmurized from reports of the wnining ecompanies, which are confi-
dential as far as individual mines are concerned. However, produe-
tion fignres from afl of the larger companies and several hundrad
smaller ones are neluded, and 1% is helioved that the table covers at
laast 90 to 95 percent of the tonmage prodneed by underground meth-
ads in the Tnited Sitates during 1930. Where more than one stoping
method waz employed the percentage of ore mined by ench method
" usmally was given, so that- it was possible to allot the tonnages to the
proper stoping method, However, thess tonnages include ore re-
moved in development warl, and there are no available data showing
the gm'm}utagﬁ of development ore,  The ontput of mines reporting
development production only has been outided, .

Y TaErE I—Tunstapes of sobeilio ores wmined dn e Licdted Siatey, by principal
’ atepinr fcthods, T8I0
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APPLICABILITY OF DIFFERENT STOPING METHODS A5 DETEE-
MIREDL BY PHYSICAL FACTORS AFFLCTING STOTE SUPFORT

The ztatement Already hos been made thai the applicakility of
the differont stoping methods depends fundamentally npon the de-
gree to which the ore and wall recks will stand ausupported and
how the methods meet the requirements for suppmt of the back
and, walls of the stopes,

A cortain stoping mothod may b hibghly desirable az to aimplicity,
low cost, and high production rale, But iks Use mav he Impossible
due to the linitalions set by the physical chavacteristics of the ore
depogit 28 they aflect aupport.

A number of other faotors that govern the selection of u stoping
methed will be discossed later. These factors often ure of the ut-

most importanee B0 sueeossful mine operation, but they are deter-

minative only within limits poverned by the plzuj;sicn,l characteristies
of the ore and wall rodke and the support of the stopes. Usvally
they determine the variations of the prinvipel methods and details
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of practice rather than the methods themselves. If the stopes can-
not be lept open while the ore s heing extracted, it iz obvions that
a method otherwise desirable cannol be employed.

Before boginning o broader and more involved discussion of the
faetors governing the seleclion of 2 stoping method it therefors
. suerod logieal fo discnss bricHly the applinzgiht? of different stoping
metheds as determined, by physical (zctors affecting stope support.

EPECTRIC FAOTARE
STRENGTIT OT ONE AKX WALL BOCKS

Strength of ore and wall vociis 15 the first wnportant eheracteristic
of the vre deposit that affects the stoping method, as it -determines
the size of excavation, the Jength of lime it will remwin open, end
the character of support reguived. :
The strength of the ground as it iz considered here depends upon
the inherent strength cﬁr the rock itself, the fractures u.ng planes of
weallicss and their wrrangemenb wnd spacing, major structural fea-
tures such as fanlls or bedding planes, and the element of time. A
grnall black of rock of uniform tezfure pnd structure which is nok
ent by fracture or joint plancs may be much strongrer than & larger
mass lacking uniformity and eut by such planes nlf_ wealmess.  The
arrangement and interval between plunea of weakness alse affect
the strerigth of the ground. Thus a serfes of juints or bedding
plunes, all rumning in the same direction—that is, pacsllel to
each other—may male the vock wenk iu it resistance to stresses in
one direction while it is strong ot right angles thereto.  IT the rock
iz cul by numersus planes of wealmess ot various angles to each
ather tha ground may be structerally weal, although the rock itzelf
may be inherently strong, Mear fault planes the ground may be
very weal, wherens ot some distance from the fanlts it may be strong,
Frequently, Tresh rock is strong, but after it hos been exposed to
the ir for some time 3t may slowgh or ewell and hecome Leavy.
SBomefimes the siresses imposed on a strong rock areh may weslen-
it gradually until it will no longer stand. Thus it appears that
the time element towest he constdered in velation to stromgth of the

groutl in mining operations,
#Tz3 OF DEFOEIT

A smpll ore body with firre walla often can he stoped out from
wall to wall withont any support to the stope other than that
afforded by the wally themselver, With larger ore hodies in the
same lond of pround it may he necessary to-provide added support
in the form of pillars, filling, or timber hetnnuse of the greater area
of wall or back exposed by the excavalion of the ore. In other
words, there is g limit to the unsupported span or arel that will
stand by Haulf, even in very strong ground, therefore the size of
the ore hody helps to determine the stoping methods applicabis.

SHATE AKDN DIF OF DEYPORIT

An ore had}" may be large In tolal volune but may be narrow
in one dimension and wide in two dimensions Sf-EL_buIH;I‘} O DACTOW
in two dimensions {pipe deposit}, In a tabular deposit dipping
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at & high angle the unsupporied borizonial span is small, and it
may be possible to zlope the ove from wall to wall withoot mire-
ducing supports 1€ the walls are moderately firm.  In stoping a
gimilar depesit dipping st o low angle the area. of back or lior-
gontal spun Tny }I;c:- so great. that it iz necessary Lo support the
hanging wall with pillars or by other Ineans. o
- In stoping, o deposit which iz reguls: in shepe mey Tequire less
suppart than one which Is very rrepulsr, other conditions being
the same, Thus, in mining an irregular deposit the walls of the
stope: may be very uneven, with overhanging slabs or projecting
eolumns of wall vock extending inte the stopes.  Such irregularilies
may refquire support, whereas 1t the walls were of the same Inherent
strebgth but smooth and regular they might stand withont added
support.  This factor is of particular importence.m wery deep
worlings; in the deep or “rock-burst ™ zone it haz been found
that eorners and projections ave affected most by rock bursts.

It therefore appesrs that the shape and dip of the deposit may
havs an important influenee apen the method of support in stoping,
hence upon the stoping method, '

OEFTH BELAW SUTHIAGE J‘L'HJ]I_ CELARACTER (F OVERTTTRLEN

It happens freguently that as the depth of mubing operalions
inereases the mining method must be changed, due to requirtmenis
Tor increased support.  Near the surfuce the rocks are not under
ag great stress ag at depthe where the superincumbent load of the
overlying rock places a strain on the walls of the excavations.

The character of the overburden and 1he condition of the ground
above (he warkings have an important benring on vock stresses ot
depth. The weight of o thivk mass of uneonselidated overburden
iz sustained by the underlying rock, anid 1f the latier is honeyeombed
with mine excavations the welght Ix tranemitied to the. pillars, wolls,
or other supports, citler directly or hy the thrust of ilie rock arches.
Similarly, if o pressure block s formed over the workings by huge

-maszes of Tock becoming severed from the surrounding formations,

greal prossures may be transmitted to the enpperts in the mine. - Pros-
sirre blocks of tremendous sige may be present ag o result of natural
phenamena, such ag favlts, or a3 & resulé of mining,

DIRBCEON 0T LIS L10e

The direction of pressure hag an important bearing upon the
method of support in stoping, Thus, in o steeply dipping tabulay
deposit, filling genevally will furnish adegquate support against side
Pressura Irom t.%e wallz, wherens In o wide deposit, where the preat-
vsh prossure acte vertically dowowurd on the backs of the sbopes,
filling cannot be relicd wpon to preveml meovemaent, To the latter,
filling canpot be iutredeced tightly eonough against the haclk to
support permanently any preat welght that miay come npom it
Furtherriore, filling usually shrinks in velume alter it is placed,
thus leaving open spaces and unsapported aress of roof, There-
fore, a cut-und-fill method can be cmployed where the prossure is
from the sides and the back is strong and self-supporting, whereas
if the preszure is from above, aqnare-getting sppplemmented by filling,
or syne other method of holding the bacly, may be necessary. ™ - -
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BEQUITEMENTS FOR FERMANERT SUPPORT -

The requirements for permanent support of the stopes may detar-
mine the method of stoping, Thus, 1f it is neeessary to prevent
caving and subsidence of the surface becnuse of permanent surfuce
Improvements, or to prevent the water from a lake or stream from
entering the mine, & cuved-stope wethod could not salely be em-
ployed. Likewise, the position of shufiz and other worldngs rela-

 tive to the stoping area may be such that 8 eavedwstope methaod,
ar one that wonid permit some ground movement, could net he
-employed,
AFFLICABILTIYT 0F PRINCIFAL METHODA

The applicability of the prineipal stnpingi methods from the
standpoint of support iz diseussed hriefly in the following seetion.
Other factors governing the applieability of the different methadsy
will be discuased 1ater in this bulletin,

BETOTES BUCPORTED NATTIRALLY |} O1'EN STOFENG

Onen stoping is applieable to deposits of =rong, firm ore having
strong, fimm walls, In table 1, 82,052,000 short lons of ore sre shown
te have heen mined by open stoping in 1830, out of & total of 91,520,
000 shorl tons mined hy ull undereround methods in the Tnited
States dueing that year. Of the metallic ores mined by underground
methods, 36 percent, therefore, was recovered by open sfoping.
About 75 percent of the open-stope tounapge was produced in lead,
zing, copper, and iron mines of the Eastern and Central Statcs,

indieating the predominancs of ore deposits workable by open stop- -

ingr in thesge sections of the country.” Much of this tomnage came
from flut-lying heds, such az thowe of the Tri-Btate and South-
eastern Missouri distriets, the Birmingham (Ala) distriet, and
eastern Tennesses, -

In the narrower deposits %30 tiy B feet, muximum width) the ora
often can he stoped the full width of the deposit witheut leaving

cany pillars.  In wider deposils it wanally is necessary to leave
pillars to redecs the length of unsupported spun over the stupes
and prevent fuflure of the back, . . _

In goneral, casual pillars are used in the thicker, flak beds, whereas
rogular mmn-and-piﬂar mining is used more for mining the thinner
beds, With casoal pillavs it frequently is possible to ntilize the
lower-grrade areas within the ore bodies for pillars, at Tosst in part,
thus permitting a larger proportion of the belter grade of ore to
be extracted than if the pillavs were In the 2ond ore. The methed
of casnal pillars iz generally applivable to the firmest type of gronnd
in ore deposits of varishle fhiclmess wherr the ares of the pillars can
be proportioned to suit the eonditions of the buele and the hoight
of tl._)he ore.  The method may be emploved where some sloughing
of the bacl and pillars may oveur after the stopes are worked out
and abandensd bt will net result seriously. Usnally o somewhedt
bigher perevntage of the total ore in ithe ‘deposit is recovered by
first mining than with the room-and-pillar gysten.

The: room-gnd-pillar method iz partisularly adaptable to thin, fat.
lying beds of ore where the roof must be supporied definitely and
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permanently and where the back is such that wsupporied spans
nowhere can cxeeer] n predefermined maztmum length—in olther
worlds, wheeo If i nob safo to rely o personal judgment for deter-
mining the atmount of support reguired at individual losal poinks.
An example of this is afforded by conditions at some of ilhe iron
mines in the Birmingham (Als.} district where there is a thiclk,

orous gtratom saturated with water abowt 150 feet ahove the oro
ed. Here 1t s necessary o malke sore that thera will be no cuving
or hreals in the roof which would lof the water from this strafem
mic the mine, Thwder such conditions a rovan-and-piflar system in
whirh the pillars are speesd repularly and are of a zize capablas
of resisting the roof pressure and preventing seitlement penerally
is safer than a casual-pillar syester. ’

In the sublevel stoping syatem the stope faces retreat from the
ends of the ore body or, In transverse stopes, from a wall, The
miners always are under solid pround and have o safe pvenue of
retrent throngh the subhdrifts to the manway raises. Slabbing of the
root and walls at the worled-out end of the stope doce not endanger
the workmen and, if the stope iz mined hack rapidly, usualiy will
not dilute the ore with waste. This systein 1s applicabls to tubular
ore depogita dipping 50° or more and to wide, thick ore bedies in
which the ore will stund well withoud timber and which have firm
wulls, T& s wpplieable In weaker grownd fhan condd he worked
safcly by olber open-sstoping mebhods, as the miners are working
imsler solid ground ok only by narrow sublevel deilts where caves
or fulls ere not 1y Lo oceur and they do not have te go under the
back of the stops itself. Targe nprn stopes are worked successfully
by this methed in ground which can be drilled with anger steel, TIn
fact, the method 1z applcable where the ore is too weak to be
worled by shrinksge stoping, which Iz classified as an artaficially
supported stope method.  The wallg should be firm, however.

FLUE BUTTONLED ARTIFICIALLY

AORTS E 3L BIOTIHNG

Shrinkage stoping 13 applicakle to bodies of sirong, firm ols en-
closed between firm wails which will not slough Lo any great extent
after standing for a considerable time. The method is applied most
often to thin, tabular depositz dipping et angles prenter than 50°,
in which there are few horses of waste {although =ometimes these are
leit as pillars) and which have fairly regular walls.

TIi. 1= alse appliealle to large, (hiek ore bodies in which the entive
deposit iz to be mined from wall to wall, rersrdless of horses or
bands of low-grads or waste rock within the ore body, which are
removed wilh (hd ore, In thie type of ore body modifications of the
gimple method cmployed for shrinking in narrow, tatmilar deposits
uenally ave employed. Owver one-third of ihe tonnygs mined In the
United States and Alaska by shrinkage stoping in 1030 came from
two operations of this type. Shrinkage stoping alzo 13 enuployed In
wide ore bodies by excavalting transverse shrinkape stopes, separeied
by repular pillarz, using a syslem vurtvally identicsl to that useq
in -t-aﬁllar ore hodies fer individnal stepes. The pillars are left
hetween the stopes to rodoce the nnsepported spsn, which olher-
wise wonld be ton wide to stand.
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‘For shrinkage stoping the ore. must be streng and firm, since
the baelt under which the men womlk is msnpported escept for
oeeaslonal props under petehes of insseurs pround.  Although the
hroken ore left in the stope affurds support to the walls until the
stope 1y worked -out and is drawn empty, the walls may slough or
even gollapse Jduring and after drawing unless the walls are sirong
and firm. Sloughivg of the walls will dilute the brokei gre with
_waste, ‘aven though the walls do not collapze, Therefore, the walls
st be firm for shrinkage stoping to be applied satisfactorily, 1In
gunvrgl, for shrinkage stoping the ore itself mmist he firmer aad
slvomper than is required for mublevel stoping, while the walls. may
be zomewhat weaker. Shrinkage stoping is applicable to narrower
ore bodies than is sublevel stoping, although this is due more to cost
cohsiderations than to guestions of support, : -

COUT-\MNI-FiLL ETIRTHE

- Cut-pnd-ill stoping finds its best applicaiion in the mining of
firm ore enclosed between wally, one or both of which are weak.
The deposite may be of the tabular type, dipping 407 or move, ov
they may be wide, thick ore bodies. Flatter deposils may he workad
by providing special mesns for iransferring the ore from he face
Lo the level.  Tn genernl, ihis method iz appheable to more irvegiular
ore budies than i shrinkage sloping wnd to deposits in which shrink-
aga stoping could: be employed except for the fnef that the walls are
too weak., In cut-und-lifl stoping the fill supports divectly only the
walls of the stopes and doees not support the hack, Fallure of the
wulls, however, may undermine and induce fajlure of the baelt. The
ore itself, therefare, should be strong for eut-and-fill stoping, Other
cotditions are frequenily ws important as those that wifect sepport
I the zelection of enteand-Hil in preferenes Lo shrinkags stoping,
and these will be diseussed later.

HLTILLED STOFER IN XARKDW YHING

- Thern iz gome question as to whether sinll stopmg should be con-
gidared one of the principal stoping method=.  Btull timbering often
iz nzed in open stoping and in other steping methnds to support local
patehes of bad ground. However, » rvegular arrangement of stull
timbers oflen is employed to support the immediate hanging wall in
stoping thin, tebular deposits, constituting -a distinet method of
support. T 1s espeetally applicable to thin, tabular deposits having
an iminediate hunging wall which is weak and will zlab off for sev-
eral feet back to a slable hanging wall unless supported in some
menner. In other words, when the ove is blasted out, if 2 slab of
hanging wall soon will come wway, endangering the misers and
dilnting the hroken ore, this system zometimes is more ecomomical
than it 1s to let the hanging wall cave and sort thé ore and waste in
the stope. Where the woak hanging wall extende far back from the
are stull timbering cannaot be depended upen to hold it up, but where
there is only & comparaiively thin slab of weul hanging wall, above
which the ground is firm, regular stnll timbsring may be very effec-
tive, acting to steady the wall rather than te hold any great weight,
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HOTARL-SIT STOFLNG

SBguarc-set stoping is adapted to the mining of regular tir Irregular
ove bodies, commonly on dipe steeper than sﬁmut 46, whera the ore
and/or wulls ure tun weak to stand even over shorh spans Lor move
than & very brief time and where caving #nd subsidence of the over-
lying roclt must be prevented. From the standpoink of support
u;lunc.l. betle tenporary and permenenk, the mclﬁmt& iz applcable to
gomditions nnder which no other satisfactory medhes] haz as yeb
beer, devised. Vhere the overlying strata muy bo wllowed to cave
and where ihe Togs of some ore or some dilulicon with iaste is not a
serions objecltion, caved stope methods are adaptuble. o as bad ov
worse ground as synare-setting, Other aspects of the applicabllity
of the method will be Harussed later, Square-sel stoping.is not need
cxtensively any nwore, excepl whers the ground is =o heavy thei the
stopes must be closely ksl with waste to provide permanent supporl
goom after the timbers are placed, and where only a small volumne of
stope can be left unfilled at-one time, The method often & nsed in
ermibination with others for stoping out pillavs bubween or over filled
atopes. .Moreover, square-setiing offen. 15 used as  an. anxiliary
mcthod to other methods, ag for supporking the sill and fivst floors of
some put-and-fill or shvinkage stopes. ' U

CAVED 8TOTED

When caved-siope methods are employed they will result sooner or
later in breaks to or subsidenes of the surface, provided the stoped
nrea is large wnd thick enough in refation to the depth and character
of the overburden. Therelore, caved-stope methods are applicable
anly where there is no objection to eaving of the overlying strota
a-ncf aubsidenee of the surface. C o o :

RLOCK CATIKG |

In-the eaving methods the dre itgelf s broken by caving and by tha
wolght wnd movemént of the mags o caved ore. In the block-caving
mebhod ench seetion of the ore body, constituting & caving block, is
purtly isolated from the surrounding ore or walls by boundary dreifis
and raises or by boundary stopes, and the supporly boneath, it arc
cither out wway entirely or arve weelened so that the bloélk will erush
them, The are must be of such a-character that as it ouves and moves
downward afier the support and broken ore are removed from the
botéom it will break ap finely cnough to permit drawing it off
through raises (or drifta} below. Dlock caving is edaptable to ore
which hehaves im Lhis manner and which oceurs in deposits of large
aren, and considersble thicknees. - The inethod iz wmally appliel
only to mining low-grade ore, as will be peinted out later. =~

SYOLETIL OAVIRG

In sublevel caving the orc s stoped partly by excavation and
parily by ceving. 1t is'mined in » suecession of smail, caved stopes,
usually 18 o 30 leet high, beginning wt the top of the deposit and
working dowmward. The method may be wpplied to smaller deposits
than ock caving but s also applicable o large deposits and to soft

Lab043°—3T—3 T L '
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ores which will stand falrly well for a brief lime over short spans
with light timber supports bat will cave when an apprecigble ares
iz undercut. The eapping (and later the gob) should hang up over
ghort gpans for a long enougl time to permit removal of the cavad
ore beneath In safety and without nndue dilution of the ore with
waste. Schans?® has well summarized the requirements for sublevel
caving as it is applied in the iron mines of the Gogebie range, a«
follows: _

The delevinining couditicns to whichh this methud iz adapled arc: fa) A
Alpplng wrel pitching lrregular oee bedy shich does not lend izetf 1 top
gliciog; (8 & modlom-eofé ore whish hreaks fne yot staods well gnd 98 oot
free coviog) (@) @ hard eapplog which eaves in medinm-sized blocks wlihouat
meh fines and which 1 casily controlled. '

1t cun be wpplied where top glicing wonld ba dangerona due to the
hauginge up u}fj the gob. In block caving the broken ore must be free-
rinning; thab is, it must be of such o nature that it will not pack
and form a semizolid mass which cannot be drawn off from helow.
Ore of this charscter nsnally iz hard.  Op the other hand, due to the
relytively thin buck and small units caved af one time in snblevel
caving, packing can be avoided when using this method, and it is
therofors applwable to softér and somewhat stickier ores than ia
block caving. Tt alse i= appiied to stoping some hard ores, however.

TiE SLIOING

In lap slicing the ora 1s removed by exmwatin% n zeries of slices,
ane alongside the other, beginning at the top of the ore body, (See
fige, 11.}  Alter the ore is removed in sitces the uverburden 15 aved.
Sﬁtaes gre talen in the sume way at successively lower levels, the are
heing removed up to the caved pob, The method is applicabls to min-
ing solt, weak oro which will stand wnsupported for onty a very shovt
time even over spans of a fow fret and which Is overlain by an un-
consolidated overburden or woeak capping which will break up and
cave ag soon as bhe support i removed, tightly flling the space
formerly ocenpied by the ere and leaving no open holes.” Tt muy he
employed for mining tabular deposits lying at gll angles of dip from
flat Lo vertical, or in wide, thick pre bodics. Tt is used successfully
in very irregular deposite,  Top slicing moy ba employed fur esicack-
g pillars from between caved or ﬁ]leﬁ stopes and for mining broken
ore or old caves which would be unsafe to worle from the bobbom
upward. The method is similar to sublevel caving in that the ore
i3 mined from the top downward by a series of slices and differs
from it in that the sublevels are not: 30 far apart and the ore is
excuvated up to the capping or the mat sbove, whereas in sublevel
caving only part of the thickness nf the slics 1s excavated, ihe rest
heing eawed gown on tha vetreat. 5

SELECTION OF STOPING METHOD

It has been peinted out in the foregoing diseussion that the selee-
tien of w stoping methed iz concerned fundamentally with the
requirements as to support of the stopes. In a given instance any

S Bolizua, . M, Mioing Mochode aod Costs nf fhe Meotreal Mlue, Huﬁtn.'u[, Wik,
Inf, (iee, G300, Burep of sffacs, LIRS0, 200 .
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method by which support’ will fail before the ore can be removed
in supported stopes or by which the ore will not cave and brewk up
finely encugh n caving methods mey be disregarded ab once.
Bometimes selection of the stoping method hest adapted to the
ponditions may be comparatively simple due to the fact that only
one method can be applhied or that the cheive lies hetween one of
two methods or variations of one method, AL other times the prob-

lern s more complex, and the best method can be selected only -

after full consideration and careful weighing of a number of inter-
related. fuctors. Safety of operation and the health and welfure
of the workmen are of course primary cobsiderations; then come
factors of several different Lypes.

First are those related to the purvely physieal characteristics of
the ore depesits and of fhe surrounding rocks and surface, which
have been discussed briefly as they aflect support but which also
must be oconsidered in relation to other faclors, The important
physienl characteriskios that affect the choive of a stoping method
are: (1) Strength of ora and wull rocks; gz} ghape, hovrizental area,
volume, and reguiarity of the houndaries of the ore body; (8) thick-
ness, dip and/or pitch of the deposit and mdividual ote shootis;
{4) eontinmity of ore within the bonndaries of the deposit; (&) depth
below surface and noture of capping or overburden; (6) position
of doposit relative to surface improvements and drainage.

Becond arg Tpekors related to the nature of the ore itself, ppriien-
larly Ws geado and onit valne, hardness and friability, poreentagy
of ore recoverable by the stoping muwthod sdopted, distribution of
the valusble minerals within the ore body, end cilect of the stopinge
method upon the peceentage recovery of valigble mineculs in tha
tnilling plunt.

Third snd clesely relafed to the type and grade of the ore are
economic fructors, which involve congideration of the cost of stoping
compared to the value of the ore, capital available, production rate,
avallability and cost of wing tlmber, possibilitics for qgoick czpan-
gion or coblraction of production rate, and degrec with which the
grade of ore mined may be adjusted to markel conditions without
loss of ore wnd consegquent impairment of the valoe of the mine,

Tourth erc fuctors that affeet celated mining operutions, such as
development, haulage and hoisting of ore, procurement and handling
of flling material, dispesition of waste rock, and handling thnber,
drills and drilling gear, drill steel, and explosives.

These several typos of factors are inturrelated, and in selecting o
stoping method it is nsually necessary to consider the infleence of
zeveral factors and finaily to disregard those of less hnportance {o
satisty the requiremenits ¢f more important ones,

FRYRITAL CHARACTERIGTIOR OF ORE DEFOSIT

The I}h}'ﬁical charaeteristics of the ere deposit include the broader
Ploysical wepects of the deposit rather than the composition of the
ore itself. The effect of these charscteristivs upon the method of
snpport and hence upon the stoping method has already heen dia-
cuasad.

In thiz connection the strength of the ore and walls and the size,
hovizontal grea, and shape of the deposit have heen shown o have
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paramount impeortanec. - A caving method cannet he employed if
ihe horizontal srea is so small in proportion to the stremgth of tho
ore that the ore will not cave when support 15 rernoved from hencath
it.. On the other hand, if the oré body is of Isrge area the difficulty
af providing tempovary and permanent-support 1z greater, and some
sort of sull;pnrh in the form of pillars, filling, or timbering nsually’
is required if a supported-stope mcthod is emploved. It has been.
pointed cut that filling nsuaily will prowide ample side snpport to
the wallz but cannot be pliced so as to afford moch support o the
back. The arvea of back that will stahd permanently over a filled
shope therefore is limited by the weaktiess of the buek, wnd the larger
the arez the besz iz the probability that filling will support it ade
guately. Filled square-zets which eatch up the back are much mordy
effective than filling alone or squaresetting slone, _ :
- In very thinm, tabular deposits the size -influenees the stoping
method quite apert from its effect on support. The width betwesn
walls may he too sall by provide room 1o which to worly, and it
may b necessary Lo breale into the walls to provide stoping width,
1t ihis is done the waste Trom the walls either goes out with the ore,
vechiving the grade of the material taken omb of fhe mide, or is
kopt separate. To shrinkage stoping it cannot be kept séparate. I
the vein iz flat the waste may be thrown to one side unless the hang-
ing wull iz @b bad that space cannot be kept vpen in which to storé
ik, - If the vein dips at o steep angle either o regnlar cut-and-fill or
% resuing system may be employed. In the ordinary ent-and-fill
gystomn ore and wall rock are blasted down together, the waste is
zortad out and left in the stope for filling, and the ora iz sorted and
thrown into the ore chute. Fhis can be _cﬁmu unly where the appear-
anee of ore and waste is guite different, so thot they can be separuied.
Furihermore, unless the wall rock breaks into large pieces it cannat
be pleked oput, and any {ite waste will have to be sent out with the
ore. In any event hand picking iz cxpenstve and alows down the
rate of produetion from the stope, . S
In tesning {or “stripping ”) either the ore is broken dewn first
and then ‘the waste, or vice versa; uvatally the one which bresls
eazier id blasted first. The broken wagte is lefl in the stope as filing,
and the ore iz broken down on Hooring laid en the Al to prevent
admizture of ore and wuste. Besuing iz applicuble whera the orve is
not % frozen” to the walls and works hest i there iz considerable
differspee between the hardness of the oré und of the wall rocls.
It the vre boundiries nme very irregular o flexible stoping system
ghould be employed, by which 1r1.'engaritica in the ore may he fol-
lowed, and the ore can be recovered from tongues whd offshoots from
the main ore maw.  Thos shrinkage stoping might be applicable as
far as stope support is concerned but might nob be flexible enongh Lo
permit recovery of the ore from small shoots or frregnlar masses of
orp projecting ontward from the main ore hody. Likewise, the use
of 2 blovk-caving meéthod in an ore bedy having very irregoiar
boundaries wonlid result either in the inchiinm. of considerable wall
rock.with the ore or in the losz of ore which wonld have to he left.
beliind to avold dilulion with wasle rock. Howeser, if such o deposit
were of large horionial arven the boundarics might ke mined by a
supporled-stope - wethod and the main mass caved, . - . ;
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The thielmess and dip or piteh of tlic deposit and of the vre shaots
have an irmporkant bewring upom the method of getting the broken
are out of the skopes, which in Lurn influences the stoping method.
In this respeoct thickness and Jdip may be considered as similar char-
aeterishies, A thin, tebulur ore body dipping at a sleep angle fur-
nishes a condition similae (o thot of a thiek by of large hoiizontal
urea, sinee in bolh instunees the vertical dimension of the ore iz
Lvze nod gravily can be conploged Lo imove the-ors frebtn the-stope-fo
the haulage luvei . . St

In a thin, tabalsr depogit dipping s an angle Ivwer then the angle
of repoze of the hroken ove, the ore in a shrinkage stope will hang up
and cannct be drawn off. Near this eritica] angle the ore may hang
up in places, léaving large openings over which hung-up ore may
collapse suddenly and endanger the miners. Tn either cace ineom:-
plete recovery of the broleen ore wonld result with shrinkape stoping.
To overcome this JiBealty severul alternatives could be oniployed,
the one to be adopte] depending Tacgely on the strength of :the hongs
ing wull. If the hanging wall g fim an openestope method s indi-

- cated. and the ore would be mowved Lo fhe lovel by inechanicel means,
©such ag serapers, go-devils, or eonveyors, Withew casnal pillare or a

series of regular pillars might be employed to reduce the nnsup-
ported span, or stull timbers conld be nsed, spaeing them at intervals
«o that the ove could be moved between thern. I the hanging wall
e bud g eut-and-fill or sguare-zetting method might be. applicabli;
tn which 1lie ore wonlid be lowered to the level through chutes cap-
ried through the fill or in lines of square-sets kept open for this pyr-
pose, o1 it could be trammed in-the stope to raises pul up in the walls
at an angle steep encugh for the ore to Ton In them by gravity. With
Tavorable henging-wall conditions depoeils of this type sometimes
are worked by a retrealing longwnll system, in which the longwall
fuce is parried af right angles to ihe strike (up the dip) and the
hanging wall is allowed to cave or seitle down behind the face as o
redronls, . : SR
" The pitch of individual orc shools acts similarly {o the dip of the

cvein in that a flat piteh prevents grevity movemend of the ore from

the stope face to the Tovel unliss steep raises are driven in the wall

_ for transfer of the ore.

Wide variations in the angle of dip preclude the use of wn inflexi-
ble stoping method. This » shrin ﬂi:‘a method starting from the
level on a gteep piteh, might worlt well nntil the vein flattens some
diztance abowva fhe level, at which point the broken ore would
hang np. _ . -

The continuity of ore within the boundaries of the deposii has
un hoperlant bearing upen the stoping meihod, periicaiarly it
sonkinuity is considered with respert to the prescnee and distribo-
tiom, or absenoe, of waste Inclusions o * horses ™ within the deposit
and the existence or ab=ence of local offzets in the ore due to fanlis
of small isplacement.  Allernating hands of ore and waste have
a similar effect, althoarh the method of overcoming the diffienlty
presented wny difler. _ : _ _

Ceensional large horses of wasle can umally be Tefit in place, and
the ore can be stoped oul avound fhem with any supported, stoping
method. When they ccoun: feeguently and wre relatively small in-
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dividually the problem is whether lo leave them in place, take them
out separately and lewve the resulting broken waste in the stope for
filling, or gend the waste out of the mine separate irom ithe ore; or,
if they cannot he kept inn place but break Jdown with the ore, to re-
move the broken waste with Lhe ore, thus dilnting it, ¢r sort the waste
from the ore. If shrinkags stoping were used under these condi-
ttous, Jeuving horses as pillars would e2use sume of the ore Lo hang
1p, with attendant less of ore and danger to the miners, and if they
are blasted cuf or fall out there is Do opportunily to separate orve
from waste und keep them separate in the stope. In nmarrow veins
dipping at steep angles, where horses of waste break away from the
walls vnd the walls are fairly strong, waste may be kepl scpurate
from, the ore by sorting it out, or broaking it separatély, and storing
it on lzgged stull timbers, C
Sometimes tebular ore bodies are offset by a series of oblique o
strike faults of smell displacement. This moy result in sections
of the vein heing thrown out over the back of lower sections, and in
mining upward from the hotlom the baclk of the lower seotions. may

be wealened, and the footwall side way bresk bacl to the wnderlying

stope when the npper soctions are mined.,  If the displacement along
the fault iz in the reverse divection, the offset in the stope may result
in caving of the lowsr ]ghurtiun of the stope and remiltant dropping
of the hanging wall in the upper portion, Such a condition existed
at a mine with which the senlor author iz familise and resulted in
abandonment of shrinkayge stoping in faver of cui-and-fill stoping
in tho narrower stopes and square-set stoping in the wider stopes,

TWhere the ore cohsists of alternading bands of are and waste the
choice lies hetween mining the entire body as 2 unit {rom wall to
wall and removing ore and waste together, sovting ore from waste
in the stopes, or %reﬂ,king are and waste separntely, I there are
several thin bands of ore and waste, i usually is not feasible to hreak
ore and waste separately. and the ability to sort in the stopes will
depend upon the size of the pleces into which the rods beesls and
whother the ore and wasta differ in physical appearance.

Depth below surfaee, natnre of capping and overburden, and posi-
tion of the deposl relative to surface hmprovements and drofmage
are factors that affeet suppert, If the deposit is Rarge and close to
the surfuce, the choice may lic hetween undergrovnd or open-pit
methods. However, this bulletin iz not concerned with open-pit
methods. :

GRADE OF ORE

The grade of ore or value per ton hus an important hearing vpen
the stoping method and musl be considered in relulzon to percentaps
recovery of ore in the deposit and cost of mining,

If the ore is low grade, considernble may be left in the mice in the
form of pillars, and the same care need not be ezercised to recover
a high percentage as would be advissble in mining o high-grade
deposit If such a. practice will effect apprecisble savings In cost. To
be more precige, if the added cost of stoping by o high-recovery
method agorepates more than the valus of the additional ore re-
covered then a lower recovery method weould in general be the more
profitable one to nze, However, the unit vajues of the ores change
with market conditions, and if ore is Jelt in the mine during periods
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of low prices so that it cannot be recovered luter a considersbis loss
may result during periods of higher prices when i might pay to go
tor grreater expense to obtain o gresfer percentapgo of the ore,

With gres shipped as mined without any bencficiation or milling
proecss the inclusion of eppreciable waste with the ore in the process
of stoping uanzlly reduces the selling prics considerably and increascs
the shipping cost by the dreight puld on this valueless material. A
clean method of stoping wold bo preferred under these conditions,
Tron ore i3 a good example of thus, as penaltics i price Inereasa
with, the ronfent of silics and other impurities over 4 cortain amount,
MHMigh-grade pyrites furnishes another example. A number of non-
metrllic ores ave nlso in this elass. :

. In caving methods of stoping there iz always some loss of ore and
some dilution of ore with waste. Where top slicing 1s applicable high
recovery and eclean ore can be obtained by thiz method. With
ghrinkage stoping, ore will be lest and dilnted with waste if the
walls are irregular or elough off readily. With cut-and-fill stoping
a high recovery can be obtaiied, irrepularitics in the ore body. can
be followed to a comsidernble extent (but not so well ag with square-
setting), and weste can be sorted wnd kept separate from the ore
in the stopes. With open stupes, scleclive mining iz possible, iean
or barren gections often can be left in as pillavs, and thers is con-
siderable opportunity for sorting waste from the broken ore, espa-
clally i deposits dippiog at low angles,

DISTRIEUTION OF VALUABLE MINERALI WITHIN ORE BODY

There are five principal types af Jistribotion from the standpoint
of their effect on the stoping method: (1) Uniforin, dissemibeation of
valuable mineral parbicles threughout the dJdeposit; {2) erratic
mineralization with the waluable minerals concentrated in bunches
througphout the deposit Hke phons in a padding, the smrounding mass
being low in prade or barren ; {3) bands or irregular and dHeconnectad
stringers of high-grade ore altcrnating with bands or stoingers of
wagte rock; {4} deposits in which there are two or more grades
pf ove, or two or more ¢lasses of ore, distinguished from each other
by the predominance of minersls of different metals, the different
urades or classes of ore heing associated rather closely; and (6)
depozits in whick; the boundaries are gradationsl—that is, whers
there iz 1o sharp line of demarcation between the ore and walls but
the ore decreages graduslly in value tewurd the bounduries of the
arn body. '

1, Where the valuable minerad is distribtited unifermly through-
out the ore body, o flexible selective stoping method is not essen-
tinl. In large depesits of this type, which commenly are of Jow
grade, such methods az block caving, sublevel r:a,ﬂnF., wnd modied

! fulfil require-
menls as to support and give the lowest operating costs offen can
be employed.

2 and 3. In deposits where the mineralizadion is evratic and is of
types 2 or 8 the first question is whether to cnploy a selective or a
nonseleetive stoping method. Tn selective stoping the slopes aro
confined to the bunches or lenses of ore, and carc is taken to mine ag
littla wusto or nencommercial material as possible. In nonselective
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nining the deposit is mined oub from wall t0 wall and the oo is
woparaled foom waste on the surface by hond sorting, milling, or
hath. _ '

‘In selective wining the ohject is to obiain a relatively high grade
mine product; this usnadly calails the uss of a much more expensive
stoping system. wnd high exploration and development costs in
segroliing for and developing the suparate bimches, stringers, lenses,
and baids of ore. Tt the valus of the ore recevered will bear theso
combined costs a selective methnd is worthy of consideratinn, In
freneral, selective methods wre ppplicable where the valiublo zections
of the deposit are rather lerge, comparatively Lew in number, and
sefrarpied by relubively Inrge volumes of wasts, Under these condi-
tions removal of the infervening hodies of woste would so dilute
the ore that it would be too low grade to handle and treat.

* In nonselective mining the object is to secure a losw cost, gunerally
by vsing a cheap stoping method combmed with lovge-scnle opera”
tiomiz. This method can be used in deposits where the individoal
stringors, bands, or lenses of high-grade ore are zo mawherous and
g irregular in oceurrence and separated by such thin lenges of waste
‘that a selective method cannot be employed. A very good example
-of thig praciice is fnrnished by the Alaska-JTunesn method of mining,
which willbe déscribed lator,
¢ The:selective methods of sloping are: Sguarc-sel stoping, open
stoping in low-dipping beds, and eut-and-ill stoping, Beme varin-
tinne of cuf-and-fill stoping are meore selective than others. Non-
selective methods include : Caving mothods, top alicing, some forms
of opon stopng, and shrinkage stoping undel moesl conditions.
4.'Td deposils coralinlmge bwo or more classes or grades of oro
selective stoping methods wre emploved if for commercial and cea-
- nomie reasens itz desirable to leep the varlenzclasses of ore separate.
It the diflerent classes of ore are vory closely associated so that
changes from one to dnother nre abrupt, 2 high degrae of selectivity
1g necessaly. Sgquare-sst stoping amd zome types of open stoping are
applicable. . Horizontal eut-and-Gill stoping may be used by pro-
viding séparate chutes for each class of ore, but this method 1s not
as {lexible a8 square-sof stoping.  Shrinkage stophyt docs nobl permit
sorting in the stopes. _

"8, In deposits with gradational boiyndaries a nonselective methad
may be Elnplltr].?_llad. for extracting moest of the ore it the ore body iz
widg and nniformly mineralized exeept at the boundaries. I the
marginul Tovw-gride material 1s thielt emnpured with the eommercinl
are 1f i3 advizakle to employ 2 method whereby the low-gmrade ma-
terial can he sfoped liter if marlet conditions change to such an
crient that ihrs becomes of commercial grade. If a caved-stope
method is employed it would nanaliy be imposzible, or at least un-
profitable, to attempt to retizen and mine the margioal ore. A ent-
and-fill, or filled sqnare-sot, method would uwllow a return to the old
workings fer recovery of this ore, but the cost of these methnds might

. be pronibitive during the earlier mining or be unjustificd by the
robability of the margingl ore ever becoming of commurcial grade.
_%’ﬂl&rﬁ 2 nongelertive method iz oheap and milling 1s not expensive
At may be desirable to employ sneh g method, taking out the best
of the marginal ore during the fivst mining and deliberately ahandon- -
ing the possibility of ever going back to stope for (he balance of it,
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EFFECT OF STOPING METHOD GN MILL REOOVERY

The mining methad may allect the pereentape of valuakle mineral
-meenvercd in the milling plant, especielly when certain zulphide orgs
wre treated by fotation.  Somow sulphi_i:s pxidize rapidly upow. ex-
posure to the air, and if Jeft Troken In the stopes Tor only a short
e (sometimes as little as £ or & days) the sulphide particles wiil’
agipire g thin fhn of exide which will mterfere with their recovery
in the fotafion planf, TIn such cases it iz necessary to eciiploy o
stoping method by which the ore can he rémoved {rom the stopes
amd sent trumedintely to the mill as fast as it ix beolen,  Inshrink-
age sloping the broken ore nseally remains in the stope for a long
“time, and the sniphide parcticles will filim if they are suscepiible to
oxidation. Umiler cortain conditions partial exidation of snlphide
minerals may ceenr in a colume of caverd o in bloek cuving to an
extent that will reduce recovery in the flotation plang,. o
With other methods of mining the ove can vaually be removed az
Tagh ws it iz rolen, '
ECDHOMIC FACTORS

The relation of some of e ceonomic, faclorg, la the P]"[v';-_;[cs.r,] churs
weteristies of the ore deposils wnd the geade or walue of the ore
slrendy has been disenssa], Co Coe

COST OF STOFLMV

Obviously if the valne of the ore will not cover the dosk'of mining,
Lrentinent, and transportation and leave a reasonable profit & ming
cannet continne to operate; in general, it may be gaid’ thet o low-
east: staping method 1x essentinl for mining low-prude ores, '

The eost of stoping is only one of the itoms in the eost of mining
{which, in furn, 15 one of geveral cosl tetns n the total cost of ofe
production) ; nevertheless it is one of the largest, anid uften the
Isrgest, single item. In thiz connection the cost per fom of dre
atoped iz important but not ag wmportant as the kil cost of produs
tion, (in¢luding mine operaticns, milling, transportation, and over-
Lead) per unit of motal recovered, as il Is not tong of ore but the
contnined metal which the buyer pays fur. A stoplog method:which
permils 4 low mining cost per ton of ore may result in w higher
total production eost per unif ol ‘metal recovered thun o stoping
method which has a lugher mining eost per ton of ore. The low-
post-per-ton method muy =o dilute the ore with waste that the com-

“bined cost of brealking, handling, tramming, holsting, wvrushing, and
milling thiz waste may be greater than the savini in stoping cost
over & higher-costeper-fon method. T the are i glip]}ad-dire_fet' tir
a ameliar without fist being conceulreted the freight on-the Twrren
mpberial must be added to the cost per unit of metal, and penalties
may Dbe impased by the smelter for treatment of ‘eres eontaining
consideroble impuritics '

.GﬂPI‘I‘EL AVAILABLE

The _ammmf of capital available may be important in detérmin-
ingl the method of stoping to be employed, Some meihods, partion-
larly block caving, require large copital expenditures for gencral
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development and stope prepuration before ore production from the
gstopes is begun.  Open sfoping and simple types of shrinkage stoping
relire comparatively small preliminary czpenditures for stope de-
vu?apment, a5 stoping ean be begun almnst as soon as the develop-
ment levels have peneteaied the ore bodics.  Snblevel &toping Te-
guires somewhat larger prelivainary expendilures than other types of
open stopes. * Modified shrinkege methods, stich as the method em-
ployed at the Alsska-Tupeau wine, reguire greater expenditures for
development thean the simpler shrinlage s¥stems.

CAPITAL REGQUIRFM KRS

Capite] requirements end rate of production are closely related.
If a mine iz to be developed fov a high rate of prodnetion, capital
expenditures for equipment. snd mine development on a seale ade-

nate to obizin such a rate ohviously will be proportionsiely large.
w-grade ores usually must be mined on a lnrge seale to obtain costs

. low enocugh to insure profitable minfng, and there iz ne escaping
large capital expenditures. . :

TFactors not releted to the method of stoping or. rale of If\)rﬂduc-
tion may alse make large capital czpenditures necessary. Thus, il
the ore hodies lie af proat depths or are scatitered so that a large
amount of lateral development is necessary 0 open them up, consid-
erable capitzl will be requirved to place the mine on a productive
hasis.

If capital is Hmited it may he necessary to adept a stoping method
that will hrirﬁ the mine into production quickly, with the smallust
pussible initial outlay. For exemple, limited capital may make 16
Dmperative to employ shrinkage stoping even though' sublevel stop-
ing, cut-and-fill stoping, or some other method iz better suited to the
conditions, would remlt in lower cosls, o would recover a greater

ercentage of the ore in the deposit with less dilotion.  Mereowver,
ack of capital might preclude t{m use of n cheap, nonselective min-
ing method ctherwise applicable to the deposit, beeause of the high
cost of prelimmery development and of an ore-dressing plant to
geparate waste from the ore en the surfaee. Trequently an open-
stope method is etnployed m small mines in preforence to shrinkage
stoping. beczuse the immediate demand for revenue doesz not permit
tying up broken ore in the stopes.

COsT O MiNE TTMEER

Availability and cost of mine Limber inay influence the choice of o
stoping methed in some digtricis.  Thus, if tinber is expensive, ok~
and-fill sloping mey he chosen instead of syuate-set stoping, slthough
the latier method might permit & higher perecntage of ove extrac-
tion. Again, the nature of the timber available locally _mi%l;-lt in-
fluence the choice between squuee-selting and top slicing. to
s]_mm% the stope timbers remain i plece only o short time anc
usually need not be of us good a grade v for squere-seiting; top-
slice timber may be auvailzble locally at small -cost, whereas timber
suit:lxblu_f{}r suarc-sefbing may have to be shipped in and mauy e
coatly
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MARKET CONDUTINS

. When changes occur in markst conditions'a mining method flexible
enolgrh fo moeet these changes (fmmptl}r iz an advantage, Changes
im eonditiens may call for sudden cxpansion or contractien v the
seale of operations, for changes in the prade of ore mined, or for
both. A method that will meet chunges in rate of ontput best may
nof. permit the desired changes in grade of ore mined setisfactortly.

Lorge expanzion of output in mines esmploying slow stoping
methods, such ns cutewnd-fill stoping and squars-set stoping, oo be
brought aboul. only hy keeping 2 large amoumnt of development ahead
of actunl sloping, so thet i o sndden increase in produciion is
demanded additional stopes may bo brought inty production quicldy.
The zame iz true with the simple forms of shrinkage stoping, with
top slicing and sublevel caving, and to 2 smaller extent with other
methods. ~ Advance development natwrally ties up capital m unpro-
ductive workings snd may entail considerable additions]l meintenance
gosl .

WiLl sorne sto iing sethods production {ren individusl stopes ean

}ﬂeau'nd, Thus, with =ublevel stoping, it is possible
to work a number of machines on each of the benches in the stope at
the zame time, whereas ordinarily only one maching would worl on
vach bench, or only two or three benches in a stopo wonld bo worked
sgimultanecusly. in other types of open stopes, parbiculurly if they
are lurge, production con be forced by adding is the number of ma-
ehines pormally employed in each stope. With block eaving best Te-
snits are obtained with a regular rate of drawing; the rate should nof
ba so rapid that it canses piping through of waste or that the caved
ore does not have time to break up hefore reaching the draw points,
o should it ba so slow 1hat ezcescive weight will be thrown on the
extraction openings aml thus reault in high maintenance coste, Within
the limits preserbed by these considerations expansion of output
can be forced to some extent with block caving. _

With most miningr sysbems, parlicalarly those employed n heavy
grownd, s endden contrastion nrale of output is apt to bring more
serions eonsequencess than an expansion. If cutput iz to be curtailed
by reducing the oumber of active stopes, 2 number of partly mined
stopes must be left standing,  With some methods of stoping and in -
somne classes of ground idle stopes will cave, with &ttengant loss of
ore or dilution of ore with waste, and Iater recpening may be expen-
sive and dangerous unless considerahls work has been done in pufting
them in shape for 2 protracted shut-down, Furthermors, underlying
and adjacent development and extraciion openings nay require gon-
siderable maintenance during the idle period.

I the output is curtailed by continuing {o operate all the stopes an
a reduced senle it may be possible to maintain them in good condition,
but a small production seattersd over a large number of siopes in-
creases unit costs for hanlage, handling materials and supplies, and
maintencooe,

Difficulties attendant npen cortailment of operations ns it afects
gtoping znd general condition of the mine usnally are less scrious
in upen-stope mines than in other types, since the walls and ore aro
strong and firm, and often the stopes will stand for years with little
caving or slabbing,
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Crszabion of operationsz for-n consideralble tiine in uneompleled
shreinlkage, cuf-and-fill, sguare-set, or cuve] stopes usaally requives
that moere or liss work be done so that the stopes will remain in good
condition for resumption of operations lnter. 12l‘he- backs of shrinkage
or cot-and-fil] stopes ray heve to be canght up with props, regular
gets, ar ¢ribs placed on top of the breken ory or flling,  Square-set
gtopei are isinlly filled completely (except for the neeessary ore and

wasie pasces and manways) before operations ceast, and some lining

gels and brices may hive to be put .

" I hlock-eaving sectivons, which are being drawn, cessation of draw.
Ing'iz apk to result'in the broken ore packing so thaf upon resumption
of, drawing considerable diffieulty will be encountered, and extraction
drifta and pillars between finger raises may crosh if the suspensiorn is
prolonged. S :

. With snblevel caving it iz usually necessary to complete cavieg
badk in all slices in whieh it has been begun and o limber scourely
any interveming slice drifts. With top slicing it iz necessary to
continue welive slives uniil no amall ydllars wre left between them
and the Itne helween the gave and the solid ore iz stralghtelnsd o ;
then, il Wl the slces are blasted down and cavéd fall, the mine
will usually remain in good condition for a copsideiable time.
“"When wide {luctnations in the demand for vre are anticipained
it ia, therelore, wise to consider their possible effeets npon the con-
dition "of the mine, and a stoping method which will b fexible
with gucdden sxpansion or contractim of operations ix desivable,
" The cffeet of changes in the prices of mata?ls upen the grade of ma.
terjnl which may be elwssed a8 ore has heen Couched upon in =
Pprevious section, where it was pointed onl that » flexible stoping
gystem which' will ‘germeit reentry into low.-grade sootions of the
‘mine during periods of high metal prices 1s degirable.

' FAOTGRS AFFEOTING RELATED MINING OPERATIONS

- Blopiug iz élosely related Lo ofher underground operptions, such

as-development, baulage and hoisting of ore, procuring pnd handling:

fillingr, and hardling timbers, 3rill steel, and ofher supplies
PR DEVELOFMERT

It has been pointed oul that some stoping methods reguire con-
=iderable stope developtment before the stopes can begin to produce
gre and that, tf cupilal i not awailable Tor sech development, a
gtoping method reguiring less preliminary expenditumre may have
to e employed, S ) ' )

.. Development and stoping also are related as regards the adapla-
tion of the development Ef:m to varintions of each general slopine
method.  Thus, in & wide, steeply dippng vein the e may be
atoped by either of several mﬁ!.hudy . the ore being mined in fongi-
tiviinal stopes faking out the full width of the ore or In o serics
ol traniverse stopes.  In Lhe former the lunlsgeways will consist
‘of one or more Iongitndinal drifts in the ore or in the walls on
cuch level, whereas tn the latter a series of extraction drifts driven
across the vein under the stopes and connecied to o main Tongitudinal
hauisgeway will be reguired,
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In other-instances the general scheme of developing luvels may be
the smme or sinflar, whethcr sublevel stobing, ‘shrinkage stoping,
aut-and-Aill stoping, top slicing, or sublevel caving is employed,
whereas the development details may be quite different. A simple
shrinkngé stope iz nsually duveld) m‘ly by & simgle longitudinal drift
on the footwall on each level, whereis with cut-and-fill stoping or
gquare-selting it may be desirable tu}ﬁff‘:ﬁ‘idu n sepurate hanging-
wall drifi forr intreduction of waste filling, particularly it the Jdip
of the vein iz flat.” The shrinkage stope would he provided with
o’ series af comparatively clogely spaced chufes for drawing off the
brolen ore snd with only doepsional through rajses to the level
ahove for travel of men, handling of supplies, and ventilation: theso
raizes are frequenlly put theough from the back of the stope wiier
stoping hus heell going on for some time.  Cut-and-fill stopes bnd
aguarc-get-and-fill stopes usnally require that gt least one raize be put
through o the level above for introducing filling before stoping is
begun, and. o hulober of such ruises may be reguired for each stope,
the distancs between them depending upon the details of tle stoping
practice. The distanee. belwesn ore ehmtes in citand-All stoping
vuries with the details of practice but nsnally is greater then in
ghrinleyre stoping. : ' '
© Bublevel sboping, soblevel caving, wnd top stemg requive con-
siderable sublevel development, as doos the mub-level-inclined varie-
tiom of the cut-and-f1I method, and the amount of this and of raize
development will depend upon the details of stoping practice, as well
ag upon the size apd dip. of the ore body and the general ctoping
method employed. - . -

. The vertieal distange hatween the main heulage levels also nifeots
or is -affected hy the stoping practice. It usually is necessary to
adopt a comparatively shork level Interval to prospect and devclop
erratic ore hodies or veins thoroughly, whereas if the are bodies ars
regular und contipuons from level o level the. interval may he con-
siderably greater. I+ the levels arte.close together (he Lieight of the
stopuz between them obviously iz eorrespondingly shert. - If the
stopes arve bogun some Qslance above the back of the level, lenving
ar aveh pillar over the dreift and. under the bottom. of the stopes, the
clizctive stopinyr height.fs redoced further. If a substantial {loor
pillar also must be %:ﬁ:-_ helow the Jovel above, the stoping Beight
will be reduced -still more, and the cosl of development per ton of
are stopwd will be high. The effective stoping height, and.: hence
developient charges, ave reduced by increasing the level interval,
we sloping directly on level timbers, and by veducing the thickness
of the floor pillarz, Where the haulwge deifts ave in the footwall
or the vein 1s marrow and has strong walls so that the stopes und
tracks can be supported on’stull fimbers it may be possible o stopa
throngh from level to level withoutb leaving areh or Hoor pillars, thus
oblaining o moximim stoping height and » minimvm of developrent
per tom 'of ore stoped.. . o o . _

Bometimes a given stoping method may be wpplieable if the Iewel
interval is shart which eould not be used if the level interval were
longr, Thus shrinkage stoping might be preeticable with e short

GE[ interval, us the stopes ean he guiclly eompleted hefore ex-
postre Lo the air has had time to ecause slucking and slonghing



a8 | STOFING METHODS AKD GOSTS

of the walls, whereas with o long Interval it might be necossary to
nzo cub-and-fill stoping. hecauze the stope wulls would slah off and
got Lienyy hefore the stope evald be mied up te the top und the
brolen ore drawn off. For similar reasons the nze of a rapid stop-
ing methaod by which each stope can be developed and mmed out
quickly would perinit o greater level interval in some instances than
wiotld] 2 slow stoping metlod, thus redueing Lhe amonnt of develop-
ment per ton stopel. _ o

Where top slicing or subleve]l cuving js cmployed soveral different
methodz of development can he nsed which are g]m-'_crned not onl
by the physicel characieristics of the deposit but aiso by the methe
of handling the ore belween the stope faces and the hanluge level
and by the melhod of driving the slice drifis, Some vuriations re-
guire only « comparatively sowll munher of raises, while others
require more. Likewise, the details of practice in sublavel caving
largely determine the number of hanlage crosseuts, main ore pusses,
and hranch raises. _

The foregoing discussion indiesles hricfly some of the ways in
which stoping methods and their varistions are related to mine
development. The section vn stoping wsts includes a table owing
the amount of development, work required at t¥poen] mines and s
eost per ton of ore produced by differenh stoping metholds wnd under
various conditions,

HATLAGE AND HOTSTING OF ORE

For efficient operation, ore broken in the stopes must be- trammed
gAd holsted as econcmically ns possible,  Up to a cortain point con-
centration of stoping eperaiions within a small section of the mine
iz desiruble, bat if carried to extremes it may result in congestion on
the haulageways, Up to ihis point coneentration of operations is
favorable to low haalage costs, as hatlage wmits are kept busy, ton-
milenge is reduced, and supervision of hanlage is facibituted.

Somo methods, such as sublevel sloping, cortain varistions of
largeseale shrinkage stoping, aml Wock eaving, are pdapted to a
high output from individnal stopes. In tramming from sueh stopes
#n entire trail or sevelal Leains in succession may be loaded from
a single chitte, whereas when the production comes from a Targe
nmirmber of chutes or stopes scattered over 4 wide aren considerable
switching may be necessary to obtuin a trainload of ore, which
obviously adds to the havlage costs. _

With some methods of stoping in which production iz intermittent
pr-only a small production can be obtuined daily from. each stope,
a large ramhber of atopes iz necessary tn mainfain a high rate of
production fram the mine. Thus i some variations of cut-and-fill
stoping production from each stope is intermittent, and no ore is
drawn while lhe stope is being filled. Tn other vaviations of this
methed, hreaking and removal of ore and filling are continuous op-
erations, ons opergiion gomg on in part of the stope while the
others are being conducted in other parts. :

In shrinkage stoping only about 40 percent of lhe ore iz drawn s
1t 15 broken, and usually enly a smazll amoont of ore 15 drawn daily
from_each chute hefore the stope has been complsted and final
drawing of ihe broken ore is begun.
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Whaore tnﬂ-nuﬁ'mg. diztances are short and only a small tonnage is
drawn from each stope at epe time hand tramming oficn 1s the
cheapest method. Cn the other hand, whero large tonnages must be

-drawn daily from individnal stopes or where the hanlage distences

are long, some form of mechanieal haulage iz nsually the mosh eco-
nomical, :

Sorne stoping methods requirs the ore to be drawn frequently but
only in small amognis at a time; as in shrink stoping prior 1o
final drawing, or in lop &icing and sublevel eaving alter the active
glices have reached an clevation only a short distance swhove the
havlage level and the eapacity of the ore chutes is therefore small.
In the latter instance, the chutes must be kept empty so (hat opera-
tions will nok he retarded in the slices.

hen ore i5 hauled te tha shafi in lavge tepins and the hoist is
taxed to handle the required tonnage, shaft pockets of emple capacity
st he provided for storage, so that the trains umy be dumtf.fl
quickly and the empiy cars returned to the stopes and se that
hoisting will not be delayed.

From the forcgoing it afipenrs that the stoping method may deter-
mine the method of {ramming and the hoisting facilities nesded and
affoct the cost of haulaga and hoisting.

TULTING MATERTAL ARD SUVRLIIE

Where cut-and-8Bil or square-set-and-fill methods are employed fill-
ing must be available when and in the amounts needed. In some
instanees enongll waste may be provided from sorting in the stopes
and from develepment headings in rock, In other instances flling
from these sources may have to be augmented by waste material
from spevial waste stopes, surface guarries, surface gravel pits, or
mill tailings, or it may have bo be snpplied entirely from such sources.
In deciding upon a filling method of stopine, therefore, it is tm-
poriznt to consider the wvailable sources of filling material. Some-
thres n source of cheap filling material may be readily availabie,
but the procurement of fllingr malerial has besn a serions problem
at sOMiC mines. : :

When flling is procered from cutside the stopes its transportaiion
arid handling o and in the stopes sometimes are problems, The
haulage of waste and ore through the same drifts may complicata
hauluge sinee, unlass speeial provisions are made, tramming of wasta
may interfere with tramming of ore and vice versa.

Hundling timher and supplies in congestad hanlagewuys umy fur-
ther complicale underground transportation and hoistimg. If u largs
wuount of timber is required due to the stoping method in use, 1t
may be necesary to provide a special timber szhaft, or a speeial
timber compartment and eage in the mell heisting shatt, to avold
delars and congestion, .

FAFETY, AEALTH, AND WELFARE

Tha largest singls canse of serious accidents in underpround metal
mines hag been falls of gromad. Prevention of accidents from this
canse io possibla only if the stoping method affords adequate sup-
port for the ground and protection to the workmen at the working
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face, This point was stressed previously when it was pointed. ot
that the basie factor 1o selecting o stoping melhod is stope support.
Acgeident-prevention work docs not cense, howaver, with the adoptien

of # sufo stoping method, us recidents will gecur with any stoping

method vnless sale pructices are employed in every detnil of the
work., Neveribeless, if the penetal stoping method 1s wot the safest
ona 1o 1se in o partieular indtance accident prevendion is impossible,
no matter how 1much attention is given to details of practice.

1L s not within the seo pa of thiz paper to dizciss the safety, healtl,
and welfare of the workmen, and much that will oeenr to tha reader
or-thse subjects will romain nrisaid. Thefr importanes Iz Tecogrized
by all operators loday, and it is trite to spy that the welfare of the
workmen andd theit families depends upon safety and health: in their
oceupation. It therefono Is neceszary in sclecting 2 stoping method to
eongider ibs eflect pn tho safety and health of the mern,

The stoping msthod may afleet not only the accident rate but also
the miners’ health, IF the mining method and details of procties
enistl poor ventilation at the worling face the health of thé men
will e tmpaired: by worlk in air defieient in oxygen, high in fempera-
ture, laden with hormfel gages produced by blasting, wnd carrying
2 high dust comt, o : . . :

Good venttlation ean be obtaitwed with any of the prineipal stoping
systems bk can be provided more eazily with some methods than
with olhees,  Open stopes wre usually casy to venlilute, and ordinarily
natura] ventilation is wll, thet is required, sxceplt perhaps at great
depths below the strface, Rhrinkage siopes, cut-and-fill stopes, and
square-set stopes often are -not ventilated as easily, as others, buf

good Fentilation ean be obtained by means of an adeguate nmmber |

of apenings large enough to permit eircnlation of air from the level
below the stope Lo the stope Tace. und From the stope Tace to the level
above, " Foreed ventilatlon may o may oot be regoived. . . 5.

In hlock eaving, ventilation. mmust ?)e gupplied to. the boendary
shrinkage stopes 1f guch stopes wro employed, to the undercubting
level, and particudarly to the grizzly. level snd draw peints where.
eEressive d}ust alten is producesl.  Suitable aresngementsz. eun he
provided for circulation of air in all these places, und forced ventila-
tion may or may uot be required. o L _

Slices in -_mlbfevel—naving-_ and lep-slicing methiods are perhaps the,
most diffienlt faces. to ventilate. " Forfunately these methods have:
Timndd their preatost application whers. the mines are comparstively-
coul {excopt where the mines are’ deep and » thick timber mat which
generates heat has:acenmuolated) and the ore 1s damp and produces
cemparnbively Ditfle dust. Xn caved slices there is no divect outled
Trom the face o .the level above, or other separate return for the
air eoming o the face, and fens mav be required to blow wir o,
individual faces.. . . . .. . . : S
SUMMARY ] ) . .

I'rom the foregoing it iz evident that although, after considera-
Lions of gafety and health of the miners, support is the bosie factor
in selecting a stoping method the importance of many other factors
marat be eonsidersd and wctig:'hecl belore the best pethod or msdheds
for any partienlar ore deposit can be determined. Thess faetors gre
interrelated amd frequently piesent o coniplex prablem.

NI
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DISCUSSION OF DIFFERENT STOPING LMETHODS WITH
EXAMFLES OF PRACTICE

The different atoping met-hﬁﬂs and their vnriati&ﬁs can be deseribed -
nnd dizsenszed best by presenting examples of practice, together with.

cost ond unit date obfained from actual mining operafions.

Tn ilils section each prineipal stoping method will be described, il-

lnstrated, and discussed separately, its inherent advantages and dis-
advantages. will bo peinted out, and vxemples of practice and cost
data will be giver, with the mining comditiens under which the
method iz applied. U .
: o OFEN BTOFIKG

Tha simpleat-form of stope 1s the open stope, in which the entire
ore body is exeavated from wall 40 wall and from top to holtom
without lueving any pillars of ore, as shown in figure 1 (p. 5),

" which depicis s amall, nesrly horizontal ore body with irregular out-

lines. Tabular ore bodies dipping at steep wngles may be mined
from wall to wall and from bettom to top, but in such deposits the
detnils of operatien diffur srmewlat and are not as simple as in

flat: deposits. Lo steep ore bodies stutls and staging must he inzkniled

for the men to stead on while drilling, _ . -
. In flattor, tabular deposits handling of the broken ore iz an added

problem, il some support may have to be supplied to the hanging -

wall, as & large ares of hanging wall may be vxposed, even though
the ore body 1z thin,  Such.sipport may be supplicd by pillars or
studl tanbers,

_In large, horizontal or fluily dipping, irvegular dépusits.whem:

pillers are left to support the backs of the siopes the ore is stopad
a5 in stunldl deposits of the type shown in lignre 1, each area betwern
pilliss being cqnivalent to a small single stope similur t'that shown'
n the figure. - Figure 3 {p. 8), in which the biaclk areas ropresent
pillars, iz a plan of anch o deposit showing the stoped sveas with
the houndaries of the orebody and the pillars. '

OFEN STOFING IN HORIZORTAL UR FUW-THEPING DRE BOLTES

Deposits -dipping at angles ao low that braken ore will not run by
gravity on the fooitwall wre plueed in this category, Often develo)-
ment and preparation for sioping in deposits of thiz type, mined by
open-stope methods, are quite simple.  The outlines of the ore bodies
nznally ave ab lenst partly determined by drilling or test pitting froa

the surface hefore underground work 1= begun, snd theiv develop-

ment requires merely the sinking of a shaft in or near the ore Lo the
bipttorm of-the ore hody and érossculiing to the ore 1f the shaft is
ontside the ore boundarfes. As soon as the ore i= penetrated a short
distanee stoping can be begun, and forther deveﬁ:prm:nt i# vurried
on simultancousty with the staping, or the ore even may be developed
from the stope faces as they nre advanced. : -

" When the ore i3 not more than -abount 12 to 14 feet thick it :is
usually stoped out frem top-to bottom in ome slice or breast. In
thicker- ore it iz customary first to tale out a slice or heading ¥ or 3
feet hizh diréctly under the top of the ore and then to hench or stope
devwn the ore between the hottom of the heading and the bettom of

CAMEAR R — ¢ T ' ' S g
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the ore or floor of the level. The heading iz kept a short distance in
advanes of the beoch or stope.  This gystem 1z termed * heading and
bench ¥ ar “heading and stope” mining, Bome stopes have been
"mined in this manmner to a height of 200 feet. Where the ore is of
medinm thickness {14 to whout 20 fect) a slice sometimes is breasted
out first along the bottam, then the upper half of the ove ia drilled
and blazted by slanding on the pile of broken ore from thiz breast.
The heading and bench gysiem is the most eommon method, however.

Fhen the ore s thin enongh o that if can be talken from floor to .

roof in ane slice the stope is advanced by Jdrilling and bissting like
the heading in the heading-and-hench sysiem.

Figure 12 shows delails of typieal heading-and-bench stoping
practice. Figure 12, A, shows slope or beneh holes drilled flag from
the stope fuce, This is the usual practice in the T'ri-State lead and
zine disiriet where the ground i=s seamed, vuggy, and fractured and
where flat holes are more easily drilled amd cleened than vertical
holex and fewer holes are lost due to sluck steel.

Figure 12, B, shows stope or beneh holes drilled neurly verticsl
from flat benches. This practies is typical of the Sonutheast Missouri
iead district. T

Figure 12; ¢, shows vertical bench holes where the heading is
driven in steps, Flpure 12, D, pletures o heading and stope in the
Trifi:ﬂm lead and wmine digtrictk shown disgramatically in figure
13, 4,

:thre. flat benches are carried, as in figores 12, A, and 18, ¢, and
holes are drilled vertically, muck blasted from the heading will pile
up o the henches, and the latter musl he cleaned ff Before the
benek holes can be deilled, Where the holes yre deilled as in fipures
12, B, and 1%, 7, the splitter holes usunlly enn be drilled withont

mueh cleaning of the stope faee while the muck is being shoveled out
Ircem the tee of the stope.  The dralling syeten o be nsed, hawever,.

depends prineipally npon the way the ground drills and breals
ITnies: the character of the gl"DI]lli]}iH soch sl beneh Toles are itr-
practicable they usvally are cheaper to-drill, ws hand-held pluggers
can be uzed and no drill mounting is Toguired,

The broken ore iz loaded into cars and trammed to the sheft, It

iz loaded by hand shoveling, power shovels, or power scrapers. I

the tonoage of ore broken by each stope round is small hand loading.

may be Lhe most economieal method, in which case Ineding tracks
st be moyed or lenpthened frequently to keep them close fo fhe
muck pile. Figure 3 (p. 8) shows the track layout in a Tri-State

district mine. 3

Where encugh mmck iz broken to keep a loading machine busy
power Ioading usually 1s cheaper than hand loading, unless labor
15 vory cheap or mieh socling of waste from the ore is reguired.
If shovel-type leaders are employed the tracks must be kept cloze
to the muek pile, and unless the stope iz very high they will have
to be poved or leagthened frequently. IE scrapecs are emploved
truckege anly necd be changed occasionally, as the ore can be drageed

peomomicully to a central loading point from faces within z radins

of 160 to 200 feel or sometimes considerably more, TFirst cost of
seraping equipinent is neually only one-helf to one-fifth as preat as
that of shovel loaders, while power and lahor coats are nsually about
the snme. The largest single itemn in scraping cost, asids from
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Tuhor, ig ihat of replecing drag cables: other maintenance eosts ave
wsnally lower for seraping cquipment than for power shovels. How-
gver, some operators prefer. power shovels Lo serapers for the partien-
lar conditiens undsr which Lthey operale, :
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Hand inading generally has been preferred in the Tri-State dis-
triel, although one of the carliest serapers for underground work
in the Unitcﬁ States was doveloped there, A high output per man
has always been obtained by hand Inading, and as many of the nuines
have had a short lifs the outlay for power loading equipment has been
congidered unjustificd,  To some of the larger and newer operations
of the district power loaders or gerapers have been installed or their
inztadlation 1s plenned, and with-a revival of mining more mechan-
ical lording probubly will be done in the future thun. it the past.
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In the Bounthenst Missouri lead districf miost of the loading ‘iz
done by power shovels, which are prefsrred fo scrapers in that
riglon, At Mazcol, Tenn., surapers are preferred t6 power shovels,
angd very littls hand loading iz done. : oo T

Where power loading is practiced efficient operation depends nupon
adeguate cat supply and transpovtation facilitics to avoid deluys
in lomdings Iarge cara and mechanieal hanlage ave pieferred,

Figure 13, A, depicis an elactrical shovel loading [rom the toe
vl stope in the Tri-Btate district and Lgure 13, 5, hand loading

I U T A0

=

Elugtrfe eheek

Frsuen 1 —Llmalng on: from heading-and-benel slopes in Tel-Stage Jistrisk; 4, Loading
LF electrie sbovel: B, hengl leading,

m the same disttiet.  Note the “ cans ™ info which the ore ix loadwd.
These cans hold only 1,200 pounds of ore and are nob large snongh
for the most economical use of power loaders. :

Figrure 14, A, shows a special type of electric shovel loading nto
enrs 1M o stope in a southeast Missouri mine, and figure 14, £, a
seeaper loading from heading and hench into ears which are run
nnelet a leading slide.  The lalter nstallotion is in a large timnel,
but the same method eould be applied in stoping. ‘The muclk iz
dragged frow the heading over the edge of the bench and then
drageed from the bottom over the slide and into the cars.

Figure 15 shows 2 aeraper dragging ore from a.stope into a mill-
hole at Mascot, Tann. T‘_}-’hen the floor of the stope iz at the eleva-
tion of the haulage drift the same equipment is used, to drag the ore
from the stope to o Jonding slide, : ' :

| TRET-BFAYE DIRTEICT

Nearly all the -ore rlefms‘l.ts. of the Tri-Siate district are in the
Boone formatien -of lower Mississippian a.%c. - Thiz formation,
believed to hive heen originally 2 Hmestune, nas been delomitized:
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and silicified and iz now made up of fat-lying beds of limestone,
dolomite, sad chort, nodule beds, and one or more colite beds, The
exq:rlnitccf part of the Boone formation has been dimded into 16
digtinct beds, ranging from 4 to 55 feet in thickoess, of which 6
have provided the prineipal ore-bearing lLorizons, All of the ore
deposits are relatwd te structural features und occur in zones of
shearing, shattering, and breceiation and where there hes been con-
siderubfi gilicicution of the original Hmestone. Muost of them' lis
within a horizon 200 fect thick, althongh a few high-grade but wmall
deposits extend upward into the overlying Chester formation. They
acenr at shallow depths, the boltom of the ore seldom heing over 250
feet helow the surfuce and nseplly not over 800 feet. The fop of tha
fovorable formation nsually is 95 to 175 feet below the surface, The
ore heds range in thiclmess from 5 to 22 feet.  Only part of the bed
may contain ore.  The latera] boundaries of the ore mdics aie Tery
irregular, and the line of demercation batween ore and waste may be
guite sharp: in many instances, however, the transition from ore to
wasle ig graduxl, The height of the ore varies widely, and indi-
vidual ore fnces range from & or 8 to pesrly 100 feet in height.
Slopes 50 to 60 feat bigh are typical of the districi. The vre min-
vrale arve gphulerite and galena, and the averuge zrade of ore mined

in the district over s period of several years has heen around 414 -

pereont of metallic zine, with a smaller percentage of Jead,

The ore and walls wsually stund well, excepl in rebhly or bouldery
and badly fractured ground, or where the roof is shaly., Unsup-
‘poried spans of 3 to 60 feel wre common i the stopes.  Pillars of
ore &0 to 60 feet in diameter and 40 to 100 feet apart from center to
cenler are laft to sopport the roof in the wider deposits. From 15
to as much #s 40 percent of the ore I3 left in pillars on first mining,
depending wpon the neiure of the ground and the leight of the ore.
Ultimate extraction wually ranges from 80 be 90 percent, Many
of the mines have been small, and mines of 400 to $H0 tong capacity
per day have been iypical of the district, Recently a number of
much [arger mines have been developed.  Some mines are equipped
with cars, but loading inte.cans of 1,200 pounds capacily and hoisting

the cans to the surface in small shafts has been standard practice for .

MUY Foars.

The methed of stoping by the hewling and stope-hole system has
heen desceribed plveady. Figuves I, 3,12, 4, 12, 2, and 13 iJlustrato
practics in the Tri-State district. Most of the ore 15 loaded by hand
and either is hand-trammed to the shaft or hand-trammed Lo o lay-by,
whence it iz hanled to the shaft by mules or locomotives.

The averagy stoping cost at seven typical mines in this district,
taken from fgures reported for diffevent periods from 1827 to 1930,
inelusive, wag $0.504 per ton. The distribution of stoping costs is es-
imated as foliows: - :

Cogk por tosx ffagt par tou
Labor, hrealtiog_ _______ S a0 144 | Explosives e $0. 104
Loboer, loading o __ -129 | Power (for power shoveld)ooo. . G0G
Znperrision - - (G [

Uompresged  alr, “drllls, drilt Total stoplog cost, Lhd
#leel, nud adr Mnes___;cames Ml
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At five of these mines the daily output averaged 400 tons per day,
at one it was 725 tong per day, and at another about 1,200 tons per
dey. The stoping cost ranged from 45 to 55 vents per ton. The basic
figuras from which these dats wers taken did not sepurate the devel-
opracnt and stoping eosts, and the development hias been estimated wnd
dedueted from the total to reach the above flgures, Mand iramming
was meluded with loading in the original figures, und the aethor has
deducted 25 percent of the reported lowding costs arbilrarily for
tramming.. The custs given do net inelude tramming, haulage, hoist-
ing, pumping, and general charges and are helieved to spproximate
actual gtoping costz ot lypical mines of the distriet from 1927 1o
183, inchisive.

Wage rales varied ai differont mines with the selling price of mine

voncentrates and were as follows:
etr per Bduoier ETdlE

Morhinge ronners — " e "L B5 t 3475
Marhing helpels ———— e ————— S MEAE o 4.85
Irammers and mule qrivers_ ————e SRR, NN | I PT W1
Bluekstailths e o __ 4,25 to GO0
Hudslmen e 5.7 to 075
Liovomofjve operatecs. e 423 o {400
Locongtive hrakemen—____ . B0 to 375
Fowdermen e : SV N | ¢ B T T 4 0
Roof tHmmers . am— _o e &MY ) 4 TH
Trackien - e 4,25 fo 440

" Hbhovel operators e e——— : 5.0
whirel operators onocontrael——- ... o _____pPeronn M. Rl
Hand lgnders on C8EDot oo e _de® 0 L0BD o 4
Huod logders on eonfroct- e AL r— a5t L4156

7 1 mine, S50,

1 alue, 28,00,

U800 ponnds of woe.

The productivity of stope labor at the seven mines, messnred in
man-heurs per ton, is shown in the following table. The figires in-
clude g litkle developiment work in some instunces, but the amoeunt is
so small ihat i does oot affect the stoping liguees serivusly,

Froduetivily of stope Jalor

KInu-hour pee oo of 560 piag

Fawrer-
g . Tums
! - |Eand cacn- iyl i
ThreutkLisgt {ﬁ'ﬂ'ﬁ] ming Lo uﬁﬂﬁé gl | TEDAHEE
FEaU L] ming Irom ,

Ahpyils
L 377 L mag LIAE ) 0'rE na
e L2 R | (L35 F .&la i
lzm LE com | AR Loz 159
3] LM LB A9l ik
= 2181 LN 1. 154 7 18, 7
R 2 .nau-r e 1' .nn-lll 4.4

1 Aviyngas hand ood peiver-shoval leadiug nod ieammlog, 6270
1 A merpa Jeand obd power-sluwyes Josdlopr sod Urnemiog, 0,150,
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Censumption of explosives at the different mines was aa follows
fthe ligurps inelude a pmall amount of  powder consumed in
development work) : T

Punady pér
Ane Wbl gndf apade af esploaive i irgfdn
1 L - SO SRR N 111
2 Awmwmonin, 3% peceent o _____________ : U
3 Gelobn dynfmite, 20 pereent_ - .. ___ .. _______ .BTH
"4 Golalin dynamite, 30 pereend . _________ _ _BH
0 Almneniy, 4 poreent.. - N fmem B
G Geltin dyoamite. 30 pereent - _____..__ . TH
T Ammodeia, 40 perosnt o e il 1130

Turther delails of practices and costs in the Tri-Slafe district are’

given in inforination cirenlars deuling with individual mines.’s.
BIrIHIAHT MESSOURT DIETTICT .

In the Southenst Missouri lead district the ore iz mined in open
stopes by the hewding-and-beneh syatem. The ores are found in
secdimentary rocks of Middle Cambrian age, chicfiy in the Bonnaterre
limestone, which eonsists of ahont 400 feef of mupnesian limestone,

some of which is argillaceous and dnterbedded with layers of dark
gray and black shale. ' The Bouneterre formation rests upon tho.

poroue La Molte sandstons and is capped by the Bavis ghinle, which
1x whout 160 wn 200 feet thick, The ore-bearing beds ave nearly
horizontal, althongh they ip up to 20° loeaily.  {hulens is the prin-
vipal mineral, but st o fow places enough sphalerite cecurs to make
it, profitable to produce both Jead and zine concentrates, At other
places there iz no zing v the ore. The ore is found principally in
the lowee 200 or 150 feet of the Bonmeterre Iimestone, although it
oceurs ab various hortxons from top to hottom of ihe formation. In
gome places the workahle hovizens are zeparated by barren ov Iow-
grade rocl, and al others the deposits are workable over eontinuons

L Muteebnod, Wm. F., Metlod and Coszé nf Mindug Elne mod Lead sé Koo 1 Aine, Tri-
Btiue Xing gnd Lead Distriel, Picher, Okl 3 Inf Clre. 0113, Forewn of Mineg, 1928, 131 %[).;
Mutlod nnd Cpet of Mining Sine and Lead ar-Bine No. 2, WS Ly le Dserler, ‘Ploher, Ola, -
Inf. Cien. €331, Hwroawm of MEscs, 1I2H, L1 pp : Method and Cozst of Mlsdog Fae apd Lewd
ugz%lu.”? Mine, Tel-ftate Dlerrier, Crestline, Eanang: il Cire, GET4, Bureaw of Aliwrs,
T, £ . )

Eanke, %enn AL, Minsng dlelhodz and Cests In the Waeo Diatrbet @ Int. Clro, $150, Ty
ol Mines, d92, 11 PO

Keener, Oliver W, Meilod gnd Qest of Minlur ot Buer Mine, Tri-8tale @i aod Tasl
Tatriet ; Inl. Cire. 5150, Burean af Mines, 1990, % g . Metbods aond Coste of Aindne il
l:}zﬁhrﬁerdﬂlénnthnm Mine, wri-Sence Zioe and Lewd Diatriet @ Inf. Clee @255, 1900, Eitrag
u nes, B : .

ndereo, %!El'l K., Minlng Mpthofs nnd C2oste at the Intevatwls Zwe & Tead Cofh
ﬂmflur Miuwe, Tri-Btare Zing nud Lead Dstelet: Inf Clee. G656, Burenn of Xioes, 19033,
g
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heighis of 200 feet. The galens vcours disseminsted through dalo-
mitie limastone and shaly %J-cl:lst in horizontal shests along bedding
planes, in vigs and cavities, filling or lining the walls of juintz an
_crevices, and as aprregates of cubes In channels and joints. The ores
average nboul BL4 porcent. lead, although some are much richer
The ore bodies are irregular in plan and elevation. Figare 16
shows a plan of o porlim of the workings in one of the mines and

T T T T

|nfiats serators
o 10 focT, sy %

1usa 16.—Flun of oorthon of mine worliogs, Soulfheast Misseorl lead dsbeict;

]

i
. L I J | L.
figure |7 cruss gections of the same workings. Stoplng widths range
from o fow leet along some of the wpper, narrow Lractures to several
hundred feot, Sowe of the ore bodies are 700 ar 800 feut wide and
1,200 feel long. In some parts of the district the ore bodies are
almest continuous for several miles,

The formation varies considerably in strength in different locali-
ties und different seetions of the swme mine but on the whole is very
strongz, and the rootf often will stand over spans of 100 feet between
pillars, although the nsual epan is 40 {o 60 Jeet, The walls are of



STOPING MAETHODS AND

COETHR

50

SRTTETD PRl TILOEM] M JEERIRI0g BT YO0 RepladE— LT Eunong

a.%ﬂ ——————— THAST DT a0 T3 DA .
e e i TR, RO MMy penr aq e — a
[ SO i H 1
i i - S, s T F ’ H
R — RREEET A ) o | L. ] m|||||||ﬁlh
AT TSI T IS i 1 T o =
— /d [ | —— S s | vaiy
./N LT
= m—- i !
ity g B9 o A
o
G -
. =¥ UREg_ s - ¥
[ SR :
. . [
ST R R bt e e i £ s o e sty —esmme——— e T ! -
q... . pummda | wniefems el patpdyery Ty N A g | 0 I
e _J s = T q‘_ 1 7L | W _ r
[ s |
oz .




DISQUSRION OF DIFFERENT STOPING MRTHODE 31

the same character as the orc, pnd the ore-bearing areas pass laterully
inte barren rock, in some places abruptly amil o others gradunlly.
Irregular, ronghly circnlar pillars arve used to support the roof in
wide ora bodies. IJ.‘Ldividuuf stope Taces range from ¥ to 200 feei
o moTe 1o height, At present most of the production comes from
depths of less than 750 feet,

The oreis stoped as previously described by deiving o heading
ander the lop of the ore and benching the stope face down to the
level. (Sve fig. 12, .} The stope iz breasted out: the full width be-
tween pillars, and when the fuce rewches a pillar sren the pillars
are ® turned ¥ a3 shown, braneh stopes heing driven to right and
loft bubween pillars. T

At No, 8 mine of the S, Loulzs Smelting & Refining Co.® the
ground iz strong but bresls well and is drilled by one-man, wet,
jackhammer-type driils. The heading iz earried o to 8§ feet high
%lirect-lgr under the top of the ore. At thiz mine the pversge height
of the ore is about 20 feet, the maximnm being 35 foel. Iloles ave
dvilled £ to 18 feet deep, starting with o 1%-gage bit and decronsing
onc-eighth ineh for each 5-foot change in steels, Stope holes carry
3 to & feel of burden and wre blasted with 85-percent gelatin powder.
Comparatively little blockholing Is necessary, 25 the ore hreuks well.
An entire cyele—drilling, blostimgr, wnd mueking—is eompletad] each
working shifl. Eech tommage conivactor is allotted a stope and Is
responsible for the safely of the reof and pillars thereing no roef
trimmers wre emnployed, except undsr unusnal conditinons.  The com-

any furnishes all aupplics dnd cqnipment necessary, and the deiller
fmd}s and fires his own holes and is paid a stipulated price per ton
of roclk broken which varies with the height of the stope. Bofls hand
shovelers and power-shovel operalors work in pairs on s tannage
bagis. At this mine the ore is londed direct intp either 1- or 2-ton
cara and hueuled to che shaft by trolley locomotives, A mechanieal
loader (fig. 14, A) is nzed for londing where the tonnage warrants
its nee. Abauf 12 percent of the ore 15 lefk in the mine in the form
of pillars,

In 1028, 165,089 tfms ot ore were mined at Ko, B mine from apen
stopes. IMreet stoping coste {excluding tramrming, heisting, pump-
ing, and general mine maintenance) for thul veur were as follows

Divpot ofoping coxfs, No. 8 weine, 1028

Treakdng | Tongmop |Fepmcasod -
ot o matn- Watal
Leaunn

7 2 119 $00ZHIT S0 U7LS . 4551
B pie v idlod, - .. - L] .. L nand
ok siTes 0Tl |- i
Fawat ___ . _______.. . L oG .oLol
Mtegindy vl sopolles. o . DT LHLE
Ml o e Ve , Bag

2L T astal, Hé,onfu H., Methad wpd Cpsl of Mining af ¥o. 8 aine, 3¢, Loul: Poeflior &
Itefining Co., Eiuengt MSaeoand THatrdet: Inf. Ciee, G160, Dupeg of Mives, 1520, 22 pp.
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Base rates of pay for vurious ccoupations in 1928 were as follows:

: : ate yler oo - Heate per

OeegRation ; . SAnpr ey | Qoo ion—Con | i B-floir” desyr
Al boss_ S __ 33086 | . Hand shovelsr {minlmum,
Assistant ghifc poss________ 5§ 4D 18 bomay e $5.0D
Mephunidal-sliovel aperntoe, 5 80 | Gl nodoigraend labor. . 500
Cornpany driller ——_____ 4, i T . .

The rate of 5580 for shovel operators applisd only when mechani-
cal loading eondibions” were very sdverse. The operators usuall
received 8 cents per ton, and if their earnings cxeecided 560 per wee
hal? tlie exeess wos rétarued to the vompiany. Contret hand shov-
clers recalved 55 for londing 21 tons, $5.55 for leading 22 tons, and
4028 for epch addifional ton ovor 29 tene. All brealting was done
on contract, Touch tonmape contractor was guaranteed tle company
rite of 36.05 per shift, For stoped B foot or [eas in height the priee
waz 14 cents per ton broken, Lor stopus § to 20 Teet liph 18 cents, and
for stopes wope than 20 feel 1014 cents. ‘These tates applisd where
the ore wus loaded by hand ; when the ore was Ioaded by mechanieal
shovel the rate was 1 cent Jess. Breaking and loading were pald
Jor according to aetual underground seele woights and not by care
units, ' S R ' o
The dverage mult-hour per ton in hrealking in stopes, including a
little labor In drifting, during 1928 was 0,124, reprosenting: 65.5 tons

of man-shift. The nmn-hour per ton in loadingr was 0319, cquiva-
Emi': to 95 tonge per mun-shift. The tolad man-hour of stope labor per
ton was 0.441° [ 18.1 tons per man-shift). Fhe consumption of cxplo-
sives averagred .305 pound per ton broken ; three-quarters was a. bulk
dynamiic (170 sticks por, 50-pound bhox), dnd. ene-quarter was
regalur 35-percent gelalm dymamits, - .' _
he practice at anothey mine in the Bouthenst Missoyrl lead (is-
. {rvict has been desaribed by Judwson® | Figures 16 and 17 show parts
of the mine workings. The thickness of ore ranges fram 7 to over 200
Teet, It in 1929 no active stopes were over 25 € 40 foot high, Tna
eiven aren the ore mmay gecur &t seversl overlapping horizons (fig.
17) or baconfined to 1 or 2. Tn some places pillars are over 100 feat
apart, while in other places the character of the ground males it
necessary to limit spand to 17 or 18 feety the average spacing is 40
foet In the cleur, Shaly layers tend to slick upon exposure; and
verbical channels, slips, and joints constitute other sources of wenk-
ness in both the ore and roof of stopes,  Where the ore occurs st
more than one horizon and where stopes at various levels comne nnder
or over those above or helow the pillars are matched to come nnder
pr over the pillars sbove or helow,

The rock deills cusily and 12 quite uniform in texture, and 80 ig
100 feet of hole iz a faic average footage per machine shifi. Most
of the drifling iz done with light hammer drills. For drilling flas
o pward-pomted heles the drilis are equipped with pocumatic
feed logs, and fer stope and otber down-holes and for drilling lifters
they are hand-held, Where the ore iz not over 9 or W feeh thicdc
it is hreastod oot the full eight. In thicker ore g hesdime 7 or §
feot high iz bressted oul itnmediately wnder the top of the ore In

W Toakaen, s, B Halloly of Miolte Disscwmlnated Il Ore at a wilue [0 the Sowile
eaal Mlagoard Dlateiet ¢ Tufl Clec. 65370, Bureau of dincy, 1029, 21 py, .
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advance of the slope. (See fig. 18.) In the heading threa holes
are drillad above cach other, bub the middle or hreast-holi d=.drilled
with about & ipches less burden than the back hole und lilter. The
barden ysually is 3 to 4 foel,. These holes are deilled 8 to 10 feot
deep, ocensionally deeper.. In turning a pillar the holes are never
drilled toward the pillar but are drifled tangentially, as shown at
A-X (fig. 18) to avold shattering it.  After a stope 1 fully opened
wenally 2 and sometimes § headings sre in operation;  One dzibler
works in each heading and the stopo or “bluff ™ hehjnd it Stope
holez ars drilled % to 4 feet back frome the face gnd spuced 8l0 8.
feet apurt. Those drilled from the floor of the hending are 6 and
thoze 1n the lower henches 10 fect deop, In a heading or Jow stope

._ Thisk cith e aloge Jode 1K1 ot 1Rac

% 17 an gl ler (5 drpendlen ]

3" oo ity i ks . o 4 i
Tockn dAmd Elruglleh

" Flavin L6~ leailing and aiope or “Buft, éﬁﬂtileusc__]}rﬁasmlt"l.

a driller usually will break about 30 toms per shift and: more in
higher stopes. In “Blull ® mining 20 to 180 tons per chift are
éomon. - An avernge shilts work:eonsisls of about 12 haoles, or
80 Lo 100 feet of drilling. - The drillers. work on-contract and are
peid a. stipulated price per-ton- broken, ss mowsured by the numboer
of cats of 215 dons eapacity loaded oub. Tn'low stopes and hard
ground, the price 111:192% was 16 to 18 cents por fon, in stopes of
medium, height 12 cents;and in very high stopes ag low s 8 cents.

In development worle and -stopes where not epough are cun b
broken. to keep 2 methunicwl: Toader busy the ore is hand-loaded.
The usnal task or ¥ soere ' for-ae L loader 15 240 lons. This scve
1w redieed when loading is:difficult or wlen there 13 8 long tram
to thd *loop ™ or-alding, - Mechanical loaders wee of the shovel: or
dipper type, are miunicc or caterpillar traction, -und have a-full
260° swing. . The shovel operator” {ransfers his own cavs to- the
loop and 1= paid for leading under a bonns systern wwherehy he-
receives o Tepular wage Jorw given task or ecore wnd o bonusg for
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tonme@o 10 excess of this, The wmal score is 42 cars of 214 tong
earh, but this iz varied to suit conditions and ranges from 28 to 48
cars, . . .

Thiz mine ig one of the oldest in the digeict, and muoch of the
ora comes from extensions of old stopes aud areas which were too
low grade to work in earlier days  Cuwrrent workings must be
planned te fit the old werkings and new pillars to  match » esrlier
anecs, and the work is scatfered. Labor performance in slopes, as
measured: in man-hour: per ton during an averspe month in 1929,
was a2 Tallwe:

Lithar perfortience {n glaopes

3 Mur-lwar | Tons
Nepopation TEr TRTy L ri=shiitn

Bresklol. oo -- -- 0, 1635

41,
Lendlng thowdy. .., 41040 I 2
Loadwpy (esehanleali . e R EL1
Liafling (thood and meelmmgend) . - --- LR o3
BothaErmeme {TPEIINER) - oo oo o e e e Al 30, .
okl L.

e e EHH 145 b

1 Toeludes mule Yafdnge b losders Betwenn faee SO D jus,

The consumption of explosives in stopes for the same period was
0.45% pound of 40-percent amronin gelatin per ton of ore broken,
Mechanical loading required 0.2 kw.-hy. per ton of ore and air com-
pression 3.7 kw.hr. per ton,

A unigque fepture of the praetiee in thiz mine and other mines
of the district is the use of seaffolds mspended from the roof fram
which the back may be inspected and trimmed and test holes drilled
in the roof. Dutalls of this feature are given In Barean of Mines
Information Cireular 8170, '

MASCOT, TENN,

At Mascot, Tenh., sihe ore sveranging 2.9 percent zine . (1828) is
mined by a miilbole variation of the heading-snd-bench system,
The ore bﬂﬂfy hus an average dip of about 20°, is wide and long,
and ranges from & few fect to 150 feet in thickness. It ooy inon
dolomitic limestone. Thoe ore mineral is sphelerite of exceptional
purity, which oemirs as seans and veinlels with secondary dolemite,
and cementing particles of brecciated limestone. The. mineralized
ground ordinarily will not stand long over wide spuns without su ﬁ).
port, wherenz the unminerulized rock comprising the roof and walls
of the stopes often will stund almeost indefinitely over spans of 100
feet or more, Locally, oeeasional thin shale partings between beds
g0 weeken the ground az to catze it to fall, but such partings are
not commol.  When they aceer near the top of the ore the insceure
ground iz usvally taken down, snd some strongr overlying bed is
carricd a2 2 roof. The stoping practice has bow. deseribed by Coy. '

The mine is developed by a vertieal shaft €12 feet deep, and stopes
are being mined hoth above and below the shaft level, which is at

gy, Harfey a,, Mh!]igﬂg Verhnody apd Custs, AmMeTionn Zi.ﬁe Co. of Tupnrtgzes, Mascot,
Tenn.: or, Ciee, G230, Bukean of Mioes, 1930, 11 po. .
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520 feet. "The ore below the shaf level iz developed by slopes. In
the ordinary heading-and-bench stoping system individual stope
undts are zdvaneed in one directlon. In the millhole variation of
thiy system a raise Is putup to '
‘the top of the ore, a heading 7
feet high bs wdvanced Immedi-
ately onder the bed selected for
‘the roof of the stope, and this
heading spreads out in all direc-
tions from the ralse, The ore - [—
then 13 benched down by wnder-
hand stoping arcund the raise,
forming a ﬁlnnel—ahaqmd stope.
The ore yuns by gravity to the
hottom of the raise, whenee if, Is
drawn off through chutes into
cars, The headings are farmed
ohh until they reach pillar lines,
and the benehing continmues until =
the slope of the *“funnel™ or
millThole sides is fiatter than the
sngle of repose of the broken
ore (about 45°). The stope con-
tinues to widen wuntil it mects
the next stope between the pil-
lare, and the beoken ore I
drageed to the milheles by |
power serapers. As muel ag - |
LHL000 tons is sometimes mined
to & single millhole. Pillare are
“roughly cireular in eross section
and proporhicned to the charue-
ter’ of the ground and helght of
the ore, ]
Orilinarily they are 25 i 80
feet in diameter, and the stopes
betwecn wre 40 to 80 feet wide.
Fipure 18 shows the develon-
ment of the mining processes
diggrammakien]lly, 4 shows
prospecting at low elevations by

Iwepns 13 —3Biepe 1o developwent of minlog proceases, Mascot, Teox.

| Haulapewsy

crossents and dinmond drilling;
£, sublevel operations employed 1
i earlier days of the mine for :
cleaning up sneh bre as remained
betwoeen haularewnys after the - —— T —

b 3 5 % § &

toe of an open stope had reached
the footwall; €7, a stope opened
up from a erosseut passing through the ore hody ; 7, slushing ore to
a millhole after the milhole sides have renched the angle of repose
of brofen ore; ‘&, millhele operations before slushing becomes neces-
sty F, slushing in thin ore considerably above the hanlage Ievel;
and 7, millholing a thick ore body conziderably above the haulage
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lével. Thomethod employed at this mine is particularly adapted toa
Inrge, rather thick deposit in which the ore itself does not necessarily
stand: well unsupported but whieh has.a very finn and strong foof,
Figure 12, ', illustrates the method of driving headings and cnt-
ting tlie benches ab Mascot, Heading holes are & to 10-feét deep and
heneh holes seldom over 10 feet, Thirty-percent -gelatin. dynamite
© iz nsed in shooting all heles. LT .
Mo reserve of hroken ore is stored in the stopes or millholes, and
any ore that mey be lelt in them at the end of the Jay <hift is drawp
oll e thi following nighi. shift, The working faces must be un-
covered each day for mapectiom, to maintain the grade of the ore
broken, ' . L - .
In 1820 considerable hand loading $1ill was done in stopes openerd
ouf fromm. the levels, ik today (1983) very little hand loadinys is Jdonn
‘in the stofres, and this is confined to small toomages In clean-up work.
Yivtually wll of the ore Is loaded from. chutes or by serapers, and
sevipers are used i the stopes to drng the ore to auillholes, when
gt well not ran by gravity, Beraper hosts are. driven elealrically by
85-hp. dircet-eurrent motors, and  areshaped mangenese-stecl
suraputs witll teell, 6 fect wide, 21 inches igh, and weighing 1,700
poundg, are employed. Improvements in scraping praciice. have
made it possible to serape ore from £ or 3 stopes to o single millhole,
thus reducing the number of long raises through rock to reach the
bottoms of the stopes. Ore is seraped in- one place a distance of
‘450 feet, and the average ccraping distance 1s ahonk 175 feet.
(e iz hroken and loaded by contract. The stope contractor breaks
and delivers the ore into cars at a stipulated prics per ton; the com-
pany furnishes drills, steel, and povwer, and the contracior furnizhes
‘the labor and pays for the explosives, Slushing contructs cover
Jbreaking, dragging, sud chote pulling at » stipulated price per ton.
. From Uecem‘%er 27, 1028 to gctubm' 3l 1929 thiz mine produced
‘H2R.A26 tons of ora; 10.87 percent of this was leaded by hand on
contract, 3.01 pereent by bund on eompany account, 7521 percent
from nulthelez on contrack, snd 164 perceni. from millholes on
eompany gecotnb,  Bloping costs for s peclod wre s follows:

Mieging enafy, Hru{r‘,{]t,' T'E:]‘J.:If-., Thidte

Teabor oo L e $0.130
Compregsed air, drills, and steela.— e ;e ool _ . 2
Txplosivres e I
Other sopplies e LM

Todiile o S S R .-

Labior performanes, as wnensured in man-hours per ton, was us
- Tollows; ' ' . o
Laboi performance it stopes, Maseot, Tenn, IDRD

_ _ T o = -

: : ) ‘Toos per

Oestpatlob - o op Man-houe | S

L el TP

L e S PP 'Y S ISR T8 |
T - ] N R
Phevnling 4Dl SErADDE- - seesannrna- S FREURI Loy
‘l'nr.-at_._____._____..._-____.._____.._____.______._=_'___'_.______...___'_'_..___I: 1.8 [ag, 5
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HAROUELTE DANGH, MIOHIGAY

At hard-ore mine on the Marquette range in Michigan*® the

" ore s mined in open stopes separated by resular pillars, forming a

checlerboard stope-and-pillar pattern. Hero the development s
b as simple ag in the szamples just given.

The ore cccurs in an irresular, badly folded, and fauléed bed of
irom, formation, ranging in thickness from a few to 10 feef, wilh
ah. averggr thickness of 25 (o M} {eel o the larger ore bodics (fir.
a0, 4 u.n’f[ £). - It is overlain by quartzile and slate, dnd the Toot-
will is jasper and altercd diorite. The dip of fhe ore 13 variable
bt in gemeral 15 too low for the ore bo run by gravity on the
footwall. _ _ .

The eappimg over the ore body must be perinanenily sapported
hecanse the formation is everlaln by 60 to 100 fect of guicksund
und becanse the ore extends long distaneee under the business see-
tion of a2 town. ' ' :

The ore Is o hard, high-grade, specular hemalite wlich is tough
and hurd to drill, _,Tt shpnds well am] does not slack on expozurs
to the alr. Seams of rocle 1 oo & doches 1o T or 2 fest thicle often
oceur in the ore and mush be sorled out by hend voderground, The

‘hanging wall, which in most Flacus Iz u slaley glacles when exposed

ter the alr; therefore, a small amount of ory iz left to protoch it
whengver posaible.  Overlying the slate, which seldem iz over 15
feot thicl and usually much less, is a strong, hard quartzite which
forms an exnellent eapping over the stopes. Displacement of the
are bodies by foulting and thelr irregular size have msde it in-
possthle to block out large ore bodies for mining. Flexihility in
stoping method is required to permit following the ore.

Where the thickmess of the ore will peamil, rooms 25 feet wide
by 25 feet Ligh are driven by breast or heading-uwnd-benele stoping,
anck logrs-25 foeb thicl ave el between luvels, except on the wpper
lewels whare they are only 13 feet ek, Fillars helvwoen the stopes
are 25 fooh square.  Abont 72 percent of the ore Is exatruvded from
the ore bodies; the balunes is tied up in piliars

The rooms wre advanced by carrying o heading endy, 7 or 8 fook
higrh aml as wide as the stope, 10 feet ahead ol the hench {lg, 240, £},
whith is Laken up afterward by lifting heles drilted horizontally,
The heading ont 35 driven by (lu use of slabbing Loles, and wherever
pussible gdvantuge s taken of slips. When the hewding eut iz fat
enough ahoad the face iz drilled again but not blusted, aud the
boneh ia elenned ofl. Lifting holes 8 to 10 Deet deep ave drilled &
or 6 fueh apart in hordzontal eows with @ bueslen of abouk § feet.
Tha whele breast then is hlasted ab one Gime. Hince the bottom
holes do not extend m as far as those abave o tos iz leff as a start
Tor & new hench, and the broken ore Hes on this toe in a pile high
enough to allow the miners to reach the back conveniently., The
hack awd hreast then ave vrimmed, and drilling for the next cut is
hegun,  This gystem haz many advanlages: it facilitates trimming
the back, always leaves a hench or pile of broken ore for the miners
to stand on, and provides a fairly continuous supply of broken ore.

2 o, Taoejch, Medlnd foul Doad of dlinkeg Havn Speendne Hema M on gl Moo lbe
Lliange, }Ifehiguu: Inf, Clre, G188, Burcwn of Mincs, 19381, 1F po,
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DISCHTSSION OF DIFFLGENT ST0PING METEOD: Ed

When the ore does nol extend up to the nexi level the stope must
ba finished by buck stoping. A stegs is built of Indders and 3-inch
Elanlrs, and From it as many holes as possible are drilled in the

ack. The holes are chirged; the stape 5 torn down, and the holog
are then firpd. The stage wrmain is crected on top of the broken
ore, and the operation iz repeated until the pile of broken ore is
high snough to reach the back without staging, The stope i con-
tinued to the top of the ore wnd then iz adsanced longrtudinaliv
over the stope below, breaking the ore down Ly horisontal holes
drilled m rows; thicse hioles often carry w 6-fool burden. Shovelers
hegin at the codl of the pile of broken ore and load it out, following
up the mining ahead of them.

Tn mining flder pillars, practics in 1929 was (o work on a subleval
instend of mining the entire 25 foet and dropping ihe ore to the
leved halow.  (See fig, 20, £.) A ralse was put up, n chute installed,
and the ore arcund the reise milled into it to o depth of 18 feet.
When the ore no longer would run into the chute by gravity it was
shoveled by hand at first, and after the stope hiacd been widened
out i1k wes dragged by scrapers. As the footwall is fat the wre
wolld have to be rehandled several times if it were shoveled by hand,
Raisex usually were abont 100 feel, wpart, and the seraper could
reach B feet In either direclion from’ the chute easily, Whan all
tho ore had been mined down to the floor of the sublevel the remain-
gjng T feet werenined in one Iift, breaking the ore down to the levet

elow.

About 5 or 6 hours of dritling was done eacli shift, and the ma-
chines averaged about 23 to 2 fuet per shift. In fullsire stopes
about 1 ton of ore wns hroken per foot of hole; in breast holes the
breake swus less and in bench hioles more. Tisually 1 miiner worlked
in each stope, but occasiumally there were 2 mimers unsing 2 ma-

chines. They were paid by contract acrording to the number of

2.4-ton ears framaned from the stope; the sise of the stope amd the
hardness and tonghness of the are were tnken inte acconnt in getting
the pries. Conbractors were charged for all cxplosives used and
Tor eurbide, picks, shovels, and other hand tools, ~ The ore broke in
Iare pleces, ghd considernble sledging and blockhaling were requirnd,

Mozt of the ore wos loaded into ears or dragged bo chutes by serup-
ers, hut whers Where was much rock o sort out wnd where the life of
ihe stopes was short, hnnd Ioading was preferable. When ears were
loaded by band on eonteact the shovelers wers pald 4 cartain prive
for filling 2 204-tom cor and 1 cent additional for every 45 feet hand-
trammed,

Crontrect prices in 1998 wore aa follows:

Chordraet prives per onr of B fone (hawd londing and tromedag)

Large plles | Hinqus Tiritta ’ Clhietea

T O P T P 20,47 L] L=V (O
St londiog - R Y NI AU 2183
BT ] S, Al s 0l i
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On sublevels ond where a chule was within vench the hroken. ot
was moved Lrom the breast to the clirte by ecrapers.  {See fig, 20, D.)
Thest scrapers were of hoe type, wore 48 inches wide and 7 fect
long, and weighed LSOO ponnds.  Borapers were handled by 25-hp,
double-drum electrie heotste. One miner and one scraperman con-
gtituted the nsual stope crew; the scraperman Lelped the miner to
set np and tear down, and the miner helped the serapermonn rig up
his geraper blocks,  Contrach prices per ear of 204 lons for hoth
breaking and scraping ranped {(31922-20% from 3000 to $1.50. In a
fow places serapers loaded Into 514-ton cars over semiporiable 1oml-
ing slides. (See flp. 20, €.} Four cars (22 tons) were Joaded per
hony, melnding switching and other delays. o

During 1848, when 4200000 lougy tons {2,240 pounds) were mined
and haisted, stopiog costs were as follows,

Steping costs per Tang fon fofabed

) Ter ton . - Pertou

Ta o B0R1E | Twplusiver .o oo F0. 105
Buperviglon_.__ . .___. .__ .08 | Timber ___ - LT
Conygpaezecd  alr,  ddritle, nod Orbar supplies oo e .~ LH11
Afeel . - o MME . _
Terere _ - [ | Total sloping coslbe—-———. . 7TTR

Labor performanos in stopes, as measured in man-honrs per ton,
was ag follows: '

Tana por
: IIsn-hanr
Clenpedion A-hinlar

Tee Lan mam-shift.

TITEEE T 4 - oo o o e o e e o e e o 0, A4 74,4
Tlmberlog aod MRS .y wsacalom w0 o 0 ol oo - JIEL 150§
Shoveller (oeluding seramnm oo et | LW 258
Totul ... S TS ; 114

Fxplosives was] in stéping amounted to 0.708 pound of 50 percent
ammonia dynamite por ton beolaon,

MINEFILLE DESTRICT, NTHY YOI

Af Mineville, N. Y., the ore Is minad In open stopes with casusl or
irregnlar pillar support.  Here the ore bodies are ifferent from any
dezeribed heretofore in thut, althongh =ome thick ore hag heen mined
{over 200 feet in onc area), the ore mined in rvecent vears has huem
3 to 40 fuet thick and averages only 10 feet. and the orebeds dip at
20° to 407, _

Tha ore iz maghelts, running from 25 o s high sz 69 percent
iron, bat it averapes ooly 42 percent irom as mived. I occues in
beds intevstratified  with beds of pneiss. The productive Leds ex-
tend several hundred to several thousand feet in depth on the dip.
with correspondingly [apre laleral dimensions. Figure 21 iz a plan
of the Old Bed mine. Trap dikes cut (he ore bodles, and they are
mprkedly folded and faulted. In places there is ne sharp line of
demarcation hetween ore snd rock, and magnelite 1z found dis-
seminated through gneissoid beds in scattered gruins, in sufficlent
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ugntity to ba locally of cosunercial grade. In other places, espe-
einlly along the footwall, the line betweon ore and rock Is ghar g,
The mine iz developed by long inclined shafts and anxiliary in-
“clines plong or in the footwnll from which stoping levels are furned
ofl following the ore contours wk 30- fo 100-foot intervals. Stopes are
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breasted out the full thickness of the ore, leaving pillars 80 o §0
feet in diameter, depending upon the helpht und character of the
roof. These pillars are spueed abont B0 foel apart center to vonter.
Tho roof is arched between piilars to prevent slabbing off of ore and
rock. Pillars contain about 25 percent of the ere in the mined
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areng, but later it will be possible to recover w consgiderable yropor-
tion of thia ore.

Meost of the ore is loaded mechanieally or is seraped into loading
chutes, Serapers and dpmxrer ghovels are emploFel.  The former -

ara electrically opovated, wad the latter are operated by compressed
wir. The ore breaks im lurge chunks awd slabs, and the serapers
pre 44 inches wide and 2014 inches hiel, hove a long bajl (7 feol
§ inchusd, and weigh 1400 pounds, Six full loads will i1l a T-ton
par, although & to 10 loads is the average. Scraper hoists are

-h_§n g0
S, Jeed

= "Haulaga lawal in
-Mined-put stepag

Heading In lzvwer stopo
hre-?h'ra 1rouph

ircrnE 2% —ferapar stupes, Mioedjlle, No Yo 4, Plan of o stope; B, evogy soction
throwgl stope; 6, enlarged cresa section ebowiong serapheg to elmida,

powered by 26-hp. direct-current motors. Maximnm seraping dis-
tonee iz 350 fool, the average being 180 feef. Fipure 22 shows n
dan and sections of seraper stoplng operations, the method of drill-
ing Lhe foces, and zeraping into eara wnd chuics.

The roclk is havd and breaks large. Mincrs in the atopes break
an average of M Lms per man. In 1987, 14 cents per ton waz paid
eacl drifer, hut if the average tonnege fell helow 50 tons the basie
wage of 30 cents per honr (%288 per shift) wasz paid. The sverage
wage for all men at the Harmeny and Old Bed mines in 1927 was
$5.63 per shift.
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Where ore was lnaded and trammed by hand the muckers were
paid 28 conts por car (l-ton average filling) for 10 cars, 29 cents
per ear for L1 curs, nnd 30 cents for 12 vr more cars.

Direct stoping costs per ton for 1927, as piven by Cuomnings'?,
ware az fallows:

Diereet sfoniny easts, O Red gnd Hoamaenw) mdess, 1927

Tart pey

EI'.'IHQ Teiral

Labar .o —aminn [ | |
Hupervlston e LA
Compressed i, dveilla, aml alecd [ e W11
Explosives ______ ot mr—— e m—————— I, |+
Clhor suppifes. - VS || -
Total direct stoping ecust .o o TG

Laber performance, as mesasured in man-hour per ton, was as
followe:

i ™nn-tnur | T.aoog (ons
Dooupatinn poc loog | permao-
ton EIETE
Trenlring (rilme wod bhesling)-- - ..____..._.___..._____..___..____._____...___! L TR
Hheraling (hond nod power Jeadiomd b s 400 © LRY
3 P LU TIR 11.2
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1 Toelndes zome bood tmmming,

EDWALNH MINE NEW YoRL *©

At the Edwards mine zinc ores oecite In erystalline dolomites inter-
bodded wilh quertzites, schists, and gnelsges. The ore hodles are
lenticular musses & (o 28 Leet thick and 100 Lo 200 leet long, and
persist down the Jdip to s vertlml depth of 1,700 lest o more.
The avarage dip iz 40° to 46° but lecally ranges from nearly hori-
zontal to nearly vertical. 7The cutlines of the ore bodies arve quite
smooth wnd reguniar. The walls are generally  commercial® ones,
althongh the gradation from massive ore to virtuslly barren material
is sumetimes gnite abrupt, The average grade of the ore iz aboub
1Y percent zine but in places reaches 35 percent or more. Some
dilution oeeurs in mining due to the carrving of mininmnm stope
widths, which olten make it necessary to mine some wall rock so
thut the averare frade of ore hodated iz abont 1834 percent zine,
Both ore and wall rocks stand well for o Tong fime. cxeept where
parallel slips ocowr and where the walls contain considerabls ser-
pentine which spalle in irregular slabs. The temdency of wallg
in fail from Lhess canses inereases as the mine becomes desper. 1

Tigare 23 shows the methoed of stoping where the dip 13 Sat enongh
to require the use of serwpers br move the ore from the face to the
chutes, Open stopes are advanced by both overhand apd underhand
methods, depending npon the distance above the level, the homg-

Flnmmingr, A B, Medlod and Cosd of Minlhe Maeactile in $ho Mioev[ile IMetrict,
oew ¥ork: Inf. Clre, G093, Bureau of Mioes, 1388, 12 pp.

= melel, doho T, Miolhg *rclice ag tho Edyurda 3ine of the Ht. Joreph Eead Og,
Ak Lipereaes Ceanfy, WYL Inf, Cire, GGEG, Bureau of Minea, 1533, 23 pp
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geneity of the ore, its thiclmess and dip, and the condilion of the
walls, Often o stope iz worked by a condbination of averhand
and underband stoping. In averhand worle chute raises are deiven
on the footwall at imtervalz of 30 to 40 feet. These are driven up
the dip 15 to 80 feet, & subdrill iz turned ofl 10 or 15 fest above tho
baclk of the level to conmect the raises, wwed the raizes are belled
out. Stopes are then breasted aul above the subdrift level. The
shopes wre breasted ond ot least 6 foet high along the hanging wall,
and if the ore iz thicker the hottem is ugpally benched wp from

 helow afterward. The systom iz thus vivtually ap inclined heading-

and-bench system. Pillars are left az required for roof support,
amd often low-grade or barren ground cam be utilized for pillars.
Ordinarily spans of 40 feet or mere will stand dwming the life of
a stope, and the pillars need net be very large. In some places

fratea bo upper Moval

merne 2.8, Open stoping wlith scecapees, Tidwaeds, 27 T 4, Vertieal longléodinel proofmes
1lon ) 44, vertleal eenllon X—1 .

in the lower levels strong joiniing parallel o the ore body is com-
bimed with & syetem of intersecting frastures which cut it obliquel¥,
producing a blocky and dangerous hanging walll Tn such plascs
I‘Gﬁlﬂﬂ-l" breasts 15 feet wide are driven up the dip between regular
pillars 40 fost wide. 'Fhese pillars are recovered later by cut-
throughs and slabbing on the rebreat.

Drillimg s done prineiplly with mounied one-man machines,
although stopers somulimes are employed, especially for cnttiog
around pillars in sbeep stopes. A mazimnm nfp nine 8-toot holes 15
drilled per heading or breazt in stopes. ¥or taking wp the henches
of ore vertical holes are drilled {at an angle of ahout 45° with tha-
footwall), and the ore iz broken into fhe stope, beginning at the
battom of the stope and advancing up the dip.

Underhand working is employed principally to mine the upper
portions of Mocks which have been worked overhand frem helow,
It t3 also vsed in enmbination with overhand worldng, and o stope
myy be worked at various stages hy several alternations between the
two systems. Underhand work is chesper, permits better sclection,
and results in easier brealing, but it is nok so safe where the geound
is wenk, and greater difficulty is experienced in cutting around pillurs.
Befors an underhand stope is hegun a ruise must be driven to the
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level above or to the top of the ore. The ore i then henched down
around the raise in benches 7 feet or more high. Benches are
ngnally about 6 feet wide and are Jdrilled with three rows of holes,
ench carrying a 2-foot burden. TUnderhand stoping s wpplicable to
steep are bodies where the ore and walls are strong,

The angls of repose of the broken ore s 42° {0 45% Where the
dip is less serapers are cmployed to move ihe ore from the face
to the chutes, (Bee fig. 23}  Serapers are used for Lanls up fo
500 feet long. The uze of serupers in fat stopes haes greatly in-
- ereaged the oufput per man and resulled In apprecighle savings in
mining custs, .

The productivity of labor in stopes in 1980 was as follows:

Pramensinity of Iebor, Hdwards infns, 7530

i AEwn-hinir Tﬁi&rﬂr

Liccazelon
P fom argo-SEden

——— I 455 17 R

y i 111.7

Hand skovalinpe. ... S 1,04 I
Benping oo N — —- 5l 153, 2
B o d. &

t Hneed on belnd Eonbada af gro frorn slapes.
AICIIIAAR CODIFR EMHTROT

In the Michigan cupl—%‘.um- listrict open stopes with pillar support
ars emploved where the dip is flat, whereas in the steeper lodes
shrinkage stoping or eut-and-fill stoping 'is nsed. In the Conglom-
erale lurﬁﬁ stnlls are emploved Lo support the hanging wall, and the
method usually 1s classed as opmn sloping with stull support. In
this tmlletin the author has classified stopes with a regular system
ol stull support ws . Jdistinct s[;upin%‘ melhod under supported stopues
and the practice will be described later under ¥ Bupported sl;up%.’?'
Two types of pillar-supported stopes are employed o the Michigam
gopper mines and have been deseribed by Crane2¢: (1) Large open
stopes with irregular pillar support and (2) long, nurrew open
stopes supported by narrow pillars, -

In both types & retrenl system iz etaploved; that is, the levcls are
developed to the properiy {i nes or eds of the ore, and stoping re-
treats fvom the ends towsrd the shalt. Chutes are installed at
regular intervals and ave deiven up a short distance where they ac
connected by a subdrilt or gmall stope. In the Lest type of stope
the ore iz breasted out on eacli side of the raise until adjacent stopes
meet, and merge into o singls large stope which iy advanced up
the dip, leaving 1rregular pillavs of ore or lean rock s reguired for
loeal support of the hanging wall,  {See fiz. 24, A.)  In the sveond
typa of sbope adjoining stopes do not merge but are sepurated by a
lang, thin pillar.  {Sce fig, 24, B} In hoth types of stope an arch
piliar i leli over the hack of the level.

W Orne, W I, Minlne Methode and FPreeHee 1o the Michipegy O s Blicusa 1 Bl SO0,
Buvean of Minea, 1830, 182 pp. | . Ef SopRer i
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The lodes vary in thickness and whers open stopes with pillar
support arve employed dip at angles of aboub 20° to 40°. The are
ix native copper necurring in busic amygdaloidal beds, which lie
hetween distinet hanging- and foot-wall trap rocls; individow] beds
vary in thickmess, averaging 20 to 80 feet, The mineralized por-
tiom of an amygdaloid bed often is very irregular, sometimes being
on oie wall, sometimes on Lbe other, and sometimes in the middle
ol the bed, and only oecesionally is a bed mineralized eoough lo
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pllnrs I, Jea, ourbey siopes eeparnted by vareow pellnca,
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make ore trom wall to wall. Usually there is no sharp line of
demarealion betweon ore and roclk. Workable lodes in the districk
rangs from 814 to 5O feet in width, Probably the pversge width
of lode worlced today iz 8 feet, although loesl enrichrments may
inerease the widih to 16 feet or more. The amygdaloid is not very
hard to drill and brenks well, bat bunches of nalive copper often
make driiling difficutt,

The pround in the open-stope mines stinds well aver conzidarable
apans Lor some time exeept where badly shattered by fankting,  The
ore is low grade.

At the Osceola mine the lode dips 377 at the lowest levele, and
the hest ore s just below the henging. wall. Levels are driven
120 feet wpart mensured on the dip and are 12 to 16 feet wide
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along the hanging wull. Btarting al the tnd farthest from the ghadt,
hox haoles are opened over the hack of the deifi on 25-Toot conters;
lhese are connected 10 or 12 feel ahowve the level, leaving a pillar
of this thickness over the back of the drift. Wide stopes then arc
Lireasted oul along the hanging woll, lewving irregular pillars for
support as vequired, T.ne bu%gus, rolls, or troughs in Lhe ora are
24 Lo 30 Leet Lhick in places. Whers the ore iz thick il iz henched
down from the haneing-well heading or brepst, Considerable lean
ore iz lelft ag ireegolar pillars. In 1951, whon the mine last was
visited by the senior ancher, 26 fons per machine-shilt {one-mun
lnachim*.s\:; wis the gverage breals in Lhe stopes, . The hroken ore was
drageed down the flal, irregular foctwall by 48-inch hoe-lype
serapers handled by 25-hp, electric hoists,

At the Ahmeek mins the narrow slope and long, narrow pillar
evalern waeg emploved. The pillare ran up the dip and wers only
5oor # fest thick betwewn stopes, Thiclker pillars caused the hang-
ing wall to shear off and bresk, but by keeping them narrow and
working on the retrent they gradually spall off or crush and selide
under the weight of the hangimg wull willwut breaking . The ors
was not ag Lhick as at the Osesola, aversping only 714 fect,  Chutes
wore on the center lines of the stopes and were 20 fect apart.  Thess
were connected over the baclk of the level, leaving o pillar only 5 o
6 fect thiek, The connection was driven about 26 feel wile measured
up the dip, and from it the stopes woere driven up the dip i line
with the chules. When the mine last was visited (1981) an average
of 20 tons per machine-chift was breken in the stupes.  The average
dip was nbout 33° ) which made it necessary to drag the brolen are
tor the chates with power scrapers, Thuler 4 bomus system, in foree,
a bazie wage of $4 per shift was paid for drilling 85 to &0 feet of
hole, the base lootage depending upon the nature of the ground,
cand w bonus of & cents pur foot was puld Tov each additional fool
of hole drilled.

The brexking cost at the Oszeecls during Janusry and February
1481 was $0.456 per ton and bt the Abmeel, $0.539 per ton.

VANABITA AMIGE, L1FLH, LD

At the mine of the United States Vanadinm Cerporation, Rifle,
Colo., a reom-and-pillar system of open. sboping iz employed 2

The ore weeurs in lenses 1B erosshedded sandstones, ranging In
dip from 257 near the outerop to 15° in the lower lavels, The ore
rungres From 4 faw inches te 30 fest in thickness, The ore-liearin
sandstone s 50 to 75 fect thick and generally Torms a strong roo
oyer the stopes.” MMueh of the ore can be revovered without nsing
extensive roct support, but support must be provided to the hunging
widl to obtain 8 high percentere of extraction, The gtrength of the
roof 1z sueh thut In retrealing progreszive roof caving cannet be
broughl about, and adequate zuppert must be pruvidu;f‘ to provent
lieavy squeesng over lurge areas. _

Tn first mining, reoms 25 feet wids are driven np to the pext level
(120 Feet on the .?lip} ; leaving 26-Foul pillars between the rooms, Tha

B Hurwell, Bialr, Mininﬁg—i dziheds apd Cises b e Vioadlum wine af the Tritied] Siules
Vanndiym Coeporatlon, Eifie, Colo: 1nf, Clre, §G02, Ducon of Miges, 193249 pp
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broken ove i dragred down to the level by power sorapers. The.
Faco s advanced by driving s 12-foot breast, using & center V.cut,
followed by elabbing to v wkith of 25 feet. The ore is tough, bloclky,
and highly abrasive

After the rooms are mined {rom. Jevel to level the pillars ave at-
tacked, refreating from the eod of o block of voous,  Artificial rool
support generally is notb required In mining the roonz, but oceasionsl
5t|11}15 are seb Lo serve as o warming or to suppoct small slabs of roof,
Betore the plllars are removed, however, larme waste pacls wre huilt
in preprration for a heavy sqoesze, which may occur in recovering
the Jast of the pillarzs from 10 fo 20 pereent of the ares iz supported
n thiz mapner. Packs wre 15 by 20 feet, made with stulls and heavy
woven Wwire, and lilled with wagte rock from. sorting in the stopes
and fromn development, Pillars finally ave blosfed, and the oes i
goraped vub, ¥Waste handled in the mine ameunts to about 25 per-
cent of the ore tonnags,

Belf-rotated stopers with an adjustable stop board are used for
drilling holes at angles of 15 4o vertical and have proved move
goopomleal than wounted machines, " :

In mining thin ore {ss liltle az 10 inches thick), stripping and
sorting (resning) are vesorted to, and low-type scrapers ure em-
ployed, which are 12 inches high und § feet long, ' '

Most of the ore is seraped n medium- and thick-ore stopes, al-
though an alr-operalsd shovel iz uzed to some extent in high ore.
Chinaman-type chutes are used for louding cars on the Iuvvels, Con-
giderable hand shoveling s done near the chutes aml where sorting
of gre In the stopes is necessary. T seraper mining thres men make
up o seraper crew; these men place the eyebolls for the eables, block-
hete coarse chunks, and load wnd tram the ears to the level griwsly,
In high ore 500 tons or more sometimes wre brolen i advance of
serupiyn, bubt ushally the ore is removed ag it 1s broken, The out-
put per seraper crow i3 30 to T3 tons per shift, -

Stoping costs during July, Augusk, and Seplember 1531, when
14,623 tons were mined and tranuned, were as follows:

Htopdiy oosts, Rite, Cofo,

) Cowk per toge . C'agt per b
Tl e e mim e e b T | Timber - $0, (£
Buporvlslon _ 05 | Oiber supplics.._________ . .10
Compressed ail, iy, and stecl. 00
Tower_ - A3 Tl N o .0
Hu WGBS e —eme o o 2D .

{loats e termue of imat-hours por ton dueiny the same period ware
ag Tollows: ; '

Lkl e peom-Nonds per fod, fiife, Cofa,

Hiwlrure  Tots per

Oeoupadion: FOrdon  mucn-ehif
Ereuking - SERNPIPRR. 1 -1 28.7
Timbwes aef Gl __ — 2 233
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Totnl— e : - ———eee L a6

Consumption of explosives in stopes was 1.05 pounds per tom of gre,
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ORE STURTKEG 17 DREPOETTS L0 AT TITEIL ANGLEH

Deposits dipping at anprles steeper than the angle of repose of the
broken ore are included in thiz eategory. The deposita are labular
or lentionlur, wide in two dimensions and narrow in the Ghied, or
wide in (he third dimension also, _ .

arazapt ML¥H, QUERED™

- At the 3ranada mine the ;e ocewrs by quarts veis mostly in gray-
wacky und conglomerate but in places cloze to or along porphyey sills.
The sediments have w narled schistosiby which striles N, 70° .
and dipa 45° to 55° to the north,  The width, richiess, and naturve
of ihe guarts veing are erratic; the greatest thickness of quartz
je 19 teet, and somes gections of Ll veing average § or 6 feet or less.
The wall rock cnvelops the ors lenses in tight shells, Gougs i
virtually shsent, but the wulls 2re shickensided.  Although the wall
roclt contwing o small arpount of gold only sulid grearte and steinger
zones have proved to be ore so far. Ascar vsl{uns In the gunaris
are erratic beoitsze of the presence of coarse pold im shoots of
high-grade ore. .

=hrnlao st:‘.u%lng first. was employed bl wag abandoned later for
open stoping., The walls are glrong, but the schistosiiy of the rock
within 2 or 3 fest of the quartz muakes the hanging wall likely to
slab if Ieft ensupported over lavge weeas. Thix eaused no trouble
{with shrinknge soping) until drawing of the ore was begmn. The
dip of the veins (45% to #3%) was not sleep wmongh to permit even
drowing over the irvegular lootwall, and afiler ene-half to two-
thirds of the ore had been drawn from the shrinknge stopes the
remaimler lay in the stopes, extending up as much as 100 feet ha-
tween Lhe chutes {20 to 25 Teet apart.)  (Open stoping is advunlage-
iz beeause of the rvegular tenor of the vre; ore can be drawn az
mined or left in the stopes a few days, and by -zelecting the points
from which the are 1s drawn uniformity can be obtaincd oy grrade of

core senb to the mill. Where the gquarts 13 over 344 foud thicle liktla
waate 15 broken with the ore. Waste can be gorted o opon stopes,
nztng siiills covirid with logging to support discavded waste cocl
During Augnst 1842, o t:-;"pi[:sﬁ menth, 123 percent: of the roclk broken
was soarted oub as waste aul gobbad in the stopes and 4.2 percent
by the Lrammers. : _

In begioning & stope twoe rounds ate blasted ont of the back of the
drifh, und the %mken ore is mneked onl, lenving the back of the stope
14 fert ubove the track lewl,  Stulls mie put in 6 Teet above the tracic
and § feel apart god lagoed over tightly with I,]-Flea’ except thal
5-foot spaces wre loft for chutes vvery 28 fecl. The hack 1s then
drilled over, but before this slice is Wasted inelined slides wre built

-of poles to deflect the broken ove onto shoveling platforms alonggide
the ehutez. After the round is blasted muckes remove the top lag-
ving of slides, leaving an opening through which may he thrown
waste sorled from the ore, the oTe, of course, bheing shoveled into the
chules, AL thiz egtage a raize usnzlly 13 driven to the level above.

w Lpofbogrow, . L, Mining Mechoos and Cosis at Granarla Gold Minos, Led., Hoeny,
Quebes; Iol, Cive, 9708, Durean of Mings, 1181 1t po.
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'The stope then ks advabced upward by doilling from stagming en
temporary still timbers. When the stope i 80 fo 50 feet above the
ek of the level ancther row of stulls is pub in snd lageed over &
deel below the Hack, the chutes are extended up to this level, and stop-
ing iz continued a8 before. In o long stope the ore sometimes is
ghoveled intg s cnr on the mucking level and frammed to o central
chute, The minimum stoping width is 314 feet; where the vein
Lilfing s 1css, the foot wall usunlly Is brolren, leuving the hanging wall

dntuck and therelfore less likely to slab off, The mill superintendent

egttmates that 35 to 80 percent of the mill foed i wall rock It i
egtimated 1hat 98 percent of the ore is recoversd, the only ore lefi
heing in 8- to 4-foot level pillars extending over about half the wilth
ol the stope to reb as a footing for tracks.

During July 1932 the direct stoping costs per lon of ove huisted
were gz follows:

Direel ziopdiy cosds, Sranade smine, July 1052

syt per | Ot e
L Fepdotoicl fute frofutrd
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B T Y ST e - m e 08T THhnker. e - LHD
Compuegee  alr,  drills, and [
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As pme-third of the rock broken tn stopes was sorted out as waste,
ihe cost por ton broken was $1.848,

During the same month the direet stoping cest in man-hours per
ton was as follows:

SRepher cosf I sHaa-fiory pey o, (Frunicdg mdne

. Hpa-Noaea Tong per

DoeTpa i L B
Dreaking oo — EG3 8.8

D Bhoveling oo AL a2.1
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Consumption of explosives in stopes was 3.927 pounds of 40-per-
cont gelatin dynamite per ton holsted, and conzumplion of timber
waz 1.65 board lest per ton.

Maky INI, IBADELLA, TRENN.

Figure 25 shows the stoping method employed al tho Mary mine
in the Dcktown (Tenn.) distried.®

The method sotnetimes {3 termued * anderbanding ™ and iz an ald
Cornish systemn. I is similar in sone respeels to the system uged
ab Mascol, bt & reguiar or checkerboard stope-and-pillar pattern fs
emploved, Pillars on cach level are diveclly under those on the
lovel above, lorming a continvous pillar from bettom o top of the
ora. ,

The ore arcurs in lenses replocing certain folded and faulted beds
in highly melumorphosed sediments consisting mainly of graywacke

& Wegler, Vern L., Mluiog Methods of tha Duektown Chemdenl & Tron Co., Maty Mine
Isdwelta, Tepn, : Inf Clre, 0587, Dureay of Mlhes, 1031, 9 b ? '
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with prkoze, pravwecke eonglomerale, mica sobist, slate, staurolite
schist, and parnet schist, ~The shape of the gre bodies is controlled
largely by %ﬁlding of the country rovls, which exhibit swells on
the crests of anticlines and domes and pinches on the flunks.  The
o boites are displaced by postmineral faulls, They strile N. 45° B,
and dip 65° southeast, The Mary ore body is 2,000 feet long and
rangeg from w few feet fo 150 feef In thicloiess, The wall rocks are

Fumue 20, —Stoploe enethad at Abwry mloe, Ispbells, enm,

mica gchist and graywacke and stand well over spans of 100 feat]
in some pleces in the mine 150-foot spans have been zelf-supporting,

The pri.uﬁ:ﬁu,l ore minerals are pyrrhotite and chaleopyeite, and
the dre is nsed primarily for the menufacture of sulphurie aeid, the
copper being a bypreduct. ‘The principal pangue minerals arc
quartz, amphibole, and diopside, with smpller amounte of dolo-
mite, ealcite, zoisite, spidote, and garnet. The ere iz hard to deill,
and after Wasting some bulldozing is required,

n,
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The chambar and stope syston, in which the ore s henclwed down
as in heading-and-bench stoping, was employed almost exclusively,
altheough some bresst stoping was done wlere the ore extended only
8 short distanee wbove EI.\E Jevel. Fhe regular pillur airangemend
was not always adhered e sleictly, as it was possibie, by varyinge the
aregngement somewhat, to lagwe wtell of the lewncr ore I pillnes
und extract g higher pereentage of better-grade ore,  Sharp changes
Eccur e the grade of the ore, due to dislocations of the ore body by

anlts.

A comtral raise is put up in each stope area, and thiz then is
reatned out to 10 feet In digmeter. Starting just nnder tha floor
piflar of the lewe] above, which ia 30 feet. thjarj & hendmg 1z driven
wround the roise.  Aa this is widened the are below is benched Jown
with vertical holes. At fivst most of the ore falls Qivectly into the
raige, but after the stope ig widened considerable ore is caught on
the beneles below and must be shovelad off, (Fhiz cometitutes one
of the disadvantages of the method.}  Avother disadvantage is the
inability to inspecd: und trim the high roof over the lower bonches
afier the stope beemnez wide, It is necessary fo take down very
enrofully any loost ground in the back while it is still aceessible
froan the heading beich, The backs of all stopes are arched to
leszen ithe danger of falling ground. One advantage.of the system
iz tho thorongh exploralion of the ore body before stoping.

After the stopes or “phinmbers ® have been mimed out, £ the pilor
Lines smull gections of the pillers are eux out betwesn lovels connent-
ing the stopes. Later the floors are exbracted by henching them
down into the stopes, and Snelly the pillars on the levels are trimmed
i (e minimem size consonant with =ulety,  The method would not
ho gnitable for mining o high-prade ore becouse of the large amennt
af ore Teft in pillars.

At the Mary mine stope lalor was paid 15, 20, or 25 cenls per
1-ton enr of ore deliversd to ilie level, the price depending upon
the cliwracter of the ore and the aree and heiglt of the stope. Hach
crew of womtractors wsuslly had two driliers, who paid for the
additional labor requived in the stopes and for the explozives.

In 1988, 108,518 lomg of ore wore mined and halsted, of which
89,661 tous came from stopes.  During that yesr a conzidersble
part of the tonnage was derived from marginal areus whetn the ore
was vory Dregular and whers consideruble development was neces-
siry With the sloping.  As g result eostz were hugher than in the
larger, wore regular stopes, Direct stoping costs for that year uwre
given below, :

Dirent slapipng costs, Mary seine, I028
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The productivity of stope labor, as meazured in man-hours pes
‘tom, wag as follows:

Produetivzily af giupe b, MHar)y seine, 183258
MicteJeatiy Tois pop

Crocmpo i por tome Rl
BT T PPN | M- - | 15 &
Bloekholng__ . e - e (23D 3.5
Bloveling apd trsmmlng, lesz 20 percenl loc Lrameroing

o Teveld N . R L 171
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The comsumption «f explosives in stopes was 042 pound of 40-
percent gelatin dynamiie per lon of ore broleen.

TUREA-RURKA MLIME, DUDBERRYIL, ey

At the Burra-Bures mine the sublevel stoping variation of open-
stope mining s employed.  The ore bodies are (i.‘scri]:lﬁd as replace.
ments of g limestone bed, thickened in places by thrust folds and
strilke faults, in wheolly metamorphosed Lower Cambrian zedimends
eonudating mainly of groywacke witl arkose, graywacke conpglom-
erale, milea schist, slate, stanrolie wchist, and mernet sehist, The
Thurra ore hody Jdips 75% soubhewst af the surface, fations to 50°
at the sixteenth level, and locally dips ss low as 33°. It ocomrs
over a length of 2,300 feet on the fourteenth lovel, where the min-
ahle thickness ranpges from a few feet to a mazimum of 130 leal.
The immediste wall rocks are highly mefamorphosed sehista wnil
graywackes, the bedding planes of which parallel the ore in dip
aned shrile.  The schistesity generally, hut not always, follows the
bedding. :

The gw.&ﬂls genernlly stand woell, snd spans of 14 foct are gen-
erally self-supporting, excupt where the ground is fractmred due
to folding. ‘The ore Itsclf is G}IELT!ICf-GT'iZEdg by fuw prominent slip:
and joints which, where they do wppear, are nseally horimontal,
The ore tends to adhere o the walls and, allhomgh 6 s nok self-
supporbingr over as long spans ag the walls, i lmae wnd Lerd and
stands well. Tk brouks large, amd conatderable blockholimge iz re-
quircd nn the griwelies nnder the stopes. In the primary zone to
which mining has been conlined in late yeard, the principal ore
minerals are massive sulphides—prrrhotite, yyvite, and chaleopyrite.
The panene minerals are chiefly lime-bearing silicates, quartz, snd
ealeite with which the salphide minerals are intergrown. The aver-
age grode of the ore m 1928 and 1929 was 10 percent copper, 24
pereenl sulphor, and 82 percent iron. The ore must be graded
vlozely to producs the required percehbnges ol sulphue i the divect-
smelting ora and in the ore which goes to the flotation plant, ik
being primarily a snlphur ore used for the manufacture of sulphuric
arid.
Before 1910 orve sbove the sixth level was mined by underhand
stoping in open stopes with irrepnlar pillars for sepporet of the
waﬂs and bacls. Spang of 40 fost or more between pillurs wero

2 yoMiushton, O H., Ainlor dechods of the Tenneszon Ceppoc Co., THigkEoan, enn,
inf. Circ. G140, Durced oF Koo, LHEH, 17 1,
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commen.  Sines then & large percentage of the pillar ore has been
recovered. Later, shrinkage stoping was PJII]}E:I}'E(L Ahove the
tanth level these stopes were carried longitudimally and virtually
the full width of the ore. DBelow thiz level transverse stopes 80
fect wide with 30-fool pillurs butween were employed in wide ove
and longitudinal stepes n nwrrow are.

In 1924 the sublevel stoping method wag nérodnced on the fonr-
teenth level and is now the prineipal method emploved, et i 1928
only 828 pereent of the entput came lvom sablevel stopes, Thuring
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MEURD 26.—3ablave] aetoplng In luwd ore, Trea-Rueen neine, Tucktowo, Teon, @ 4, Loopi-
Lidion] =tops In pocrow ore | I, frooaverse =Depne in widc oee,

that year 233 percent of the ore came from mining pillars under
old shrinkege stopes, 9 percent from shrinkape stopes, 17.6 percent
Lrom floors and pillars on the upper levels, 124 percent from flat
stopes nnd pulling caves, und 5.1 pereent from development in ore,

here the ore Dody is less than 40 feet wide sublevel stopes ure
ran Iomgitudinnlly, (Ses fig. 26, A} The block to be stoped is
developed by long raises driven on the footwall to the level above
(186 feet verticaily belween levels). Tn the block shown in figure
26, A, two oF these ratzes wore driven, one at each end of the block.
At 40-foot intorvals along the haulage drift 4- by -foot raises
called * pullholes ™ are driven to the first sublevel. Bublevel drifts
ur 40 fesl apart vertically, Before stoping is hegun chambers are
opened over the haulage drift at one end of the Block, wod grizzlies
are installed immedisdely over the drilt timbers. The total stope
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development required for preparing a stope 400 fest wide and 520
Teet long is as follows:

oot

Long ralzes {(2)_ e - - e 8D
Bulilevels (£ ____ R, 1, 201
Pallhales (8} oo —m e e e e e et i O[N]
L L o i i e E.TAHJ'

The tonnage developed, exclusive of ore In pillars over the lhaolage
el aned in Aoor pillarvs, i= 206,000 dons; thus 1 foot of developrncel
is required for every 8§83 toms of ore developed. Thiz development
aesists later in extracting the pillars, which contain an additional
103,000 tonz, 60 pervent of which (62,000 tong) ean be recovered
later. Thus o tetal of 130 tons ol recovernble ore is developed per
foot of stope development. .

Stoping ix begun at one end of the block, after the tops of the pull-
holeg have been funneled by drilling downward from the bottom
subleved ; ok the sume tine the hunging-wall side of lhe subdeift is
slubbed off, thus exposing both walls, Beginning ab the long vatge on
the second subievel the drift iz slabbed out to the walls, and the raiso
iz benched oot the fall widih of the ore. A slice abont § feet thick
wnd & fect bigh, extending from wall do wall, then is drilled and
bluzred below Che subleyel, pr'm-'iﬂi ner & second bench 6 feot lower Lrom
which downholes cun he drilled (o Lorm snether boveh,  Another row
of holes ks drilled from the sublevel, widening the secand bench, aml
downholes ara drilled therslrom to a third benel, forming o stepped
" Face az shown im the drawing. The siope then 1x continued in Lhis
form by slabbing and benching, refroafing from the raise. The two
hotton benches ace drilled with holes 10 Fuet dvep. The hroken ore
falls into the funneled tops of the pullholes and iz pul lleeegh the
arizzlies into earz on the level, When benching on the sccotud sub-
Fevol has voepreatad far enough, dz:hbi:u%h&nd henching are started on
{le third sublevel and, gimilorly, on the [oneth sublevel when the
benches op the lower sublevels are back far epough. Stoping may
be done simultanconsly from all sublevels. Fhe boneh oflsets are s
proportioned that men working on the benches between sublevels are
pever under ground which caouoi be tested from the sublevel ahove
with a 15-foot bwr, Al the Burra-Burra mine benching is done en-
iirely with downholes; in this respect practice at the mine differs
from ithat at many other mines emploving the sublevel-stoping sys-
i, where the stope fave is broken back by both up- and down-hules
- From the subleve] benel and the men do not worle on bonelies between
the sublevels, ) .

Bench Lioles are 4 to.5 fect apurt along the face, with a burden of
914 feet. The slubbing reunds for widening the upper beneh ave
drillen] A0 feet deep with three holes inoa vertionl row and 2 to 214
fapt of burden on each row of holes. Usunlly & holes cun be drilbud
 a chiflt. . '

Where the ore body is more than 40 fesl. wide the sublevel stopes
are opened np 40 feet wide acvess the strile of the ove body with
40-Tont pillars between the stopes.  {Sce flg. 26, B.) Tlese sbopes
are dcvcilu ed {rom erosscuts on the haulage level In the same man-
ner that the narrow. lengitudinal stopes are ocpened from the longi-
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tudina] drift. Up to 1928 no pillars had boen recovered betwoon
transverse stopes, but the methed of recovery will be the same us
thai emploved in mining the pillars belween the old shrinkage stopes.
Thiz is dome by partly aodercutting the pillar 50 feet ahove the hanl-
age level anid blasting the brolken vre into pullholes of he old slope.
Thaen, with deep-hole Tammer drills set in stations cut 1rom the foot-
wall paisme opposite the middle of the pillar, long holes wre fanned
cut inte the pillar from o fow feet to o moxdmum of 1306 fect in
depth. The holes aro logded wilh G0-percent pelatin dynamite and
detonated with cordeen, stariing with ihe boliom row of holes. The
churge is 0.1 peund of explosive per ton of ore, '
Drilling iun the stopes enst $0.07 per linear foot of hole drilled
(1928207, and an average of 48 tomz per deill-shift was broken
in the stopes, the powder consumption being 083 pound of 3%-per-
cent bulk powder per ton of ore broken. These fignres include open-
ing the gtope, eutfing grizely chambers, and funneling the pullholes.
An avernge of 725 tons per mwn-shilt was put through the griszlies,
with a powder consumption of (.167 pound per ton of ore. Latwr
for blocking and lnading through griszlivs was paid at 4 to 7 cenis
e ton,
? In 1928 direct stoping cosls, including Mlocking theough prizzhes
wnd coverityr 2l stoping—sublevel stopmg, minimg pillars, =hrink-
age, and pulling caves—were us follows:

THrect séoping noets, BwvwcBurre wiing I928
’ Cogt poir bog

Lahin e e - - N S § M &1
Chinnpressed oir, drills, sl zfeel - e— [ - a3l
ErjHosives e VS | | <-4
(ber eupplies. - - e e e L0

frotal ______ e emaem Z R £

In 1822, when a grealsr proportion of the ore came from sublevel
stopes, stoping eosls woere as follows:
tpad par fo

B 1T, A — S - - || Ny [4(1]
Compreszed alv, deills, aod steel. - . miee TLUEL
Teplosves.. oo .. _— S | .

Totalew . e e . 238

Stoping and biscking costs during the [irst 4 months of 1923 totaled
abont 21 cents per ton.

Productivity of all stope Jabor in 1928, when only 32.0 percent of
<he total output ol the mine was from sublevel stones, was ag follows:

Erpebupfiatiy of Inbar, Burrg-Burre ming, 738

ManTeaue ek per

Qecupotion : . e bowe ampeakifl
Drtlling amd blosting e LTI AT.0
Biocking theeesh grimslios . .18 LG

[ e o] ) PR e ———— R 280
Add shoveling (mugtly 1o alher than eublevel elopes) ., |, 258 3.0
ol __ - —— .06 I8.2

P Rgmll lennnge beIng mined inerenssd pro-ribie power ol
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MENOMINER TATGHE, KMIOHIMAN

The sublevel svstem of open stoping iz used extensively on the
Menominee range in Michigan, The ore bodies oteur in iron for-
- mations conzisting of fumraginons chertz interbedded with slates
ati] unaltered iron-bearing rocks. The structme of the beds i3
chamcterized by cloze and complex folding ond some faunlting, The
are bodies vaually dip at steep angrles and oceur on one limb of 2
major fold, hut frequently they covupy the entire trough formed by
g minor plunging fold and wre very irregular in cufline. The ore
is a firm, but not very hard, hydrated hematite which stands well
in large stopes and is not affected by cxposure to the air. The
ferruginons cherts wre harder than the ore and stand well, The
slates forming the walls awell on exposure to the atmosphere and,
am they contaln sppreciuble pyrite and earhonaceous material, are
aph to calch fire if exposed lomg in dry places.

Teually the sublevcl stopes refreat from the starting rajze with an
overhangring face, as in figure ¥, holes being Arilled Tpward and
downward Treen the snblavel benches without intermediate benches
gich ag are used ab the Burra-Burra mine. The sublevel intorval
usually is 20 to 28 feet, and with this spacing the entire bench
lietwesn sublevels cap be removed by rounds drilled dewoward drom,
Lone sablevel and npward from the pext sublevel lelow, Inm the
systean ghown in lpure € the ore is Masted into millheles funneled
ot ahovs & grissly level and iz pub through grizzlies mibo chutes,
whenee it is drawn inko carz on the hanlage Ievel. In some mines
where the ore breaks smaller no grizzlies are wsed. Tt iz advisehle
to keep the face of the stope as nearly vertieal az possible and at
the same tline to maintain the bench on each sublevel far cnough
back of that on the sublevel shave so that the mimers are protected
from, ore falling from the level above, An overhang of abont & lect
hetwreen sublevels 1z considered ideal,

Stopes arve carrled either Iongiludmally the full width of the ore
hody when the ore iz nacrow, or transversely with pillats between
stopes in wide ore.  The pillars may be recovercd later. In the
former case the ore budy may be sectionalized to provide more stopes,
and severnl longitndinal stopes may be worked at one tine, the
stopes heing separated by small pillirs as shown in figure 2. The
pillars between stopes alse reduce the unsupportad area of baels in
the stopes.  The ovcasional collapse of stope backs has not been
attended by seriouz consequences.  When this oeeurs it iz anly neces-
sary to stop back a short distance, lewving a thin pillar of ore againsi
the cave, and to resume stoping from sublevels already establizhed.

At one mine newr Iron River the stopes nverage 50 feet in width
wnd are 90 to 125 feef inlength, 'Lhe ore is firn skrong, and moder-
ately hard. Main levels aro 160 feel apart vertically, and the sub-
levai interval is 26 feet. The stopes are carried longitudinally and

separated by pillars 5 to 40 feet thick, Manway raises for entrance
to the stopes ave carried from level to level in allernuie pillars, the
other piilars Deing left blank, The ore is blasted into millholes
trom which it is put through grizzlics into chutes. The amount of
stope development per ton of ore stoped s somewhat higher than
at some mines where no grizzly chambers and grizely leveld are
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nzed, About 45 lons of ore is developed per linsar foot of stope
development, which costs about 8 cents per ton of ore made availublo
for stoping,  Light, wounted hammer drills are employed, and 50
to 60 feet of hole iz drilled per man-shifl. Brealage per man-shifs
Tor stoping only iz 40 to 80 tons of ore and for stoping aud develop-

- mant combined 24 to 40 lons, Explosive consumption averages 1.15

vunds of 4}-percont: ﬁclu.['.]u dynamite per ton broken in stoping and
Idaavelupnmnt combined. In 1820 four welive stopes were producing
?G[E long tong per day and could have produced 1000 tong per day
B foread, ' )

At another mine main levals are 120 feet apart and sublevels 25
fiet apurt verticaily. The ore runs fo 2 maximum of 220 feet in
width. In wide ore, Tongitudinal huulage drifta are driven in the
ore body on d8-fuot centers, Rudsts are pui up on 1d-foot centurs
on alternate sides of the driftz to the first sublevel, wheres they are
bellad out Lo veceive the ove ko be blasted from the stope faces ahove,
Stope grizelies are Dok emplayed ub thi= mine. The ore iz quite hard
amd dry and breaks with s [nree wreentage of oes, 18 1s drilled
with light, mrnked hanmer L]gri] 8, two men worling together on
eweh mgechine An wveragre of 76 Lo 100 Lot of hole s dellled per
rachine-shift, bt as muck as 150 feet can be drilled inder favorable
conditions and whea it ig not neceszary Lo rig up and tear Jown cach
chift. Heles are up to 14 feet deep. The )ﬂcf{holcs are the easicet
aml cheapest to drill and often are dreilled with o heavy burden of
£ to & feet. Some stopes have been 204 foet long and 150 feet wide,
with long hench faces acrosy the stope. These often are curved in
plan, giving henches congiderably longer than the width of the ore
Lendy. ~ In these wide skopes bthe capping eventually caves. A thin
pilar of ore then iz left to Lold baek the cave, and the stops is again
opened 11{1_3. The stope faces are carried whth only o sbght overhang,
gor that it 4 cave oeeurs & vertlesl pillae eun be lefl, thuz tying up
o mintmemn of ore,

Drring the frst-hall of 1828, 44 tons were produced per miner per
shilt, Ingluding miners on development.  Bivee there were as many
miners on development as on stoping the production per miner per

. shift m stopes was about 80 tons, I 3 wears and 9 months 976,806

tong wers produced Irom an average of € stopesz, or about 150 Lons
per stope per day. In May 1929, 24535 tons were procuced from §
stopes, working 9 days per weelt and enly I shift por day., This
is equivalent to 330 tons per stope per day. Constimption of explo-
sives awveraged 0.586% pound per ton, including development.  Owver
& period of yrars 65 tons of ore were made available for stoping per
Iitear foot of stope development.

At zome mines where sublevel stoping is vzed the oreis soft cnough
sir bhat it can be drilled with Dight machines wsing anger stesl and
is too wedl to hold an overhanging bench, Indeed, sometimes it is
necessary to slope the stope face slightly oufsward toward the bottom.
Fach sablevel iz thus stoped back farther than the one helow. In
sich cases ench sublevel wust be developed witl v sories of longitndi-
nal drifts if the ore body ts wide, ihe drifls being separated hy pil-
lars of such thicknegs (wbout 20 feet) thut they can be deilled and
blasted out by long holes deilled into the sides of the drifts. The
subdrifty are driven small in eross section. At the face of the open

el
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slope they are widencd, and the tap 2 taken down to make room for
long steels emplored for drilling upward and downward into the
benches and laterally e the pillare between the drifta. A round
of holes iz drilled up and down and lsterally into the pillars, and
all are hlasted tug&tllmr, the hroleen ore falling down the stope face
into millholes below., Az the miners worls baclk of the face in ithe
subdrifts they are protected by solid ground above them. In wide
ore more sublevel development iz reguired than where benches are
sarried, because ol the greater number of drifte.  Whern the ground
will nod: hold o beneh, however, it nsually 13 much aolter, the cost
por fook of driving ke subdeills is less, and the development cost
per tun of ore stopexd is phout the sate as in the everhanging bench
gystem used in harder ore.

At one mine using the vertion] or cutward-sloping stope face the
or# body wag very irregular in oubline and extonded 350 feat above
the hsulwge Ievel. It was worked s ome high stope with sublevels
25 feet wpart vertically,  When the mine was visited in 1928 3 sangs
of 2 men each were working in the stope (12 men on. the 2 shsfzix-s:
and the stope was prodieing 600 ton: o ore per day or 60 tona per
man-shitf. By working all the sullevels at: the same time the ontput
coudd have been increased comziderally. The stope face was curved
in plan and on some sublevel: was 200 feet long. During 1328, 200,
000 long tons of ore were mined, and the direct sloping costs were
as follows: ™ '

THvrenE sfoping GAsls, mmdne no. !, Wonnmiies raRge

Cat ?ﬁl' Cuck per
use

Ty lawg o
Tabor . $ 246 | Timber e BLOOD
Bupervigion - 051 | Other rupplles Fiks
Comprossed  air, Qrllls,  and
EEL oo A0 11 I 1
Tz plosives Lan .

Productivily of stope labor (including stope development), as
memeared inoman-hotes per ton, was as follows:
Man-hoiwr Tenz por

Clorupation : . gEr IO dtdd-RRifE
DBreaking —- [ - 0, &ha o5 T

BN 1113 —_ Dgw WirL 5
Bheveling ________ e e e LT TAT. M
Totulr e -l -T2 1%, 9

Consunption of explosives n stopes was (.619 pound of 40-percent
gelubin dynamite per ton of ore hroken.

At anether mine i which moest of the ore bedies were sinall ihe
laTgest stope was aboet 100 Ty 100 Leet in plan and 150 Teet high,
Bublevels were 23 feet apart verfically, and the duifts om each sub-
level wero 23 leet apart center to center. The ore was soft snvd was
drilled with juekbhamoner angers, Ralses were pul up alternately on
the right &nci Ioft sides 15 feet apatt nleng the haulege drift.

The stope face cloped outward toward the bottom, as the cre was
ton sofh and weak to held a bench, The ore brole fine, and it waa

= pnlen. Laeiern, Mindne 8ol Flemwatlli h;r' Apen Btopee nt Mines Moo 1, Meootninee
LBuoge, Miehdpan ¢ Inl, Clce, H1WG, Bucesw o Minos, 1080, 10 pe, :
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unmnecessary to use grizzliés, In stoping, 80 to 100 tons of ore were
broleen por man-shifk.  In one big stope two men rogularly broke
100 curs of 2.8 long tong cack per shift over a comsiderable period of
Lime, .
A -sublevel stoping method was employed under rather unusual
_eondilions at the Carpenter mine, Crystal Falls, Mich.® The ore
body filled a pitehing trovgh averaging 500 fect in length and about
Sk feel in width,  The suefuee muterial, consisting of fine, wet sand,
grravel, and o IdAle hard par, was ahout 375 feef thick, Haulage levels
wers 150 foet apart vevhically avd were driven In ore near the walls
of the trough, Thus thers were two longitudinal drifts on each
level. These were commected by crosseuts spaced 80 feel apart ou
the center lines of o sevies of 40-foot sublevel stopes separated by
40-Tel, pillars. Later crosgenis were driven under the centor of
ihe pillors, The stopes were developed by maises from level to [evel
on the venler line of the stope wlong one wall, one to serve a2z a
starting raise for the = ]pe gnd the other as a manway raise from the
drift newr the other wall.  Thesc teises were connected with » cross-
et on each suldevel.  The fivst sublevel wis 30 feet nbove the hanlags
level, and succeeding sublevels were 25 feet ppart, The top sublevel
was 20 fect holow UWe upper worked-out hatlage Jevel, leaving a 18-
oot pllar andee the level.  Chuote raizes were stagecred along the
main lovel eroswents af 12+ to 15-foot intervals and were puat ap to
the first sublevels Jater they were belled out as stoping retreated
toward the haulage driff. Stoping is begun on the lowest sublevel
at the starfing raise, which is that farthest from the manway rafses
and the havlage drift. A bench ia cut right and left from the sib-
level erosseut to the pillar lines, the broken ore falling into Che raise,
ung as the stope fuee rebreats ewch seblovel beuch 13 farther back
from the raize than the beneh ebove, this giving an overhanging
gtope Buoe. Upper holes were drilled 8 o 10 Faot E{:ep, and the bacl
wuz Blasted down: then, starting from the pillar end of the bench,
downholes were deilled and blasted, knocking down the hench into
the raike. The stope was continned] backward from the raise undil
the haclk showed sigos of wealening, then bullhesds were put in
each sublevel erosgent, and o mak of ore was 1eft in the bottom of the
stope. The bulkhesds were to keep sand and surfoee material fron
filling up the subdrifts, while the mat of ore protected the main
haulage drifh, They were of timher and had a small door through
which enfrance to the stope conld be gpined. They were placed
directly above emch other on the several sublevels at & point where
it wasz thonght stoping operations could be earried belore the siope
would eave throupl.  If the stope did pot eave alfter 2 or 3 daye 1t
wis entered through the hnlkheads, and another beneh wwas shot off
ench subleval to within & fech of the line of bulkheads. Then, if
the stope did nob cave, long holes were drilled in the 15-Toot bucl
pillar, and after the hulkheads wors closed these holes wers blasted
cleetrically.  ATter the stopes had esved and the water had drained
through. the chules and bulkheads the broken ore mat and the ore
ifrom the eaved back pilst were draown through the chutes until
dilution with sand prohibited further drawing, Then a new start-

'-*’Wur'ﬂca, iR, 1t;, Mowvol Methel of Bpbicvel Soplug: Eng wnd Mio, Jeur., vol, 136G,
Do, 231938, pn. 3BTRS,
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Ing raise was put np just back of the hulkhends, and stoping was
continued ng hofore,

After the stopez on each side of 5 40-foob pillar were mined anid
raved the pillar was develope] in the same manner as the stopes,
except that the middle or 80-Loot sublevel was driven large enough
to accomamodate clmtes and sublevel transfer cars.  Stariing af this
snblevel the upper half of the pillar was mnined by sublevel stoping,

_ dropping the oo inte chutes in the subdrift.  Asihe stopo rebrealed

teat holes were drilled into the walls Lo determine ihe position of the
sund in the old stopes, When a pillar was mined between stopes in
which sandy material sontpining some clay had remained for o year
or more and bad dried ot the LIl would stand without suppord from
tho ore, and the pilar conld be wined clean. When the O] was not
firm it was necessaly to leave noshell of ore 2 to 5 feel thick fo hold
it back. ‘After the part of the pillar above Lhe 80-fool sublevel was
mined the lower part was mined i1 s similar manner, leaving u
Lrfoot feor pillar balow the B0-fool: level.

HIARGUELITH RANQE, MICHIGAN

Sublevel stoping is employed in part of mine wve. 2 on the
Marguette Tanget?

The nre oceurs in troughs and folds as Jentienlar masses, shewds,
and chimneys. The dip of the formalion is fairly steep ot the sur-
foe and beeomes flatter wt depth. The ore bodies are small ard
scattered. The ore jtself 15 a sofl, hydrated hemuokile which can be
drilled with anger steel and generally requires timber support, except
i the smaller openings. The overlying jasper iz fuirly hard and
generally stands woell. The slate undertying the ore Bz somewhat
Frinble and drills and heeals veadily, bul as it stands at o sicep engle
little timber is requived fo support drifts through it. AMuch of the
ore is mined by top slicing, but in some of the nurrow, steeply dipping
ore bodies, sublevel stoping con be employed, and this method is useﬁ
whenever pogzible. TT the ore extends npward from 4 main Tevel »
drift iz driven lengthwise of the ore body, wnd raizez arc put up ab
25.0aut intervals on the lootwall side to the fivst sublewel 25 fool
above the floor of the main level. The main level 1s timbered, and
u chute iz built in every raisas ot ope, which is used ag a manwey.
The raizes are continued to the tI‘JF of the ore and eonnecled o sue-
cegsive sublevels, which ave 20 fewk apart vertieallv. Btoping is
b on the first sublevel in the raise farthest from the manway.
The raize is opened out into au inverted cone the fll width of the
ore hody, usaally 14 to 25 fecl, and uppwers are drilled in the back
arcund the raise and are blasted. This i repested on sueressive soh-
levels until the stope has been opened throngh to the top of the ore,
Starting om the dop mblevel two verfical rows of horizontal holes
then are drilled in the side of the snblevel drift at right angles o its
vourss mnd blasted.  This leaves room enough on the bench thus
formed to drill ong holes both ways from fhe gl'i'ft- to reach the wolly
of the ore body. When these are blasted a eut 7 feet high is left
across the ore body, Then e double row of upper holss Is drilled

= [ lLon, Tmelon, Minlue Bofl Tlemntite at Bioe Foo 2 of 41 Merquetts Bange, bMlehl-
gant Inf. Clee, 6178, Bupepn of Mined, 1920, 14 oo :
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and blasted in the brow over thiz euk, leaviog room to deill 1i-foot
holes into ibe remusinder of the brow above,  This peocess is repeated
o suceessively lower sublevels, and the stope face relreats from the
end ol the ore body, mamtaining an 50" slope backward from the
chilile, .

Dirvet stoping costs for 1998 in sublevel stopes at this mins wers
ag follows: -

Direod stoptieg ceale Lewblovel siopdingd, Aine Noo 2, Moryeelte ronge, 1938
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MOREANDA, QULERD

At the IMorne mine, Noranda, Quebec, 1 method is employed &imi-
lar in principle to the sublevel-stoping method for mining larg:
bodies ¢f massive sulphide ore. The large H ore body at this mine
has g maximn width of about 300 feel n pluces.  The ove and wall
roels stand well over spans of 50 foof or mors. Levels are 198
feel, apart vertically, and large haulage drifts sre deiven glong or
near each wall or nlong the menter ol the ure bady on each leval.
Stopes 46 fect wide are laid out between 85-foob pillara neross the

ore hody and are developed by inclined raises from the haulage.

levels, A serics of parallel brunch raises is driven from the main
ratses in cach stope.  These parullel raises eotrespond to the sub-
level drifts in sublevel stoping, and from them the ore is broken
dowm into the open stupes, whenee it is drawn off ihrough. chites
ingtalled at the holiowm 0% the main raises. Tigure 27, 4, is o vordical
crass zection through o fully developed stope aren estording from
the ninth to the fifth level, and figure 27, B, shows the method of
stoping from inelined stope raises by drilling np- and down-heles,
The are is a high-grade copper ore carrying appreciable gold valnes,
and after the stopes have been filled it will be necessary to mine the

illavs hetween them. The sulphide vre takes on a purtly oxidized

m after exposnre to the wimosphere for u few days; rnd milling
ore, concentrated by llotation, must be removed as rapidly as it 1=
broken amwd puf ihrongh the mill immediately to obiain maximunm,
recovery.  The stoping method wnployed permdts imnediate Jraw-
ing of the ore. : _

n stoping, the raises fivsh ure slabbed out to the pillar linez, mal-
ing them 46 feet wide. Then, begiming ul, the lower series of par-
allel bramches, the ore iz blasted off by up- and down-holes.  Simi-
inrly, bonches are blacted from the olther branches us soon as the
lower one is far enough hack so that ore falling from, sbove will not
endanyrer the workmen below.  Entrance to lhe stopes 1s thromprh

-manway raises in the pillarve, from which small drifts are driven 1o

the stopes. By the use of inclined ratses instesd of =ublevels no
mucking iz required, either in development of the stopes or in
slabbing operations, The disadvantages are that the men are worlk-




83.

DISCTEAION OF IMPFRRENT SrOPRE METIHODS

\x. G
_____\ T 3 ¥
3

BRI Ad s DONI eI0aF Popdos
mado go pompigut fF Staan #dms padupsan ey gSnoll OopaEd TRNTAA F MDY TpORanyg Whhet soeH 3% Snpdo)y meI0--tAn GUOEGE

.e,
oo B, | %
A 5

g

X-X-X AW ND NDTaromd BAUE 40 DL 30 WETIS. TS,
s 2 g
I

7 ﬁaﬁ\m\‘ %‘ |
[ T ._..ﬂ_..mn_m_1 z W
_M\mm\%ﬁ&@%% nM., N_‘\N_

P -
z B R

i
[r

H
- B
“ ﬂ

i

LI ENE

%

m E\x
_%\a\ 7
|

=
= asjel JR|pd-
2 wal] sauanuy




84 BTOTTNG MUETHODS AKD (OSTS

g on an inclined bottom at the edpe of o high open stope; it is
difficult to reach and trim the back; and hsodling of steel, drills,
and drilling gear is more diffoult than on level beneiies.

SIIERLITT GLEUON MINE, MANTTONL

Brown® has described the stoping methods at the Sherritt Gor-
duon mina. The ore tecars in two elongated, leaticniar bodies, Tho
vast ore body is 4,200 feet long and averages 15.2 feef in widil. Tt
dips 45° north ul the west-end, stecperung gradually toward the
cast Lo no. 1 shaft, where i is vertical, and ihen changes to o south-
erly dip which fattens to 40° st the east end. The wost ore body iz
5,80 foet Tong, with an nverage width of 154 feet. The dip ranges
Trom 30° to 65°. In both ore bodies the width varies greatly, rang-
ing from a few inches to over 50 fect, The ore snd walls are firm
and stand well over wide spans,

An adnptation of the sublevel-stoping system employed at the
Burra-Burra mine is employed for stoping ore dipping sl angles of
45° to vertical. The levels are 150 feet apart mepsurcd on o 51°
dip (the shaft inclinadion). Tnstead of sublevels being used, how-
over, the ore is benched down in sigle slices or benches about 8 feot
wide from one lovel to the next. Boxhole raises wers pat up on e
footwall side of the hanluge drift on the third or Si-foot lovel at
intervels of 30 feel, These sre funmeled oot abowe the level until
the funnelz sonnect, ated the ore iz slabbed off -te expose both walls
on, the stope floor above the raises. This slabbing was contracted at
B0.40 to 50.50 per ton for Inbor and exploaves, the pries vearying
with the width of the ore, ' :

Starting raises wre driven through from, the third level to the
second level, then to the first lovel, and finally to the sublevel helow
the sorface pillar. These raises ave 120 feet apart along the strike
of the ore body. Htoping is begun at the second level by slubbi
wround g starting ralse to expose both walls and cutting w bonc
aboot B feet wide ot hoth zides of the radze. The hench on mme side
is then earried down unriil it breaks through to the stope floor helow,
the lolen ore falling inte the belled-out bozholes ab the thied leved.
Holes in the benehes are drilled 10 feel deep. and each blast ewrries
the beneh down that distance. Snceceding benches are carried down
in the same manner, retreating from the raisc. After a2 stope has
rekrented 30 to 40 fret back from the raise o similar stope iz besun
on the next higher level, the ore falling down throush the lower stope
to the boxholez af the third level. Similarly, when this stope is bacl
far enoegh the stope abovo s beamn and mined back.

Wheore the ore wag over & feet wide three men were employed on
each penclh; in narrower ore only two men were emploved,  All
work in stopes was done on contract.  Contract prices covering labor
und explosives were as follows:

Width of ore: . Prive per ton
Over 16 feet__o_——— _ - —— 30
Gver 12 fost, bess than 16 ferioo - L80
Over O feet, Iess than 18 feer . ___ - i)
Ovar & focf, Ioss thon # foed - L 4h

Tais thim 8§ Ferlemm— o ma————r— e e m e mm e e - B}

@ Hrown, Mdun L., AFolor Methods and Cests =t the Hherrltt Goveton Mine ; Cenudinn

" Ipat. M, nnd Metr, Beil 255, Seplember 1955, pp. 48—t
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Where the dip is less than 45° overhand open stopes are used. A
stope floar iz enl qut in the same ruanner as i the stesper ore, excepl
that regnlar pillars divide the ore body inte 100-foot sections. A
small heading Is driven into the hanging wall for ahout 18 fecet to
sprve 88 & sorwper station, A bench isgbugun each way from Lha
tood of the raize in the centar of the stope and earried horlzontally
45 to 50 feet mnd the fall width of the ore, exeept where it exceeds 8
fest. In ove over 8 fect wide ihe bench is curried €14 fect high along
the hanging waull, and the ora left on the foctwall iz taken up by
underhand working, uging ploggers,  After thu firsl hench iz finizhed
& seeond iz begun from the ralse in the same munner, When the
hack of the s,tU}}m vetg s far above the boxholes (lat (he muck slarts
to pile up on the footwall, a double-drum seraping outfit iz put in
aperation for seraping ihe ore down to the bogheles, Ore i seraped
guecessTully for distunees of 200 fuet on the incline.

Direct sloping costs during 1981 and 19582 were ps follows:

Direet stopitsy cogte, Sherit! GFordon Mide, 1I3-42

[Ipa%s per tom uf Ko inzta per ton of any
- . | Teip, Ivsq - Trip1. liss
Taip, 469 &g ke ¥ L33z, 45° to - 1
W T ‘Jﬁ'u”ug]“" ° 193 112 ﬂ'ﬁg};};‘
_ H
1 Fin 238 50,302 || Covopreazedalr. . - 025 § I 181
Faeplosives oo oo 210 IOT IR | =e el o N [ — : -0
D1l cepairs woel delllny Idtue, paoeul . B AEE] NIz
AT o e il UG e —_
Eceelﬂnd slenl sbiarpentor. an? 7 'I-:-m].-.--_...----.l AT L7

Costs include write-ofis on all machines and eguipment vsed, The
average cosl iz slightly bower on dips of less t.%a.n 457 heeause fHat
stopes were nol begun uniil Jammary 18982, when gencral cfficiency
in i}he- rnine was beller than during the fest 8 wonths of 1931,

EPRING HLLL MINE, 300N 1mavs #9

The ore accurs in large, irregular, contact-metamorphic deposits
containing gold as the only valnable mincrul. The contacts are be-
tween the lTmestone and an trusive hody of Hne-grained diorife.
‘The average prade of the ore iz about $6 per ton in gold. It Js
extremely hard ond tough gud will stand over spuns of B0 feet or
more, although it i cracked wnd zeamed in many directions. The
ore is guite irregolor in ontline. The dip is pearly vertical in most
pluces bul, locally flutiens to as low as G0°.

Levelz: wro spaced ab 100-foot verticsl inlervals, from which Cho
ore waz developed und mined for a time by shrinkage stoping.
Owing to the width of the ore and the naturas of the ground shrink-
age stoping, entailing working under wide hacle, waz dangerous,
and a modifiod sublevel-stoping systern was Inaugurated.  An inter-
medinte level or sublevel was driven halfway betwien the haulage
lovels, feom which ke ore iz benched down imto the partly com-
pleted shrinkage stopes below, as In repular sulblevel stoping. Where

= Pierer, A, 1o, Miolop Mothods ynil Ooeie at the Eﬂ:ﬂng HI dMiee. Montenn Mioes
Covporntlon, Huelsow, Mont: Inf, Clre, 8402, Bocowit of dlnes, 1531, 11 p
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the are body 15 narrow shrinksge stoping is siill employed. It i
estimated that 90 percent of the ore above the haulage level will
be extracted by the present system. Thers is virtuslly ne dilution
of 1he ore with wall rock, and the latter stunds well. Pierce com-
pares tho old (shrinkage) -and new {sublevcl-stoping) systema as
follows:

Tn o wide ove bhody, sublevel stoplng bag the tollowlng advantages over
ghrinknge #oping: () &nblorvel stopioy i@ safer oaase men aro workingg
under @ freshly brolen ond boered buek whicl, iz veadlly accessilile duting
the shwrt Hwme il seeved tur profeccion, and the men gte ot exposcd to the
ilanper ol hiwing afegworn down wikh ihe oo if the Leammers pall the wrong ehute
ar iF the ore lanes up und swldenly drvope; (2) wore ofe 18 recovoesd, ag
{rroguloefiies are foand oand Colbowed more casily; (3} the cosk ol mining
is lowor hecanse pglderd do oot Lave to be dog put of the ore (0 be hlock-
holed, sod none oscele the gvizgzly to slow op trambnisge: (4) 16 cllminates

. e investment in hrken ore, which becomney excessive with g lurpe ove bholdy;
(6) teamining Ivom any given pullhole docs not huyve o slop becangs juen are
wocking sbove it

The direci sloping cost, August 1, 1928, to April 50, 1980, was as
Tolloves:
Direct sbopdmy post, Borig AT miue, dag o, FS8Y, e dwe &0, IR30

raf por teit

Linhes,”™ raining. - R - e oo R0, 204
Taabor, blockbaliog o . 2TH
3k TaR
Clompeessed ale, ddvitie, and scewl o e L 12
Explosives e - 1R
Olher sepplice S S —— LAuE
Total . __ — ————— - . 1,078

Productivity of stoping [abor In man-hours per ton was as follows:

Progualieity of stoptie Tabor, Speicy FIH anine

Moa-fawry T'iaes e

wEi tan ta i m-a it i E

Dreaking {drilling and blesting) . [ LN Eria) 11.8
Blockholwg_ ... _ _ o [ ! | ' 18,7
Potnl e S I | ) i 7.4

The above tosks were obiained during the lransition from slieinlk-
age stoping Lo sublevel stoping and Inchide shrinkage-stoping costs
in part of the mine where the ore hody was narrow; therefore they
do not indicate [he Tull benefib derived from the change in the stop-
ing system,

HANDTE HHSSEMER TRON & COFD'HE 0., TIERRG, %, amx™

The: ore ovcurs in lenticolar massez dipping abent 50°, As if is
very irregular in iron eomtent awd distribution of impurities—chielly
sulphur, siliew, and magmesia—a sboping methed muzt be used that
will permit selesd.ive mining and aullow ore and waste to be talken ouf

M Tgbor includes gurface labor fw piopl 4hon ond compressel Teom, !

= EniPen, Llowad 3., Mloulng aard ]i:ugiﬁ'-'!l'!ri:lf Mutlads and fnsks af the Iaanver
Eeapapiee Irnz $ Qoppee oo, Wereo, M, Mevw,: Infe ive. GiAGL, Burean of Mincs, 1530,
29 .
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soparately ag conditions change, The ore ocenrs az replacements in
limestone beds at and near their contacl with s granodiorite bath-
clith, The magpetite ore bodies are vory irregnlar in size, ron mors
or legs parallel to the granodiorite contach, snd usually are lentienlar.
Oecnsionnliy a thickness of 200 feet iz alfnined, bul Lhe pversps is
abaut 4] feet, In many instances alternute buds, one shove the other,
have been replaced, Teaving beds of altered rock and low-grade iron
betsrenn, and four parallel beds often ocenr.  Lhe ore and wall rocks
are strong and self-supporting over eonsiderable greaz. Levels arw
diriven in the lower ore bad a2t 125- Lo 1IT4-Tool. intervalz, and from
these ¢hote ryizes nre 0 ad 150-foot intervals along the dvafls to
grizzly chombers 28 feel above the level.  The grizely chambers are
connected by a manway drift, to which aecess iz afforded by manway
raises hallway between the chute raizes, From the grizzly chambers
inchied stope raises are opened the full widih of the org, pitehing
up along the ore body whout 45° from the horizontal. A prlot taise
alzo is driven siraight wp the Jip from the grizzly chamber to the
next level. A small pilot drift is driven slong the orve under the
25-tont floor pillar of the level above. Bilarling on the pilob-drith
level af the pilot raise and at the intersections of the pilot-drifi level
with the inclined stope raises the ore iz benched down by under-
hand mining, the bruken vre running by gravity to the grizelies he-
low. eeasional commections from the stops raiges o the Tower bed
aliows the ore from the stopes in the upper beds {(which are mined
in the same munner) to run by gravity to the prizzly chambers in
the lower bed. Trreguldar pillars ave left s requrired to support the
hanging wall, and wherever possible the pillars are Toft m lean, hard,
giliceous material, When stoping is nesrly completed in one section
of an ore body, pillarz of ore can be trimmed considerably and in
many cases taken oub entively. Caving eventnally oceurz, and the
limestone between the ore beds and horses of waste Lull and mix
with the remains of the oo pillars, Ofien it is possible to drase
thiz mixed material and recover the magnebie ore o the cobbing
olent,

t Clazts of stoping per long ton of ore mined In 1930 were az follows:

Stoping oosls, Fargver Hossewor from £ Copper Co, A0

i Luhac Anpizling “w“fl'j?'“'ﬂl Fobud
1. Bteping (lheet breaking):
e - i 0, 111 £0,073 £0.154
Eaploeires. - N Rk Al
Mueking. FLIILY I PR -Anl
‘Timehoring. LAl NIE:) 2L
Liplog- .- Rl N2 .. NiE
Groeosl_ - e e e e 11 | BT
Fotal stoping {Oesh beealchue) 126 e o4
2 Baeernloey Traaklng: B
B T T U e e U] il
Hvplozlven_ .ol . e et R v e
Criealy rriimlesne ., - - o2 [LIE 1N PR o4
emera ] e LT (R [ ——— it}
Taial secondory broskiop. . ao oo urareraerua -agl Q2R ik 10k
BT Ty T~ U . lT-]' 120 | L MG LAl
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Consumption of cxplosives per long ton in stoping is 0.855 pound
for fivst bronking gl 0.086 pound for secondary breaking-—s, total
of (.45l pound per ton.

ETAMMART OF (FER SOOPING

1. dppliceliity.~Open-stoping methods are applicable to the min-
ing of stuall and Iarge depozits Dipping at angles Trom horizontal to
vertiond wnd having fivm, strongy ore and wall rocks that will suppart
themsslves over copsiderable areas while the ore 15 being taken oult,
Tho sublevel-stoping systemn iz adoptable to somewhat weaker oros
and wall recks than other open-stoping systems becavse the men
always are working under solid bacles whieh ean be readily inspected,
trimmed, and kepl: safa, o

8. Flepibility—Considerable flexibility can be sttained in open
shoping; irregularities in the are hody can be followed, Tean ore and
waste melusions cum be left as pillars, and waste can be soried and
rejected from the broken ore. The ore ean be removed from the
slopes ws 16 iz broken; or, if degived, considerable ore oficn ean be
aecumulated in the stopes to provide a reserve of broken ore.

8. Becovary—Except Tor ore Hied up in pillars complete extraciion
of the ore is obtained readily.  Since the stope walls are cxposad at
all times are iz nob apt to be overlocked, snd ivregular tongues and
offshootz of ore may be taken out. The amonnt of ore left m pillars
varies considerably with the strength of Lhe ore and wall roeks and
thelr action on prolonged exposure to the air and with the need for
permanent support of the back snd prevention of nltimate caving
and snbsidence. From 10 to 40 percont of the ore may be left in
pillars, the higher pereeninges being left where it is impersiive that
breals In the eapping he prevenied because of nverlagéing' water-
bearing strata, streams o lakes, or snrface improvements, Often g
iarge percentage of the pillur are may be extracted before the mine
iz Eﬁaand_imed go that the final loss of vra in pillars may range from
zore (in cortain small ore bodies) to 14 or 18 percent.  Except under
special conditions, nzmally 80 to 95 percent of the ore ultimately ean
be recovered.

Prevelopment—Development is largely in ore ovee the ore body has
hoen penclyated, and large development openings can be employed
without aueh additional costy since with large headiogs the cost per
tom is lezs than with small keadings although the cust per linear foot
driven may be greater. (ace the ore body hus been penetrated stop-
ing can hegin almost Immediately without much proliminary stope
preparation.  {The subleve]l stoping system is an ecxeeplion, but the
preliminary work serves to block out the ore thoroushly ghead of
stoping und wssistz in obtaining low over-ull cosls)  Tn some mines
using the open-stoping method the ore is developed largely by ad-
vancing the stope faces. If the ore iz high grade some means of
extracting the pillars mnst he emploved. and this may nscessitate
filling the stopes and wsing a supported-stope method for pilar
FeCOTETY,

Table 2 gives the development cost in feet of developinent per ton of
ore developed, s well ag the tons of ore developed per linear foot
of stope development, at g number of mines employing opeu stoping.
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25 Ieal.,

A Chrey zolk wod muk very slrpngs stats hoee flnged eewand; enblewel interval, 25 foot.

¢ (ee and walls firm, ore modecotely liord,

A (rg ] wenldz aeil rodk sibeiae anblavel lntsryal, 24 fear,

9 Ora and valls liaed wodk slcene; inlereed hegseen leeflieg, 0 fost renter mooreater.

& Coet of open sfeptug—Lhe cost of stoping generally is com-
paratively Jow in open-stope mining.  Althongh the ore often iz hard
holes uzually ean be drilled 1o breal to 2 and sometimes § Iree faces
Tor blasting mnch of the ore. 1o deposits dipping at angles steeper
than the angle of repose the ore vins by gravity to the llﬂul&if:—levd
chules, wnd in fatter deposits power sorupers vsuully can he em-
Pluyed to good advantage, so that lithle hand shoveling iz required.

ireot stoping eosta per ton mined are given im dable 8 for a
nymber of mines usiny open-stopiye methocds, :

Table 4 shows the producstivity of stope Tabor in man-lours per
ton.  Table 5 shows consumption of explosives in oper-stope mines:

1580E5—a1——7
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Shrinkege

AHEINEAGE STOFING

shopin

mm itz simplest form is cnployed for mining

tabular deposita of firm, strong ore renging lrow 3 or 4 feel in thick-
ness to the muximum thickness over which the buck of the stopes will

stand unsupported, enclosed between strony walls and dippin

ik

angles of H0° to #0°, Tt iz also used for vunmgr deposits koo wide to
stand unsupported, in which ease the stopes wre run ok right angles
to the sirilee, are of 4 width which will stand safely, and are separated
by transverss pillurs of ore. These pillars oflen can be mined
economically later, but nswally the stopes wust be filled first, and a
diffarent method of stoping may have to be applied for mining the
pillars. Modifieatioms of shrinksge stoping are nsed for mining
large masses of low-grede orss In modifieations smeh as those cm-
ployed at the Alsska Junean mine *® and the Teatson mine * the
stope backs are broken duwn by large blasts, Thesa methods s
rometimes referred to ag caving methods, but, as the stopes are kepl,

2 Bradler, T, R., Mining Selhods gal Cosky, Alesky Junean {3l hl]ntl::g Ca,, Juwean,
Algakin s TnE Cireé, GL8G, Bureny of Mines, 19249, 13 pp. .

‘& L'realey, Bevan, The lotonabe Rpslea o AEinioe ae Tevelon
Kenueeolt Copuer Corporutlon, Latouche, Alazka: R, Ingt.

i, 1027, 28 pn,

el ol Che Meefson Mine,
Ao, wnd Ret, Eng., 1™,



DIZOTESTON OF DIFFERENT STOLPKG WBrHEODS aa

nearly full ol Broken ore and stel ewving as oveurs is forced by
blasting, the anthors hove classed ther, gs varintions of the ghrinl:-
age method. Shrinkage stoping ulso is employed In combmation
with other methods, Thug bounﬁury shrinlmoe stopes often are nsed
to cut off caving bloeks in block caving. ﬁ'.t some instances first
mining iz done in shrinkage stopes hetween pillurs, whersas the pit-
iarg may be extracted by caving duriny linal deawing of the shrmlk-
are stopes, by sgprare-setting, or by top-slicing.

ORDETALLY S1IMINICAGH BTOPENG IN FARRGW T0 MODEREATELY Wi
DEFDRTTS

Nurrew to mederafely wide, tabular, steeply dipping deposits
allord the simplest conditiong for shrinkage stoping.  Development
consists of o single drift in ore on each level, nsuully wlong the foat-

W lan o a7
Dilwmon ] []

WeTikLon REe XM MRITLY
Solid are 3
! :

| Fnsa murd
i

Eaubbing Inviea

1
f D:D kb In Ll ks I S
L. bar ixncd mralin g

& : ' Feaseeragl
Fosley F—Borinags Hl':rEﬂng a0 IEICE pillery, Meyado-Mweanchuacita i, Kevade: 4,

Tirlivn Jongl [ludioal prajecticen g F, vertleal croez pectlen x—%-

wall of the vre body, with chutes at inlervals of 10 to 20 fect for
drawing off and loading the broken ore. ({In fig, 5 a drift 15 shown
timbered with regular sets, which are lagred over {0 hold the broken
ore in the stope.] Ip narrew veing stull timbers may be nsed in-
stead of regular drift sets,  Sometimes the drift iz untimbered, wnd
tho stope is begun 10 to 20 or more feet above the baclk of the drift,
in which case chute raises are pul wp at regular mterval: along the
drift znd are connected by o stope drift, the bottom of which forms
the Bottomn of the stope, leaving arch pillars over the drift lor sup-
porbifg Lhe hrodwn ore i the slepe. {See fir 2833 I the Waﬁa
are good these pillars eun be récovered later, It any cnse the stopes
are advanced npward by horizomtal or inclined slices the full width’
of the vein, which may be drillod with the flat breast Lholss 2s shown
in figure & or with holex drilled upward in the back by means of
slopers. The miners work on top of the dre, and as the stope
advances encugh of the brolken ore fa drawn off afier sach blast to
provide working room. hetween the top of the pile and the hack of
the stope.



a4 : ETOPING METHOTRE AWD CORTS
HICTADA-M ANE AR TTEET LA AIINE, BILL CITT. HEF.™

The ore iz a tungsten ore earrying 0.5 percent of tungsten tricxide;
it oecurs in limestone beds ot theer contuct with gramite, also 4t =
eonsiderable distance from the granite. The ore is mined from two
limestoue beds, the most productive of which aversges 414 feef in
widtl and Jips al an angele of 755 The bed has been displaced 3 to
@t Lewl in places by posimineral faults, The walls stend well with
a moderate amount of support, and the ore breaks easily, It is
stoped In sectiong 75 or 80 feel long by longitudinal shrinkags stq}ms
carried on arch pillars over the backs of the haulage-level drifls.
(See figr, 28.) ‘

Teo prepara a block of ore for mining o venlilellon raize 1z put
through to the levsl above ab & poink us fur Leom the shaft as peos-
sible. " While thiz i3 being driven chute raizes are pub ap st 15- to
di-fool Inlervals, and chiles are installed. A manway for gceess
to the stope is begim 73 or 80 feet from the ventilation raise. If the
ore iz damp and apt to hung up in the stope, chute raises are 15
fect apart; if the ore is dry and free-running, S-foot spacing is
employed.  After the venbilation ruise is compluted, the chogtes.in-
sta:hcd,_, the topa of the chole raises helled vl Lo comnect wille each
other, and the mapway started, sloping operations are Legun,

The stope 1s advanecd ag a single face by horizontal slices drilled
with Leyner machines if the gronnd is hard, or by vertical sliees with
hand-rotated stopers if the grownd is comparatively soft. Twao
miners are employed in cach Tid-foot THock; they advance toward
wach other, one starting at the ventilation raise and the other ab
Lhe manway raige at the opposite end of the block. Enough broken
oee s drawn during stoping to lenve § feet of headroam hefereen
ihe broken ore and the ]Eucr The stope i5 earried within G feek
of the level uhove, lenving a [oor pillar this thick ander the level,
which is blasted down ko the stope before the level iz abendoned.
When loose spots of hanging woll ave encountersd S-ineh stulls
with 8- by 12 by 13-inch headboards are installed to prevent dilution
of the ore. In final drawing of the stope the top of the brolen
ore Iz lollowed down by timbermen who catch up alabe of loose
hanging wall and trim down any ore left on the wallz,

Direct stoping costs Tor 1028, when 40,824 tons of ore wers haisted,
wers as foliows:

Frireet stepihy easle, Nevrda-dfdssaehnrstis nefas, JH28

Charat i Tnm Coat pesrtog
Labod e F1. 862 | Tiwbher - - 0. 1405
Fupervision . .ce—memmeee—y W3 | dMther sopplles L 20T
Trilte and wleel LIy
Towrer [l compression) —a—--— i1 Total & T
Emnlogives ——  JE55

Miners and timbermen were paicd $4.25, mnclers §4.78, blacksmiths
$6.50, and hoistmen $6.00 and $5.75 per shilt.

Prodnctivity of stope labor, ss measured in man-hogrs per ton,
whs as Tollows:

W 1 Lgdpivr, £4EL T, DoeLbog gnd Coet of Miniog Tungesion Ore ot the Mevodo-ifossnchusetie
Ca. Mines, M1 Clty, Sev, : Inl Cive, 8281, Iureas of Mines, 1930, 13 pp.




"

DISCUSSION OF DIFFERENT STOPINE METHODS o5

FProductéstiy of stope Laboe )
Men-boure  Topy iﬁ‘

Dheempation @ e toa wvan-ghiff
Drenking ae-- “ [ — 11. 4
Timberine_ e e W BTG 518

Bulitoal . I ) 3 Toid
Bhoveling anid (Cpmoming .- - L B3 21.3
T'odanl ———— : - - 1 458 L

- Consumplion of explosives wae LGG0 ponnds of 35-peroent gelat-in
dynamite per torn mined.

HARMORYT MINE, K¥AERKR, IRAHG T

The ore ccours in sheeted zones, in thick beds of highly ailiccons
shile, ag regular shoots gr pipes of primary chalcopyrite which s
part.lfr oltered to bornite and chalcocite in the upper levels. The
are shoots are inelnded within the fractored zones and wnre uniform
in their principal cheracteriztics. The main ore shoots avorage &
feet in thiclmess and 80 feet in length and dip 60® to 65° The vein

FuUnp 20 —8bkrinkuge  aloplog, Farmony 1oioe Baler, rdubo: 4, Ceoernl verHeal
lungitndinal prajection ; B, meilod of eabcing srowmnl griswly pillavs.

filling and ore ave diffienld to breuk, but plabes of wealmess in the
vein parallel to Che walls assist in breaking, Both walls are hard
shale, which stands well and shows no approciable alteration after
long exposure, Tn 1929 about 150 tons of ore comtaining 4. pereenl
of copper wers being mined per day by shrimkage stoping.

Aflter a hawage drift has been driven o the limits of an ore body
n stope ig developed by i1151';.s|..'llinlg double chutes on 40-foot centers
and manways ab [20-foot intervals. IT the stope is legs than 80 fuet
long only one manway i= necessury. Ralses for the chutes arc & by
19 feet in section end are driven 18 fook abiove the back of the drifi;
chutes arve then put in, the chute ratses helled oub as shown in figure
@, and grizzlivs installed, A 4Ty 5-fool rales iz driven to the lovel
above at the far end of the ore body for ventilation and ae a startingr
point for stoping rounds. From the cuds of the belled-out chates
raises are driven at an piatward inclngtion of 402, und sbout 12 foob
whove the grixzlies flat ralses wre driven from the backs ol the 40°
Taises to meet ench other, thus cutiing over a pillar which is left
ghove the grizzlies fo protect the grisly men, (See fig. 29, B}
Flat madses xlso are driven from adjoining chutes o mest each other,

Stoping proceeds along the entire atope as soon =s the work
sround the pillars hag been complefed. The baclk of the stope is
drilled with automalicolly rotated wel stopers, As breslking pro-

% Oprdner, K. 1moeat, Minplng Pructive at Humony Mipea Cp,, Snker, Llabho: Inf.
Cire, Gid, Burenn of Mgy, 1R, & [
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conds etnough ore i pulled throngh the grizslies to keep the top of
the hroken-ore pile o convendcnt distance helow the back of the
stope.  Aboot 40 percent of the ore is drawn off during stoping.
It 1= continued boyond the level above until all pillars on that level
are talen out.

When a chute is huin% pulled ono man iz required on the grizelies
to work the ore through wid bulldoze any boulders that cannot be
broken with o hammer, :

Direct stoping costs from J anuary § to June 5, 099, when 19,000
tons were cxtractod, wore ns follows:

DHirraf sfoping oosls, Jlarmeady miue

Oput {ant
oon ot or fulk
Lohor ____ - - Sy I 2 T {305 A | 1 4
Baperylslon_ .. .ol Other sopplles — .22
Alr, Arills, and skesl_ BT
Powot ——— . LG Potal e~ 205
Timiter .18

Productivity of stope labor, as measured in mun-liowrs per ton, wus
us follows: -
Produetivify of sfope eber, Huratongf mine
Mast-faurs ﬁ"mreﬂmr

Oecupation : . per tea wer-eRift
Brealing [dritllng and 1Hagting) 1.3% T
Ahovellng _.._ - w—m - L O Ta5,

b 1, 25 8. 4

Copsumnption of explosives was 2.08 pmmdsz per ton of ore,
NOEICLATE, ILL.

Shrinkage stoping is employed for mining fluorspar at mines near
Beogiclare, 11, The flunespar iz found principally in faull fissores,
wholly or partly replacmg caleile, .

At one mine™ the vein atlains u maxmum widih of 34 feet;
widths of 18 to 20 fect are commaon, and the pverage width 13 ghond
12 feet. The length of the ore shoot is 900 feot, the ore being
virtezlly continnous for this distanee. The dip Is almaost verbical,
Eoth wallza are limestone, except near the surloee, where to o dgpt}:
of 170 feet the hanging wall iz a sandstone underlsin by a bed of
shule, This npper gectlon was mined by square-set stoping and the
rest: by shrinkage stoping, The Lmestone walls are [rin and will
stand for a long time after the ztopes have been mined out and drawn
oy,

’th vein is developed by haulage drifis spaced 100 feet apart
vertically, TIn wide ore raizes are put up on 25-foot centers along the
dvift and commected by & stope drilt above the back of the level so as
o leavws an arch pillar as thiek as the width of the vein.  Tn narrow
ore the drift is timbered with stull sete upon which the brolen ore in
the stopes is supported, and chufes are installed o every other set, the
sels belng on 6-feot centers.

B Raveejer, LHdwin ., Methods and Coat of Alinlag TIuorepor at Roeiclare, I1, : Ing, Cien,
G2, Burean of Minee, 1020, 10 pp.




VISCUSEION OF DITFELENT SPOPLNG MIETEHEODS a7

Individual stopes range in length from 100 o several hundred feet.
The back of the stope 15 carried 2z an inclined stepped face; thus
the top of (he broken-ore pile is inelined and slopes from the bottom
of the siope at one end to the highost face at the other end. The
top of the ote pile ia kept 6 or 7 fret helow the back of the stope.
The bacls arc drilled sither with uppers, using stoper drilla, or with
flat heoles, using light hammer driﬁs, Flat holez are preferred and
nsed wherever possible, Froguently they can be drilled 12 or 15
tert decp and m wide ore are especially effective, producing lezs
fines than the vertical upper holez and breaking more ore por font
of hole drilled.  Stopes are carried through from level to level with-
ont, permanent level pillars being left.

Direct stoping costs during 1528, when 5L208 ton: were mined
{of which 25 percenl was stoped by square-setting and the halance
by shrinkage stoping), were ag follows:

Direct stoping covfs, Hﬂiﬂieie IFryarspar anile, 1999

Cost pov ton it por twe

Lakior S0OP00 | Weeploslves . _____ F0, 213

Bopervislon o e U200} Timber NEE

Clompressed olr,  drills, ond Other supplics____________ . 033
0 LU W 1.1

Tuwer_ o BT Trdal im—em BTG

At the Duisy mine of the Resiclare Lead & Fluorspar Mining Co.*
there are lwo veing, known respeclively ae the “ Daisy ™ and the
“Blue Diggipgs " veing.  The Daiey vein dipz west abong 70°, gl
the Bine Digrings vein dipa east about T0* near the siveface, flattening
to 35% at a depth of 640 feet. The two veins Wiloeswt o shord
distanee below the G40 lovel. The ore oot in lenses or pockets
witich wary in length and are 2 to 30 fect wide. They are separated
Internlly wnd vertteally by pinches where thers is little mineraliza-
tiom. The hanging wall usually is heavy, and Jarge slabs of caleite,
limestene, or shale slough away wnless prope aro used.  Most of the
upper portions of the vein are badly wealhered, making timber sup-
port neecssary in sloping The ST'It'in1{:Lgﬁ—5['.[}}_:ir|g method 15 sm-
ployed below the weathered parts of the veins,

The veins arc developed by levels at depths of 180, 800, 412, 537,
and 640 feet. The drills are driven the full widih of the ove, and
stopes are hogun by tuﬂcin% & ghope slice out of the bacly, beimgring the
back about 12 fect ubove the floor of the drift. From the top of the
muck pile o sceond reund s deilled in the back but is rotb blrsted anti]
lafer, Stall timbers ate pleced every & fest at drift Hedght and lagged
over with poles.  Chute openings arc left every 10 foot, and chntes are
inetalled tharein. Halsey ars driven to the level abowe near each end
of the ore shoots for ventilation, Starting af ome end of a stope the
ore 1s shot down on the poles and into the ehntes, and regnlar ghrink-
age stoping then 1s curticd to the level sbove. The stape back iz car-
ried on a slope, step fashion, giving seversl worldng faees, TLight,
hand-rofated stopers are naed, and for average stope widihs ihres
holes are drilled across the back to 4 depth of & feet in rows 30 inches

¥ lronk, & H., Min!u¥ M klna af Khe Moaiclar: Leod & Fluorepar Mioing Co., Rosds
clure, IIL. 1 Iof, Olee, GERA, Burcow of Mioes, 1060, 13 pp.
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nipm-h Loosze slabs of wall roclk are either shot down or held by stulls,
depending upon the chareeter of the wall.

uring 1828, when 42,000 tons of ore were mined, direct stoping
posts were as follows:

DMreol stoping cosbs, Daizy witie, S920

nat Arr fooe Coat per tor

Lol ——— P TTD | Eeplesives £0, 180

Hopervigien - (M5 | Mioaher -1

Cornpeessed giv] feclinding puew- Olher wapples_. oo il
er), drills, and stesl . ooeen— 100 -

Tolal 1 Bl

COMBOLIBATER CONTRER AILVER MIWME, CORTEZ, MLV,

Threa types of ore deposits oceor ab this mine: (1) Dile ore, in and
immediately adjoining dikes; {2) bedding-plane ore, along beddinge
plane: in Jimestone; and [E&J Ezure OTe, in {izsires approximabely
nrallel fo the dikes?® The third type has fornished most of the ore.
n general, the formation is u series of limestonn and quartzite beds,
uplifted by an intrusion of granodiorite and Inler enl by & series of
cilzes. 'The flesure ore bodics range from 1 to 20 feed in width, ayver
aging abont 7 feet. The maximum length of the ore bodies is 600
feet, und the dip ranges from 457 to 80° The wallz are poorly de-
fined, boing economic rather than struetural.  The walls of the fissures
are solid, and very Tittle support is required In the stopes, =0 that the
OTa Is 'We.h—ud'u.Ptu[I Lix s}n.'inf]tsr.gu :-_:tﬂ]‘:-lﬂgi In places the ore Lreales it
large boulders which aro broken in the siopes with hammers or
drilled with jacldhammers and Blasted.  The valuable minerals in the
uboxidized zone wre silver-bearing gquartz, palena, pyrite, ilotro-
hedrite, sphalerite, snd chaleopyoite, '
Tawels neve obool 100 Foot spart ‘u'uI't.iL‘aII:,", und the drifis sre diiven
6 by 7Lt fech in cross section. At thiz mane the practice is to stope
att wrel pillars over the drifls. Belore a stope 1s begun $he length
of the ore shoot s delermined by driftiog, and the Iay-out for Dhe
stope Is planned aceordingly. Where the ore shoot is long engugh,
the stope is laid out in sections with manwwy raises aé inlervals of
100 or 185 feef. Manway ralses first are put up to s height of 245
feet above the track and are timbered with sinlls, While those oajscs
are being timbered chete ralses are installed on 24-foot centers
hetwenn the monwey raises to n height of 25 feat, and chutes are
ingtalled. The raises are connected by a subdrift, leaving an 8-foot
pillar over the hanlage driff, and the manvway raises ate advanced
pnother 25 feet, completing ihe sbope preperation. In stoping,
horizontu] roumils or slices are blasted: starting at each manway
raize the slices are advanced toward each other to meet in the cenler
of the stope. This procedurs iz repeatad, encugh ore being Jrawn
off after each cul fo maintain working roosm botweon the broken
ore and the back of the atope. Stoping i earried within 15 feet of
the level above, a pillar this thick benyr left to support the leval, The
manways are advanced from time fo time Lo kecp them ahead of
the stoping. Oeceazional pillars of low-grade ove wre Jeft to support

B Hppplwoned, Genrge W., Minbee MelluIs npd Costa at the Consalldated Coreos Sy
Mlauw, Corges, Nev.: Iob. Cloe, GEET, Burean o2 Alinna, 1950, TH v e




DISCTESION OF DLWTERLRTT STOPLNG METHODS Q9

the hanging wall, Pillars of gond are sometimes are left for tumpo-
rary support, but these wre blasted when the ore is being drawn
fromn the completed stope. Drilling iz done with Leyner machines
mounted on a crosshar where the width permits, or on ah aem at
tached to a eolumn, Ninety-five percent of the ove is recovered by
sheinkage stoping; the balanes s lefi as arch and floor pillare, These
may b recovercd pventually when the levels are abandoned.

During 1929, 42,806 tons of ore wers mived, and direct stoping
custs wera ag follows:

Divact afoning cosls, Torles mdme, 1089

Cfpaf por tan Cagt ey toat
711 1] L2 [ Tinber__ - a8 054
BULETYIEON e e J8G | Other supulivgo L 124
Ciompressed  air dellls, amd
aropl o 200 A'nal S L L)
BExploglyved . Bl

Wage rades were: Machinemen $5.75, muckers $5.25, pipt and
t-rack%nen $5.75, blacksmiths &7, blacksmith helpers $6.74, and fimber-
men $5.73.

Stope-labor performance for the same year was as follows:

Ferfarpranee of siopa Inhor, Cortes mdne, J020

Afizu-Reurs Tong pex

ﬂl’."E'IlIJEI.ﬂUE. v e Lot AlerdA-gys
Brosidng S # 38 21 B9
1 o L 2H 08
Bhoselitg_ e o run W ATE 16,8
Motal o e 1. 535 5o

Consumption of explosives in stopes wir 202 pounds of 40-percent
gelatin dynamite per 1on of ore mined.

FOLTY-FIVE MINE, FATEINIM, M, 3EX.

The stopmg methods at thiz mune bave been described by
Yuoutz ™ The ore opours in veins in igheous rocks, the most -
portant being the Esmeralds, which is in a stock of monosenite,
This vein dipg an average of 807 to the aoutheast and ean he traced
on the surfoee for 6,000 feet. Ore lws been mined for 2,200 feet
wlong the stelke and, on the L500-Foot level, ore occurs 2,000
feet alomg the wvein. The wein iz very regular in its course,
ranging from 2 to 10 feef in widih and averaging about 5 feet.
Tu places, espeeially in the upper levels, it witaing a width of 30
feet. The vein Alling is maszive quartz, country vock replaced by
sulphides, and silicilied,  sllered, guertz-semmned fock eontwinin
stringers of chaleopyrite and pyrite.  The veip material is hard an
stands withoul support over wide spans. On rare oceasions the
hanging wall slacks und slonghs off 10 such an extent 2z to weaken
the stope back, which ther muay break down in large bloeks. The ore
1x hard to drill It breaks fine so thot secondary blasting seidom is
neceszary.  Delow the LBG0-foob level, the wally are mineralized fo
a greater extent than above and Frequently theyr wre thoroughiy

B yoatz. Ralph ik, Minlog Melbadd a: ibe Eighir-Flve Mines, Calumst & Aclwann Mining
L, Vilgdon, b ¥ex : Iaf, Cre, #4683, Tuccun of Mo, 17951, 20 pp.
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kaolinized. In some pleces this makes it necessary to employ cut-
and-fill instead of shrinkage stoping.

The upper levels are 100 feef apart and the lower lovels 150 feef
-apart vertically, TFrom 1820 to 1930 the following stoping methods
have heen useil: Shrinkages stoping, 72 percent of the total; eut-und-
fill stoping, 28 pereent.  Of the stopes mined by ent-and-fill stoping,
&4 pureent were mined in the period 1920-23. In 191 both Eh.l‘iﬂ.l%—
pge and cot-and-[H stoping wers empleyed. Bhrinkage stoping
slwaye was used whore the walls were [rtn and the vein wasz more
than & fest wide, ns well as in margingd ore of high silica eontent,
Cut-and-fill stojung sometimes was used, however, where (1) the
walls were weak owing to a system of fractures closely paralleling
either wall or to kaolinization of the walls, {(2) the vein was wide
bt unmineralized country rock oceurred as 2 wide band within
the coclosing walls or splits owearrred in the vein, (3) high-grade
ore oeeurred in & marrow (8 or 3 feet) velli, and (1) a clesner
praduct was desired. )

The advancing system of shrinkage stoping (beginning at the
‘end of the cre body nearcst the shaft) iz emploved at the Eighty-
Five mine. Tisually the stopes ave carried on stull timbers over
the back of the level drift, but about 15 percent of the stopes have
been carvied on arch pillars.  Arch pillurs are used only if the
wallz are wepk and the vein iz unusually wade, or if the back of
the Arift is in waste or lean ore but development has shown ore
1o be i the block higher wp. Whers pillars have been left over
the driffs 60 percent were in waste or lean material and 40 percert
UL ore.  Of the 40 percent In ore 20 pereent had already heen mined
in 1981, and a0 percend vwaa still recoverable,

Whon a stope is begun g raize iz put through first to the Ievel
shove, and, beginning ot the raise, the back of the drift iz drilled
and shok: down on the tracks. With the miners standing on top of
the muel, w sccond line of holes 15 drilied and binsted, and if the
ore isz wider than drift widih the drift is slabbed oll the full width
of the vein. BStull fimberz are phiced across the deiff at &-foot
imtervalz 8 fect nhove the frack. Where the veln iz 4 to 8 feet
-wide no posts are used under ithe sinfls other thavn chute posts.
Chutes ave built on the footwall =ide at 10-foot intervels, Back
stoping 15 hegun by u crew of 1 4o 4 mipers, drilling with hand-,
rotated stopers. The hack of the stope is carried at o slight in-
clination upward foward the throgghoraise, the angle ranging from
10% o 15° J7I'r::nn:1 the horizontal, At 100-foot intervals eribbed man-
ways ure carried up with ihe stops. Thesc manwavs are protected
on the atope side by stulls set in hitches in the wallz at 5- Lo $- or
10-fart, Imlervals. Usnally the stopes ure mined to within 5 to 13
feet of fhe level sbove, leaving a floor pillar to support the level.

. When the shrinkage slopes have besn completed and are being
drawn empty, the hanging wall beging to s]oug%:. off ; consequently,
by the time the stope is nearly emply considerable waste has fallen
on top of the broken ore. Clare therefors must be taken to draw
the gtopes down svenly to prevent piping threugh of waste.

The cost of shrinkape stoping by thiz method on the 1,850-foot
level was &z follows during 1926
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Cost of shednere stopier, 1250-Tomt Iowel, Wighiy-Aice mige, 1048

ithr 0 "
: i P : B 1bar 'Enlal cast
i r - T . X
Atope oo, [':%c'lui;;;::ug Aie ddrilly | Mxplosives | Limber Doyl e Loe,
L S a— 0059 an i ) am 14 0,02 3137
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The average width of no. 8 stope waz 8.5 feet and that of ne. G
slope 4.0 Fecl,
irech stoping cosls in typieel sheinkage stopes from 1927 to 1029
were as follows:

Tt sloning ceals #iL Erplond eiraclene simpes, SRRy Iioe ke

Casly pes Lar roined
Etoge na, Tueur J-l'ﬁlu& _— : att
nolad- \ wplo- . 1ar
FH Adedrilla | g TIriber aupplies Tatal
1| birnizizs)
., _....__...____.._____..___.1 Foe-1n T2 EIN=S 20051 o7 HAUNE 5175
TSR S | 1 .40 M 2 Lan .ol 1.0

Wage rates during thess years were as follows: Miners nsing
Leyner machines, $4.402 i $4.60; miners using stopers, $3.30 to §5.80;
timbermen, $3.5% to $4.00; and muckers, $2.86 to $5.50.

TEADN (CHThAT, MISH, JEROAE, ARIE™

Almost all the workings st the Verde Central are in shear xones
in the grecnstons oo the conbect ol o guaste-porphyey batholith
with precostone. The most imporbunk ove sones are the Rocle Bolio
Fraciure and the Silver CLifl contact vein. The Hoclo Butte {racture
zong ix a mineralized shear zone more than 1,000 feet long, ranging
from & to more than LG feet in width and extending from the 600-
to helow the LB00-Took level,  Ore bodies m which chaleopyrite s
present in comrmercinl quantiiles cceur as lenses i the larger miner-
alized zone.  They range [rom 5 to 40 leet In width but averwge
ahout 18 feet and wre 30 to 300 [eet long. The ore bodies are nearly
verbiesl.

Both the greenstone and the guarts porphyry are Lighly siliceonus,
hard, and firm and permit epenings to be driven without timbering.
The walls of the orc baodivs stend well exenpt nenr faolls, and the
are is fractured Ltle. At several ploces failting euts the ore Ienaes
at obligne angles, maldng the wallz heavy and ereating a tendency
far blocks to ziide on the fanlt planes as the ore is mined from the
voip. Vertlcal andesite diles I {o € leet wide el percss the ore
bodies almoat at right angles. The dike rock i very soft and
erumbles, hut Lhe only tronble it couces it dilution of the ore. Tho

W ekpen, Roherd Ho, Minkng Methods and Coata of Minlnr Copper Che nl The Vords
Cetrral Mines, Ioe., Jerome, Aris ; Inf. Cire. G464, Burean of Bflues, 1931, 13 Qe
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ore iz not alwags as wide as the mineralization. In places the ore
is on ons gide of the mimeralized fracture, in other places it covers
the eotire width, pnd in still other places it coeurs as Two lenses with
 horse of woste betywern,  The grade of the ore mined has averaged
2 purcent of copper and 04 cunce of silver per ton.

. - i
E‘%“’“ £ .

p=—
ﬂ‘xru.n:i-na..d Ledn]

[, ] . o

i 3.. W ] o

Freten, sbh—Bihrinkare etopiy gk Vioda Contrel mine, Arlmann; 4, Taowgiludionl zeclion
Lhropgl 10-1 ztope; ¥, timberlhg Al Taltamy of zbtlnlinge etopee.

Levels wre about 180 feet apart, and before stoping is beguo they
are Tully developed and raises run to defermine the wertical cxiemt
of the ore shoots. Donble chinfes nre installed ag 25-Toot intervals
with a blasting chamber uhove each chufe which iz constructed by
putting W three 10- by 10-inch stulls 7 fest above the chutes. (See

1
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fiz. 80, .} Theses =sinlls usnally are less than 10 feet in lengih
and are [agged over and supported in the middle by 8- by 8-inch
posts which Limit the width of opening through which the ore is
drawn from the shrinkage stope 4o 4 feel.  {See fig, 30, .} The
stopes are cartied on lagged 10- by 10-inch stull timbers placed over
the back of the drift with 5- by S.inech posts under them to limit
the span to b feet.  T'o make roomn for chiltes and stull timbers the
back of the drifi. is shot down the {full length of the stope. Cribbed
manways are cerried up through the broken ore uf, 100-Toot intervale
a2 the stope advances npward.

Sioping iz begun at one end of ihe stops and progrosses in henches
aver Lhe whaole length, The inlkenlion is to keep the back of the stopa
menrly lovel nniil i nears the top, when 1t iz inelined to improve
ventilation. Lean spots in the vein are loft e pillars,

The ore is hard, und 145-pound drifters are used for breastwork
and heavy hand-rotabed stopers for drilling the bucks, The drifters
bawve been used for drilling the back, but the tendency is for flut holes
to breale the ore in large chunks.  Stoper machinea break the ore
finer and Zive more time for drilling, az they do not have 1o be

set up.

A IIiu:n:rr pillar 2 littla thicker than the width of the stope iz laft to
smpport the walls and upper level during fina] drawing of the stope.
If the grade of ore is high enough the stope 1s [lled with develop-
menl waste, and tha pillar is then mined out. When a stope has been
compleied the broken ore is drawe off az rapidly as it can be
trarmmed. The top of the broken-ore pile 1 kept az nearly level us
possible during drawing to prevent uny waste that may fall from the
walls from mixing wiih the ore. Broken ore often hangs vp on pil-
lars, and when this ccenrs 16 s dizlodged by bonbs conssting of sev-
eral sticks of powder tied to u pole.

The dilution from wall rock, barrven arvas, and andesite dikes iz
cxtimated io e about 10 percent.

Direct stoping costs, including stope development alter stoping is
begun, sueh as ralsing from siopes to levelds ahove, from June 1,
1920 {0 August 1, 1950, wers az follows:

Diract sfoping ooet, Fords Centrol wde, Juns 2, 1030 do Awy 7, 1830

[Frank Ledeted, 14380,2008] Oaed per tos

LB e e e e - I -{ B
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Compreessed air, drils, goil eleel e .86
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Wages were as follows: Timbermen 56.27, miners $5.89, muckers
£5.00, blacksmiths $6.27, and slecl sharpeners $6.27.
Lahor performangs fn stopea was as follows:

Luwber performanee @ sfoper, Forde Cendrul ming
Afga-boary  Tong per

U@eupatim'{ : eyt HER-adfE
Breaking e e ———____ e SR | M- 111
Timbering .. _ a3 240

Tylal - _ e 145 7.4
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Consumption of explosives wues 116 pounds of 40-pereent gelatin
dynumite per ton of ove, : :

TEOE-OUGHEY MINE, KIKELAND LAKE, o¥TamTe

Tha ore bodies ai the Tock-Hoghes mine occur ag irregular, len-
tioular veins i a steeply dipping fanlt zone which reuches 8 foust
in width. The rocks sre syenite, syentte porphyry, and lamprophyre
ent by dinhase dikes, Most of the ore hodies are clliptical, and the
vertical dimenson usunlly exeeeds the borizontal length, Ore bodies
Iarge epongh to mine range from 30 to 800 feol in length and fron
100 Lo 1,000 feet or wmors 1 height, The width rapges Limm a few
inches to 60 feet. Bomw narrosy veins lie as flab as 45, hot the main
ora bodies dip from 75° to verlical. The fanlt zone pinehes ot regu-
lop vertical intervels of 1000 feel, allowing the hunging wall a
bearing on the foob wall, Wali rocks show evidences of heing nnder
strain in zome partz of the wmine, bt thiz condition i= not general.
Al rocks in the fanlted zone are hurd, badly fractured, and cut by
fanlt planes or “mud slipe” Where the Iimits of an ore body do
not reach the honndearics of the fandt zone the woll rocks, which are
nn gironger than tho ore, stough considerably. I g wall of the fanlt
zone forms a well of the ore body, it stands fairly well. The limits
of the ore wsually are eommercial and hawe to be determined by
carclnl swmpling.  The ove iz high grade and awveroges ahoet 520
por Lom, but the ore as mined, often fa conziderably lower geade owing
to dilution in stoping and drawing, Tun 1930 all the ore was being
mined by shrinkage stoping, 90 pereent being mined with chute
raizes 0 boxhole %‘.uiﬂurs (that iz, on avel pillors over the drifts)
nnd 1) peeevad with thmbered deifih backs.

Chule raises and boxhole pillars are ewplored where the ore is
wide and dips 60 or more and a stope fran. below 15 sure to break
throvgh uderneath the pillar, The beclk of the drift = thnbered,
and, the Lroken, ore s held on lagping where the vein i leas than

G feet In width or the dip is too Hat for the wre to run well, or al

the bottem ol an ore body where bozhole pillars eould not be caved
into o stope bhelow.

Adfter a level is developed the drift is zlashed Lo o width of Hig
feet and ecleaned out. Boxhole raizes are then carvied up three
roamds, 2 loading and Lulldoging chamber is cut (fig. 81, 47, and 4
platform. o * Chingman ™ chute built.  Af inlorrals of abeut 120
feet u small, thobered drift stope is hegun by taking down back for
30 feet along the vein and s lintbwred with caps and posts and
iagyred, It has p mwanway opening ab the cenler on the Tootwall
gido wnd » chute on each #ide of the manway., After the timbwering
is comnpleted the chute raises are driven (o a height of 20 fect above
ihe track, and sabideift connections are made hetween the chutes.
Tha subeheilt then is widened to the foll widlh of the ore, and an
imelined manway meise iz driven to the lovel ibeve for ventilntion,
pipe lines, and travel. _

Shrinkage stoping proceeds Lo within 20 feet of the level above in
horizental lifts ohout 8 fect high and 60 feet Iong. In wide stopes

W Henry, K. T, Minng Metlwds nald Cedta ot the Took-Finghes 3old Minee, L., ik
lotgd Llet, Crofwrlo @ Ine. Clre. #3382 Burenn oF Mlacs, 1080, E2 po.
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looge slabs in the back are caught up on posts.  The stopes have to be
sealed after each hlasi.  Veriiewl raises are driven through the 20-
foot back pillar at 60-foot intervals and repovery of the pillers is
begun when all the ore that can be pulled from, the stopes on the
level above has been drawn. The boxhele pillars of the upper level
and the buck pillar of the stope below arc pulled back together,
usully in sections abont 60 fect long, A smaﬁ roise @ shork rounds
high iz put up in the center of each boshale pillar, the pillar helow 1z
thinned to 12 feal, holes are fanned out in the beshole pillars areund
the small raises, and holes are drilled upward and downwazrd into
the bhack pillar. (See fly, 31, B.) These heles are londed and
hiasted electrically in ome blast with instantuneous detorators from a
10volt lighting eirewit. As many as 3,000 holes have been fired
ghpnltenenasly,  Most of the timber is lalen out, and the remainders
is bored and blasted with the bie blast =o that it will not blocl the
chutes below.

Direch stoping costa during a typice] month in 1928 were as follows;

Direcd pinping ost, eefe-Apfes welee, fpion] mowell, 728

sl per Iun - Cort per tos
uf ore holefed af ora fiotated
Lol . BTG | Tieaher __ ~ A0 (e
Bupeivision — LG | Qther supplies_ . X3
Cionpneesad  alr,  drflls, and —
sior] - A Tukal - 1, 58T

) D) [ U 1 1

The seale of wages wag as follows : Bhift bosseg, $7; moucler bosges
and chnte blasters, $5; drill rumners, tinbermen, and sealers, $4.75;
muelers, framners, and drill helpers, $4.825.

Productivity of stope lahor in man-hours per ton during Oectober
1068 was ps follows:

FProduaté=ily of sfope Tubay, Teek-Tuahes mins, Dotieher 1028

Mas-Tioura  Toeg por

Cermpation gor by apas-ghift
Frouking . . PR W L1]1] &7,
Tloborng - N o I | BT, 35

Totala e - 1. 617 &3 27

ETRETANRD LARI 0L MININYG CO,, KIRKLAND LATT, ORTARTD !

The ore oceurs in faull zones i igneouz rocks, lamprophyre,
syenite, and syenite porphyry.  The ore bodies sre roughly lentien-
iar and longer vertically than horizontully, Vietually all ore Ienses
rake west, golne down in echelon formation. They Tanes from 30
to 300 feet in horizontal length and 100 to 500 feet along their Jonger
axis, are frow a few foet to 30 feat thielr, and have » steep dip.  Most
of the lenses worled huve beep on the hanging or foot wali of a
nearly vertical fault zone. A few hiph-grade veinz dip at a much
flatter angle. The ore consists of ecountry rock impregmated with

”lembrﬂ_lﬁ. £, M[Hirl% B leode of Klrklund Lale dold Minfug 4o, Ltd, Kirkluod
Lakm, Dalurio; Inl, Clee. G400, Burean ol dined, JREL, T8 g,
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ani] replaced by Lighly froctuied quarkz.  The rocks in the ore zone
are fractured and cut inte blocks by interseeting slips or mud seams.

Shrinlease stoping hog been used on timbered-drift bacls,  Chntes
are apaced ot 10-foot, intervals, and 4- by 4-Loot menweys are carried
to 50 fect above the lovel at convenient intervals, Raises are driven
through from thiz point Lo the level above, the level interval being
125 feet. Fnirance to and exit {ram the stopes is through these
rajzes. In shrinkage stoping ahout £ feet of ore is et on the walls.
This will cveninally sleugh off, and the walls will renain in better
shape thap if the ore wag blasted.  Stopes are drilled with 334-inch
drifter machinez.  Flub breasi. holes up o 10 feet deep are drilled
and blasted with 40-percent gelatin dynamite.

Bills are recovered by mimng directly nnder the old hack timbers
of the level, sturting at the inside end and retresting fowwn] the
shaft. The empty stope ahove nzually will stand long enongh to
permit this provedure. Waste which slonghs from the walla is
mostly in the forn of very large blocks, which hang up in the stope
and allow wirtually all of the brolen, ors bo be removed.  Tn shrinle-
age stoping wh 83 mine the dilution of ore with waste is high—at
leagt 30 percent—due to the character of ihe wall rock,

Drireel stoplog cosls for a fypieal month in 1930 were as follows:

Dlreet stoping onyls, Kirkiend Dofe Gold Minbeg o, 7R
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Tho wrage seale woa ps followa: Machinemen and Limbuermen, $4£75,
and machine helpers sril nelers, $4.25.
Labayr performence in stoping for o typieal month was us follows:
Liahar performastes & slopltg, Ioakload Lake Qouid Mg O

.H':,l::f-fcm_aru el
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Oecupation Mpisfed e
Brenking e .. e i, B0 50
Twberinge .. AT 13144
shovelinge ———— S L 18,7

Total e SR I 1 T
VIPON)r MINE, TIMMINS, OFTAkIGS

This mine is located af the nose and on one leg of w synelinad fold
in an arer of unusanally conforted, sbeaved, and schisted basaltie

S Trpe, lWghore L, Mining Tractices and Costs pl the Vippnd Minc, Timaolns, {karha,
Canads @ ¥nf, Clee. G626, Burcuw I Minea, 1931, 11 pp.
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rocks intruded by gquariz porphyry.  The ore bodies cceur errutically
and vary greatly in attitude and form. The ore consisis of quartz
veing and lrregilar masses of mineralized zchist imprognated with
quartz. Individual masses of ore range from 40 or 12 feet to 400
feet in length and from the narrewest worltable to 60 feet in width
and dip at varying angles. The dips penerslly are more than 607, al-
though a few fla veina dipping about 30° have been mined.  The
ore is_quife hard-and stapds well. The walls generally are well-
defined, but part are “assuy walls” The wall rocks ave firm and
stand well, exeept where they are badly shewred or consisl of
graphitic material, : '
evels are established at depths of 100, 200, 300, 400, 500, 800, 754,

566, 1,000, and 1,200 fect,  -Shrinkags stoping 1= smploved sxolusively
for mining the ore. The cholce hetween sioping directly en tim-
bered-drift backs or on’ arch pillars (bermed “boxbole pillars ™ in
Ontario) depends upon the width and prade of the ore, Narrow
veing always are stulled and lagped if the back of the level drift is
of worlkable grade. If the buck of the drift is-not of workable
grade, exploration raises are driven at favorable points. Tf they
cricotmter ore a stope Js begun, and the ore iz drawn off throngh
them and through intermediate raises puf up to tap the bottom of
the stope.  Ore bodies up to 25 feet in width are stulled and lagoed,
the stulls boing supported on posts.  Ore bodies over 25 feet inwidih
are opehed by bozhole raises, and the arch and floov pillars are
extracted after the stope has been drawn empty. Where timbering
1s unq:]hluyad the chutes are spaced 15 foef centter to conter.  Where
boxholes are put vp they are rarely spaced closer (han 25 feet, and
it they have to be driven an appreciable distance to reach the haob-
tam, of the ore they are 40 feet or more apart. Cribhed manways
are carried m each stops at 100-foot, intervals. Stopes are carvied
abwmt 80 feet above the lovel, a raise is thon put throngh to the level
atiove, and all manways tnrt one aze covered over.  When the stopes
are drawn the walls ure trimmed, and bad ground is supported by
sprags or stulle. The good walls have made it possible to seale ail
stopes and clean ont all broken ure.- Levner machines are employed
to drtll horizontal breast holes in the back. _

Direel sloping costs from Aupust 1, 1820 to July #1, 1830, when
1113_.[,329 tons of ore were hoisted amd 104,251 tons broken, were as
follows: :

fHreet stoplng costs, Tiamtd mine, duwg I, 1039 fo July 24, ros

Dozt por fa Oast per don
uf ure hafgted of erd brokes

Lol —- e Ay G245 0, RED
Supervlsimn_____ __ - _ . - 084 001
Comvprossed air, Aeills, and wbeel. o _____ L 25 vl
Exrplndivea, . e . 180 . 185
Timber : - _ e BLICTH A}
Othaer suppdbes . . (M55 L 0T

Tl ————.— LBIG 1. 084

" Labor in stopes for drilling, blasting, and titmboring during the
same period was 1,176 man-hours per ton of ore, or 8.8 tons of ore
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per wan-chitt.  Consumption of explosives in stoping averaged 1.05
potnds of 40-percent. gelatin dynemile per ton of ore.

MC THTTRY MInE, S3LfiLACTIIEL, UTi'i'.U:IUN

The MeIntyrs mine 15 on the north limb of the Porcupine syncline
within an aren of Keewatin lavas, later intrusions of quartz porphyry
mnssas and offsheots therefrom, and diabase and albalito diles.  The
rocks in the productive sren have been subjected fo compressive
forees wi several stages in their histoey., The comples folding, the
Lenetures new aotUpled by veins, the prevein and postvein faulling,
and the broad belt of sehist are evidenves of [hese forees, The sone
of schistosity eitends northeast for scverad miles over a width of
1,600 feet, in which the most productive voins goour. The strike of
the schist is about N, 65° (o 80° K., with a steep dip south. Several
Planes of fracturing in the schisted zone cut reross the schisting at o
small angle, and it iz in thess that 1he productive voins ocenr. Tha
preoduelive veing are found in the Iava schists and seldom ave work-
ahia mn the porphyries, .

The ora 15 of two types: Quartz veins with included schist drag-
mends and frregrilar replacoment bodies. The ore bodics are nowrly
vertionl as u oule, but zome dip north about 860°, "Their length varies
up to 1,200 fout and their width to 100 fuet. The average width iz
about 10 feet. The gre and walls generolly stand weoll, except where
wiorphous carbon hus developed m the schisls and in certaln badly
foulied preas.

The ore is a gold ore which had avernged $8.95 per ton up to March
31, 1942, when a total of 6,015,718 tons had been mined and milled.
High-grade pockets cecnr Iocally, usually i a gquarts-vein flling,

p to 19 most of the ore hnd buen mined by shrinkage stoping,
although seme wile ore bodies in hesvy rroind had been mined by
siprare-setiing  Sinee then ent-and-ill sloping has been emplored
more and nere, and in 1832 ahoul 50 percent of the production camo
from cut-and-fill hopes.

In shrinkage stoping raises sonuetimes sre put through from level
1o level before stoping 1z hegun, but often the sbopes are mined to 80
foct ybove the level hefore o rulse [= put through, In preparing lor
stoping the dirifls are slashed out the fell width of the ore and the
backs laken down 4o o height of 18 or 20 feef. The level then iz
timbered with posts and caps on abeut 4 to S-foot centers, and
chutes are insﬂa.ﬁﬁd al, intervals of 15 to 3 feet along the drift. I
the vein is wids and comparatively low grade the hacks are nol shot
down, but & sadey of *hoxhele™ raises is put-up on about 25-foot
conters to o heipht of 30 feet and oonnected by o snbdrift, from
which regular shrinkuge stoping is sterted.  Broash stoping is used,
and holes drilled with 314-inch drifters are fanued onl'in the wider
stopes.  In some of the lopger stopes pillars are left where aveas of
stresz develop focally,

At present, shrinkugre stoping is emploved in isolated stopes, it
gtopes where 1t 18 anflcepated that the walls will be strong and regn-
lar, and in low-grade stopes of considerable width, 7

 Zhavicin, H. G, Minins Methods of the Meldvre Ioreupine Mineas, Lid., Schomncher,
Ontario ; Inf. Clre. 8741, Luvean of Mioea, 1948, 18 pp.
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The tomnage broken per man-shift in shrinkage stoping i abont
20, and the consumption of explosives iz aboul I pound per ton of
ora broken.

MLEORT MINES, JANEBIDAE HE™

The gold-silver ores of the Jarhidge district voour in quartz veins
in w bwulterd series of Tertiary volesnic Hows which have undergune
extensive nlieration. The veing dip ot 60° to 80° and vary preatly
in lenglh, and width. The width of the main vein averages aboub
& food and ranges from nareow stringers to 50 faul 0 rarg instances.
Thiz vein iz enviched by small leads which enier or eross the main
vein at an angle of sboul 60°. These branching or intersecting veins
do not carry valucs away from, the main ore body. An operating
difliculty 15 presented In mining the ore in eplits exbending % or 4
feel inte the han%'iug wall. In stoping this ore a shelf iz formed
in the hanging wall which reqiires g large amount of thnbering and
bloeking, Except at the crossings the walls of the veins are defined
clearly. At these places some of the wall rock naually is broken to
make sure thut all commercially valuable material is recovered.

No very high geade ore is found, the average value of the mill feed
OVET B IJL'.T‘iUET of years having heen slightly over $10 per ton.  ITers
and there along the vein lean spots wre lofl oz pillars in the stopes.
The mine iz developed by adit levels, which are approximately 150
feet apart vertically and connected by raises or winzes al comyen-
ient points te explore the ore bodics; these are placed s ga to serve
later for stope manways or ore chutes and to ventilslc the stopes.
Dmring i880 all production esme from shrinkegs siopes, although
mn earlier and laier years cut-and-fill stoping was employed in some
ol the stopoes.

Drifts are driven the nll width of the ore, and a sliee iz shot out
of the back in preparation for shrinlage stoping. Lageged stolls are
placed and lagged over under the section to he stoped, and chutes are
installed at 15-foot intervals. Manways generully are about 125 feel
apart, which iz the length of most stope sections.  Usnally each
section is mined by hormizental slices, but adjaeent sections are not
necozsarily ept abreast. Drilling is done with stopers. The vein
material drills essily and is of medium hardness; w drilier seldom
nses mare than three sefs of steel o day. Only ahout 28 pereent of
the broken ore Is drawn from the stopes durimgr stoping to main-
tain the desired working space between the top of the broken ore
and the back of the stops. (This compares with 30 to 40 percent
in most other mines employing shrinkege stoping.)  Stopes uro
earried we high ws 250 feel with very lillie timber. illars are left
where the ore is lean or the wall iz weak., When breaking has been
completed (about. 4 feet- below the lewel) a wirong overhead bulk-
head of poles is placed the entive length of the zlape te protect the
timber crews whoe follow the ore down, clean the walls of ore, and
prop loose ground during finel drawing of the stope.

irect stoping costs during 130, when 87,559 tons of ore worp
hoisted, wers ag follows:

2 Park. Jobn Furwedd, MinDeg Dractices, Metlods, wod Ceeta at Elkoro Minsa, Yerhopee,
Ko, ; Inl, Clre. 8542, Bureac of Minea, 1031, 12 pp.
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Olreet sloping cost, Bil0en widne, 7530

Tkt fer (on Al fct fai

of e of e
Laboi : drilling and biastiog__ 80,882 | Baploslves __________________ 0. 107
Later ; ticubering andl gloaning Timbory e 144
out BLODEH o meee— 23T | Oiler sapples_ e ————— . 28N
Comyreszed  wie, ddriile, and _
wteel e Sz Total _________-______.. 1.6G10

Direct stoping eusts in mun-hours per ton were ng follows:
A=t i Tans i'.lr-.."

Uceupa.tinh : A ten Medn-alifE
Frephing (deilling and blnstng) oo ——— S | 3 -1 14,4
Timberiog, muckioge, aod cleaning ont slopes Bls LN

Tutal. e ——— 1378 an

Consymption of explosives was 1.888 pounds of 40-pereent gelatin
dynamite per ton of ore hroken. .

EMEELE MINE, TLUAMAS OMINTY, OA1rest

At the Engels mine the ore occura in shewr wzones in diorite and
altered diorite, The main ore body consists of three shear zones, of
which twe are nenrly paralle] while the thard diverges from the other
two by raking off to the north, The ore bodies strike N. 60° K. and
dip 80" west, Above the fourth level much of the ore assayed 4
pereent copper, bk below this level it has sveraged 134 to 214 por-
cent. The madn ore body had a maximum width of 1400 feet and a
lemgth of 830 fect. The dlorite and altered diorite are very firm,
longh rocks and stand well witheut support.  The mine iz developed
iy adits and shafts, with levels ot intervals of about 150 to 200 feet.

The ore 15 mined in lengitudinal shrinkape stopes carried on arch
pillars over the drift backs  These pvidlurs are 15 feet thick In-
dividual sbépe sectiong ave 94 to 120 feel long and ave separated by
transverse stope pillarg 20 feet thick, A manway and supply raise
ig run up in alternate pillars, with ecrosseuls driven into the stopes
om each side at vertical intervals of 25 fect. Fxtraction drifts nre
driven along the footwall, and chutes are installed at 30-fonf inter-
vils ilony the drifts, At the chutes ihe dvift is cub out to o boight
of 14 feet above the rail, and the chute raises are extonded fhree
roanda,  Chutes wre installed and the raises compleled to 89 fest
above the rail. The raises are belled out and econneeded. so ag o
leave an 18-foot plllar over the back of the Jdeift, One of the chute
raises iz used for a manway and for air and wuler lines until the
slope 1z high muﬂ.}gh to connect with the lower crosseet from the
pillur raize.  The drift connecting the chute mises s widenad out to
the width of the ore Lody, and stoping iz begun by drilling the back
with Jdrilter machings. To flab backs two rounds arve drilled in op-
posite divections from the swne set-npr Theze rounds consist of a
single row of 3 hioles in narrow stopes drilled at an upsward angle
and 4 lioles In wide stopes. This lenvos bremsls in which breast
ronnds conststing of wo rows of holes are drilled. The nverage depth
of holes is about 7.7 feet. During 19268 an aversge of 7.4 holes total-

N ek, W, I, Minlng Methade upd (osla .|'i.|. 1The Engela ®Mine, Plunus Doloky, [Talle !
Inf, Cien, Eiﬂﬁﬂ, Bureuwn ol Linea, 1080, 22 pp.
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ing 56.2 feet was drilled per man-shift, Stope holes arc blasted with
d)-pereent amwmonin dynamite {seven sticks to the hole) with
stemaing cartridges.

The crew in g stope eonsists of o miner and 2 mucker for each
fave 10 entting-ont operations. Afier stoping iz under way 1 to 3
miners wad 1 or & pluggers work in ench stope.  The pluggers assist
the winers in selling up, plug the largpe bonlders, and break up
stnlicr bonlders with hammers. Stope roonds are blasted elec-
trivally frow a 220-volt current, using serics conlections,

Stopes are carried within 20 feet of the level sbove and wre left
Sf-EL:L‘Ld_].'lH:I" full of ore until the stopes from the upper level have been
empized. The bk of the stope then s mined through to the level.
At the level the angle of the haoles s changed from nearly flat to 45°,
Tho first eul iz drilled with holes 9 fect deep and 4 feet apure, and
10 or 20 holes are blasted at a thme. This eut 95 continued for the
length of -the stope. The next eut breaks throush to the level. In
weal ground the seeond cut Tollvws the Grat one closely. In remoy-
ing the pillars from the lave! to the hottem of the stope ehove, 75
tona of ore are broken per machine-shift compared to an svernge of
47 tons in the stopes. _

Verlival stope Pll]:u's containing 146,524 Lons of ore have heen o
moved vk g cost of 58 cents per ton for ore drilled by hammer drills
and 28 cents per (on forr ore drilled by diwmond drils, Before the
pillars arc removed the chrinkage stopes are drawn empty and then
mined one at o time. The method of drilling the pillars from ata-
tions In the manway rajses, vsing hammer drills and diamond drills,
ia deseribed and illusirated m detail in Burewn of Mine: Informa.-
tion Clrcular 6260, Comparative costs of brewkine ore in vertieal
jrillars nre piven as Lollows:

Cronpeerictioe cosia of Ireaklng e in eorbion] oiflers, Bagely ming

- - L o, i Lrelaloeet | oo, :
Tonz ia | Becroder 00 Feal, of Tozal cozl, | of Jond LOE l“I:"'I cu
Methnd rllor Tyley o lusln DES{JP' fnd ex- | Jl;;kweg
X & | plazlves
Twrmeoer deile oo 5473 1, 6 19, 144 a2 mr 11, L &, nal
Doleranod clelEL, .. - 4m 178 17 R 4,813 T, 052 il
1 B N, 103 Li [T 2,£48 ot L4
i

1 T'oigl casb of deibllopg Ineniles ¢slimated cos: of &rponioe and mplacine wera aleel, npkaop of Teaghig
rills, B0d Jabar Toe drilling.,

Prreet stoping cosls, including, pillar mining, in 1428 were as
follows: :
Direet sfopfing cosfs, Magels aeine, TR

et fer fon 6f ' ozt er bon of

ure fpleterd ) ure Rofered
Teabtor oo e ROLATET| Dol e B0
Supervislon_________ e 3 [ Other supplies — .0
Compressed  aly, Arills,  and : ] _—
shecl _— 18 Tomb o .TLD
Bxploaives o ., 16T -

The wige seale. was as follows : Machinemen, $5; jnckhammer men,
84.75 1 muckers, $4.50; timbermen, $3 and $5.50; timbermen helpers,
S4.50; and shifi: hossea, 36,



DISCTUISINN 0 UIFTERENT STOPING HETHODS 113

Consumplion of explosives In stoping averagoed (1.818 pound per ton
of ore mined.
MOUNT EOPTE MIWER MOTTHT INOPTL M, J.

The iron arey at Monnt Hope oceur within an ove xone 1000 fest
wide in a belt of pre-Cambrisn vocks consisting of gray granitoid
gmeisg inlerlaminated with pegmatites Disammnu.t‘uﬁ maghetite is
found througlwut most of the couniry rock, Within the ore wone are
lhres main parallel veins striling noctheast, spaced 500 feed apart
and dipping from vortienl to 60°.5 :

The ore shoots are lahulay, disposed edgewise, amd conformable
with the structure of the intervening gmeiss, They dip southeast
and piteh or rake 34° porthesst. Allhongh the ore hodies exhibit
remarkable uniformity in their general atfitude, local irregularities
peenr in the form of rolls and praching atwd widening of the veins.
Tha ore bodies sre 150 4o 400 feet hioh and o fow Test to 40 feet
thiel; Uhe average widih of the largest deposil is 1# feet. They have
been develuped 7,500 feel wlong their downward pikch from the
surfaco, There are two gencral Types of maguetite ore; one is hard,
masgive, and pravular, and the other iz hord, massive, and lami-
uated. The grade ranges from 35 to 65 percenl iren,  The granwar
type of ore is hard and Lough, breaks large, and will stand onsop-
ported over widths of at leasl 40 fect. The laminated (ype is
wealzer, drills and lbreals move essily, und - hreals in emall picoes.
The lateral limils of the ore usually are well-defined. The wall rock
15 » hard, solid, granitoid pnelsa that stands well.

The: mine ia developed by vertical shafis and flat inclines driven
parallel to the downward rake of the ote. The level intervul ranges
from 160 to 260 feet, Siopes usually are 340 feet long anil separated
by pillurs of ore 80 to 40 foct thick. Tntrancs to the stopes is pro-

vided by & munway raise driven upwurd through the center of the

pillar, which iz conneeted to the atopes by short drifis. Paralleling
ihe manway hul deiven from adjacent chute ralses or grizsly cham-
bers the pillar or mining raises are driven, fnrming the ent-oft line
bedwveun the slopes and the pillars. Usually cach stope is provided
with four ore ehutes 81 feet apart. These wre helled out over the
chules Lo make room for prizzly chambers, the bottoms of which
are 27 fuel above the level gr the botlom of the incline. From the
cnds of the grizzly chambers vndereniting raises are dviven at 45°;
fromn thesze, ralzes are cut bacds in Cho ephosite direction at 48° to
méet over the center ling of the chute, s forming a triangular pil-
lar ahove the grizaly. In some stopes the grizglies are eliminated, m
which casy thers are eight chutes to o stope, spaced at 40-fook
intervels, .

The ore s mined entirely by shrinkege stoping on pillars without
uny timbering or 8lling.  The stope is undereut over iis wntive length
from the wndercutting raises. The cuts arc driven ab 45° and ex-
tended upward nntil they reach the walls. Wet, self-rotating stopers
and dry jackhammers equipped with standard stoper legs operated
on & 2- by 12-inch plagk are used for undercotling. In the weaker
ore bodies two erews work in each stope, sturting at opposite ends

w 2yrenl, I R, Mininr Metlhaode and Coete at the Mt. Hope Mine of the @rten Foondry
aond Flps Cor{mrrutmn. Mt fIape, W1z Ind, Clee, BAGL, Butenr of Mioer, 1982, 21 pp.
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of the stope and working toward epch ofher. Kach crew consists
of two men provided with two mpchines, In the stronger ground
drilling ean he done in g greater number of faces, but at present
(19532} only five machines are used in any one stope. Brenst drill-
ing in faces & to 15 foed high is gructiced, the height of the face
varylng inversely with ile width of the ore.  Mormwrly, 6-foot holes
wery rilled vertioally with stopars, but thiz practice has been super-
seded by breast sloping using Ifgles about 14 feet 'deep, These holes
wre drilled with Jight Lhammer drills fitted on standard stoper leps,
which ure pushed ahead en top of a plank sapported on stagiag,
The following figures give comparative resulis of the old method of
drilling {with atopers} and the new mcthod. The new method iz
much the safer, ag the miner is working under ground thoronghly
tested and trimmed, and the deilling is done ahead of hinn rather
than above him.

Cotepeerietive Pessila, old gwd note drilling sweflods, Mownt Hupe mdne

TR, 5,
ald tatllod prenr method

Woms Drofken per machine-ehift - ] B, hn
Tonz per man-shllt, all labor ehavgealle b sfopineg_ . __ . 1% 9 BT, o5
Man-houre per ton, ail Atope labar— . (R _ | ) M ]
Qond Twoken per foot of hobe drllled {stopiee) L T45 26T
FPound of powder geed por ton of dee Droken {stopdog) ... LHL . 351

The present stoping method permits recovery of ) pereent of
the ore, the balance being left in stope pillars, Loe pillars where the
inclines leave the levels, stubz formed by nondercutting raizes, and
grizzly-chumber pillars, Dilution of the ore with wastc probably
ig Jess tham 10 percent.

Stoping costs during 1930 were as follows:

Htogpihey custy, WMount Hope wting, 1030

frenl per Teaur 260 Cont g Togrer ton
Blope development: Ll pateids ) . (2200 poirtda )
Labwn ... el o __ B0 106G Iispiogiveg . oo oo 0L 0%
supervislon . TH1d: Other supplies___________ L Lo
Cuompressed  air, dreibls, s -
ateel LD Total stopiog o _ s
Beplosives .. M2 | Blackhollng @
TEreelmar oo oo Y | b Labrr . . 043
Other supples L e BUner v o aw e g
—— Exploslves 045
Totul stope developoent L 295 Other sNpOLeS e o e Loy
Btoping: —_—
Labow o —_._. 074 Motal bleekhollog______ .Am
Bupervigion o ___ 028
Compressed alr, drills, and otsl diveel gbepine cost_ L B3Y
Glegl oo . __ JUEO0 :
Consumption of explosives tn stoping was as follows:
eyt et
Htopes ypoper © fueg toae
dd-preoont ptrenpth_ . __ - Bk, 202
dl-petochr strengih R A i I
Blackhaling : - -
dipercent strenmth - 46
BE-porocn strongth___ R | | 1

Total explosives 1o stopes - - L7485
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DUFINARY SHEINEAGE STOINHG IN WIDE ORE BODIER

In wide ore bodies the ordinary or conventional shrinkage-sioping
meihod may be employved for mining the ore in transverse stopes
suparated Irom ench other by transverse pillars. In the narrower
ore bodies deseribed in the previoms seetion the ore was mined in
Iongitudinal stopes, the width of the vein being such that the back
of the siopes stands unsupported over the inll widlh of the ore
body. In wide ore bodies, however, the wilth may be so great thut
the area of unsupported stope back would be too great to hold up
if lopgiindinal stopes were ent out from wall te wall. To grer-
COme %his diliculty the stopes ure driven across the ore body at
right angles to its strike, and the widih of the ore hody hecomes the
length of the slopes, their width being determined by the strength
of ﬁsa ore and [mited to a span that will stand safely.

After the shrinkage stopes are completed and drawn the pillars
arc mined. If the ore is very low grade it may not be profitable
to attermph comnplets recovery, pnd the pillars may be whittled away
tmtil they finelly fail, the remaining ore being Tos. | Sometimes the
pillars are recovered by caving, This may be dane as follows: The

rillers between the stopes are kept as Lhin as pessible Juring min-
ing of the stopes but thick enongh to resish disruption while the
stopes are belng carried up.  When the stopes have neatly reached
the level above, the stope pillars are cut throngh, and the back pillur
s shot down or weakened until it caves, After standing for some
time the thin pillars tale weight, erush, and break up, and the pillur
ora is drawn off with the stope are as the siopes are pulled empty.
Wilh thlz system usually some ore is lost dus fo piping through of
waste from the walls and upper levels; thiz provents ell the ore
being drawn without escessive dilntion,

If the ore I8 of moderats or high %rm}@ it wgmally pays to go to
additional expunze to recover as much of the pillar oo a5 possible
with minimuem dilution, To eeeemplish this the empticd shrinkage
gtopus are lilled with waste vock, swnd, or mill tmlingsz, and the
pillars then are mined from between the filled stopes by top slicing
ar sguare-setting, although enteand-G1L E.f:.l:rging has beeh employod,®
The practice ot the Homestake mine, Lead, 3. Duk., s perhaps the
heat-known exemple of shrinkege stoping by transverse stopes in
wide ore bodies gnd mining the pillars T fillhyr the stope.t

HOMEETAE BINH, TEAN & DATR,

At the Homesigle mine 1n Soolh Dolkota the ove bodies ocour as replace-
wents of 4 limeetone mewhber 40 o 80 feer thick arpund the nose and Mynles
of g plunging nitelnul struerure snd ure limiled by o shear sone on the fout-
vwaoll zlde which dipg about 70° foward the east. The axls of the anficline
gtriles o lillle west of porh and olumges toward the septh ab an Angle of
abnput 40° to 45° Ffrom the hovisnninl, A= a resolt of drag foldng, the ove
15 very wile in plaves {ap (0 400 foed) 7 this Tolding has alse served to repeac
1he ore go theet on oo given hordzonlal plane thers are apparently five prlnclpal
nre lenses sepitted by interfolded ceyntry rock. The plunge of the sttuctyre

‘& Arrazoglon, W, The Method of Tngerground Mioing of Tron OQre in the Dlspeel ol
Trlyey Roz {ixavdlated frem Ooeldoveky, J3fa, Jonr of hippoow, 10821 ¢ Int. Clve, G244,
Lurenn of Mines, 13, £H ]I:up.

A Fpolan, Chae, F., Bhrbidnge Btoplog : In Clre. 4203, Bureaw of hines, rew 1060,
P R8—23 and Ak 20,
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ranzed the ore body to pltel oue to s surfice outeron on 9o north eod of ibe
nine; 0L Fmeessively ower lovels fhwe e 1 furcher somoch and, duoe fo e
e.xs:uh dip, furkher oasl,

The ore-benring meinber kb oue of a worfay of pre-Cnmbrisn rocks, eomposed
prinoipiily GF elates, echists, and guartxites, much altered By the g:l.esl.l: DTisys
gare to0 whith they bave Leen pahjeded. Toese recks have heen intended by
dikey of rhyolite aml phonolitee Tho rhyolile appesc: 1o paraliel the sivoe-
fire and semmefles Torms ong o Dotk wallg of the ore hodies. I ploces it
alpp cuta meross (he stroetume, however, The imoodiate walla od' the oce
harics nre Maunlly =late but sonellmes are selist or porphrry,  They dre hard
ame streng,  Barren roeks ave inlolisd with the ore &0 that o some wlaees
Turze hovses of slate Aupirags itointo two or more palts

Tha ore sl jg2 hard, tourh, and dense awl is comppssd of horoblende,
phlorite, and other heavy ferlgoagdesion minerils: guartz; and heayy aul-

phides, prinelpally proive, pyrrbotite, ond arsepopyrite witle which the mold is

aaspeinfed. Visilde gold ococurs Ime o is sipf epomnon, - Often the ore hiwe u
distinetly banded appearnbes develupel! by the prezzare and folding o oridch
it hns heen auhjecied.

The ore stands well exoept In old pillevs which huve ragsined @or a loug
Ume subjected to considerabls weight, in which euse it 13 badly crmshoed aod
brolerl. It Breola lorge. i3 hurd o drill, ond is tough-brealzing.

VWork huny heen carried on at the mive for oec B years The st operations
were #t the neeth end where che gre yens near or ot the sarfnee,  These caely
pperatinns were vory hoplegunl and epneizied of opeben) waork, Tolliweod by
icrepmlae wwniterground work 1o open stopes oud sqpare+et stopes,  Large atopes
were opened up ond mined undil ey started to etish, when ey were aban-
doucd and wolk was siartsd In s mew place with the resdt theaf moch orse
wag all in Aovrd or “ erowna ™ and in stope pillaes.

Perng I8, 52 percent of fhe ore mined ot Homestolie eafes [Pom gavine
oporatlons benenth this ares fod from =inllar operakions o the Star shodt
pillar. As this paper deals primoelly with shrinkage stoping, the caving opora-
tiopg will not he described.

To he oewer and deepor pnrts of the mine o e Bouth and extending from
[he GNP bo the 2300 leval, che oce & wined in traneverze shrinlkepe stoped
betwoen pillars, Lhe Dillars heing laler mined by gguore-sel Stping,

The following notezs on the mining melbods swere preparel by the auiloy
of the pressnt paper afior a4 siody of the ming in March 183¢.  Duocing 6,
1,437 435 tons were mined and milten, 5 pereent of which was from sdrow holes
whove the 00 level, 20 percent frome shrintoage atopos, #od 28 pereest from
crawn And atupe Dillarg

The mwain ocehrely befween tho 1,400 and 1,850 leveld gverasos 523 feot loop
Ly 1 feel wide, with mazimom wlitha of slout 350 fect. On the lavels
albove, the wilth roaches 0 moxionuo of 4 foet.  Ofhor ore bodies scparatert
from, ke muin ore bodr by 100 feet or more of barren eoods aro JHE o 00 foct
tong by 20 to B8 or G0 Leet wide,

The wide ore 1s mined by feansverse shrinkage atolss E*I.'} Tert wide, separated
by plllars 4 fecht wide. Abore the 1,250 lovel, {he level intecvul i 100 feoy,
nud below this Yevel 1 Is 150 fect down fo e E_.ﬁl}ﬂ level which i the Iowe_at.
lowed £1020].

The mine 15 developed hy veviical shafts from which crossonts are driven
at gach level,  Fom these crossouts hamlage deiftz g@ve driven In the hangioe
wall god fovtwall and af oo dslance Lherefrom,  Trom (hese drifts croz=eots
arp driver to and throogh ihe ore Body at infervols of 10 feet,  Formerly,
and wklil guile recently, these croescdts were driven thromgh e centers of
(ke 40-foot pilars with (vifty a2t 30-Toot iotetyuls driven ab eight angles Into
the mtone.  Af present: the praetice 1s o drive {be eroescuts through the eenter
of the pillar gz hefore, but ther are brabched hefore resehing the ore go that
the hegnches w11 tollow the pillar Moeg.  {Beoe o 32, 4.)

The stope iz next sfliled out 60 foct wide to o hedrht of 11 or 12 fest and
flear Acmss the ore body. (Beo flp, 39 B} 'he nexk elep i3 to areh the
ok fo o hedght of aboul 40 Teel along the eenter line of 1he stope {fin 32, &
and tv Tun 4 woste roize o the level nbove from (he top of the arch so [hatk

wiete flling may be introdeeed Tmtor. A manvay eaige je driven in the oo

wall in the eenter of the pillar to the level yhove, fropy which creosacuts are
driven Jater at ik 90, and 120 feed abore the level for conneclivt to the stope
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The next siep 75 fo phovel out ull the broken ore from the etope. Thizs s
dene by hand-ehoveling Inte 1«ton enrz. Chute llopes are then siaod across
ihe glope elong hotl pillars,  (Sec Aps, 32, 4, and 82, 1) The socts aro regular
#ill-flogr sgetec-set tlmbers plased on f-font conters, wih chotes b avory
fourth ect. .

Tz Ooar ol the stope is vovered with o mat of old tlmber, ond the sets
of) the eltuto line are dibgoully braced with leps timbers which are later
recovered,  Thiling is then introdeced from the level nbove through (he cenkrsl
Tudze, and e Skepe e filled to within o fow foot of the back.  (See de 30, £

i)
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Fillar crasscut -

BT

lawel, pillars, med alnte Hoes s
ing sioped aveied aod ceplere

IMiquuy 82 —shrinkuwse stoplog. 'I-L-:-mesh'lke nine, Ssuth Dakota:
1]

The gope s (Ben caceied qp by regolae ghrinkage oethods to within 26 or
A loet of the lovel above, thiz much Leing left o o erown pilkae over the stone,
{Rec fig 32, 0.1 Inoenrrying e atopo upward i6 i more often bellied In the
middle than arehed, and the boles are wsnillp drilled from neor the plltare
Foer towawl the cepter,  The drilliog 1s done with medium-weight, Tayier-tye
mnchines mornted on two-jeek cotumn havs and wsing steels op to 11 foct long.
Machings me eqlipped with aovil-blnck ebackr, and l-lnch, guorter-ocragon
gterl with plaiu shankg and crose bite 1s uged.  The ore 1z herd sl totgh,
and aboat Z5 G 4} fect are drilled per machine-zhIfE, .
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At the bepinnine of each shift ao sverage of aboul 2 hours Iz reguired for
barring down the hack, The ore Ureaks lurge, wml 1he chunks are bleckholed
In thi gtope uslng jackhommer drills and stcel equipped with rose biks,

Ihe gxeeda are, amainting Lo abpat 40 pereent of tint broken, is dimwn
off through the chutes into 1-ton eurs which aee bhand-tromwed 1o the maln
].1]uuluge dritt, whenma thoy are talken by compressed-pir logomotives o the
aliaft, ' '

When the shrinkage stope 18 compdeled and Lhe reserve of brolen ore Dms
heen ddrawn oit, the stope la Alled from the level ubiove with wasle,  Thia
wisbe 18 decived Trom developrocnl i roelk and from wazie suricd from the
ore at the draw points o the eaving Amcdion of he mine. In 192B, 817,914
enrs (1 tond of waate wore dumped into the etoped Uor §311, The wwaste Tans
oy the raise diecetly inte the stope untll 1t Duoilds v to the level of the
croaT, gfter welieh w o wagte cliife iz inztolled nond the filling 1= zpread by the
uza ol 1-lon onrs.

1% the slope erown mmet he held for A long Hme due to operations ahove,
it 1 conght ugr by peops o orilg on top of the filling, or the flling {3 poelked
A5 lightly againgl the boek us possible,

Ju miming the plllnre, aguore-sets wre wsed: the crown pillars over the
stopes are minel et fival, et the stope pillors are token.  (Bee fig 32, &2
The aill sctz are sbood on sills lald oo (hie leveled 01l Bqnore-sclélng starts
from either the banglng or foot wall, depending apen {he oealivn ab ralses
for ore and Olling, and i3 eareled wp to the wat above in sectloms & to 5
gaty whdn, depending upon the enulition af 1he pillav.  Affer che dirst sccotion
iz roimed b it bz Olled; howewer, the last Woe B ummally kept opem Lo
piarting the next stope F the gromd i oot ioo bBeavy, The balanee of ihe
apown 18 simllarly mined and filled o deelions, relrealing o e opposiie woll,
Hling may be ohlalned from the waste ruise or by vapping the O in the
old stopes alive,

Allcr the crownz on both sidez 0F o pillar hove been mioed aond diled, the
pillar i8 (hen mined by sg@are-getting, Longlindinal drifis are deiven Trom
tho pilkar raise theongh [be centor of the pillay frem foot Lo bBanging wuall
al Th feet ond 154 feet above (he haglage level,  {Beoc B 82, P The top
seelione 15 milned first, stariing at the Th-Look sublevel and al the wrall opposite
the raise.  {Thiz woold nsuully e the habging wali, bl someltimes there is
0 banging-wull rafse also, in which case stoping cnild gisrt gt the footwall)
The plllar &5 silled out in seelions, asgally & (o & sets wile, leaving A thin
skl of ore agninst the filled atopes oo each alde; o square-sef stope 2 to &
sals wile ia eaprfed nyp to the level above st Glled, tspally, however, lenving
the st line of sels open for convendenve in eturling the next seclion.  'The
e it mioed haclk and Alled o sections e the apposibe vkl The
hottoma half of the pillay §g ihen mined 1o the exme manmee, glavting froto
the =l Hoor on fhie hoillage level.

IT ihe pllare have not gtoed foo kong, their recovery o the maoner de-
gevibed is wory euay ond elngde,  Soemeimes, however, 1f they hove bheon
pramiliag Tor & lmg lime they toke weight and ave badly crushel and hrolen,
In thiz event the minthg 18 nol o easily done; [he sets aee thoown out of
line, dagonal brieing may e requlred, or it may e necessary to Toltow
the timperiog éoscly with fill, keeping only o mwenway and o chube wok open.

o pumne instinees where tha 11 on cither side of 4 piller hags bhoomne well
congnlidated nnd the pallar has remained eo0lld and nofrastured, 1t bas been
possible to mine the plllar by sliplokage stopitg with only slghl, woste dilutlon
when deawing the piller slope cmpty.

The foregoing was o bricd the standard method of mining In wide ore in
1024, In purrow ove, §0 fect wide or lemm, the siopey wee someiimes mlned
Ly Tonglindinn! shrinkape stopes employiug only coe lne of chutes along
the footwall of e oo, 1o which cgee the foal flllng 1s tfrom the top of
the chute Hne sets {0 Uhe hanglog wall of the sogle of repose of ihe GIF
material ’

VWhere the south footwall culs o level, o telangular blocdk of ore js Ieff
between that level and ibe next [evel phowve.  Herve It is customary te drive
roclt raizps to the oee from footwrnll Arifis or orosseinbd mder the ore body,
Thrse raised are wmally spaced at gbouk B0- to 40-foot {utervuls ooerth and
gonil, end e (e bottone of the ove Ditchey up to the north eseh successive
raize golog north 79 longer than the preceding one,  The ove s mined around
the tops of these raises fo tho cost und weat walle and is theh mined up
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g Ehe Ievel opr oerowk abave by shrinkage stoplng  Wheee the ore is very
wide, it may be necessdary to wse tho regular G0-fook stope with 40-foot pillar
grstem auwd Lwo o more loes of raizes.  In marrow oee tha foll wideh s
spinotirnes mansd in one long loeglfndinal stope, with flliog closety following
Lhie ploplog. .

Direct stoping cost at the Homestake mine during 1929 was $1.14
per ton, Tlus lgure s the average, however, for all stoping (sheink-
age, siuarc-ssllang, and cevingd und meludes $0.18 for IlllinE_
Twenty percent of the ore mined during that year was from shrin
age stopes, 28 pereent from stope and crown pillars, snd 52 percent
from caving, The direct stoping costs were disteiboted as follows:

Posfrifution of oiremd sopitg costy, Homeataln sine, 980

Cngt por tid

Lahal, minilg. - - a2, GBA
fuperviazion, mining, — R } © 35 14
Cipnprezeed air, drills, ond stecl; mbwing __ ___ L1873
Wxplozives, mining - NN 1 L B
Timbor mINITE e e ce e e A €|
Bubtotul - - - .- § - | 1173 }
Lobor, hack dllng oo L1102
sSuperekdon, back fdlling -o- 0L
Coprnpregaed air, rills, @l steel; back fIEng—— oo __ . OR0G
HOzplozivea, hack fAling LT
Timber, back Giliog — - [V | 3 X
Sublcial, hacl fillieg N I 1
Total divect stoping and baek Alling 114

The avernga contraet price for labor in pillar mining {square-
sattingg) was ahoui $110 per lon. The confract price for sortin
and loading coved core at the grizzlies waz 10 cents per ton, unﬁ
the labor cost of caved ore delivered at the chutes was probmbly not
uver 13 cenids per ton {author’s estimate}, giving o tofal lubor eost
of 23 confs per ton in cavs for thiz class of are. The direct stoping
cost in shrinkage slopes only, on the basis of the foregoing fipures,
iz then estimated to be abouk 81 per ton, exelusive of buck 1iling

MORIFIET SITHTRERAGT STOURTNG IN LARCE ORE BODLRS
BEFALOL MINE, OHYSTAL FALLS, AIOIL

Tigure 83 illustrates the stoping methed at the Bristol mine,
whery transverse shrinleave stopes separated by narrow bransverze
pillars are mined, and the pillurs are caved apd drawwn with the
shriukage ore. A rather unusnal condition exists in that a hard haml
of cre runs longitudinally down the middle of the ore body with
softer and weaker ore on each side (especially on the hanging-wall
side} exbending oul to the walls. The ore body is epproxzimstely
1,i0{ feef long and 100 feet wide, The ore iz hemafite. -

Hanlagre [evels are 125 feck aparl vertically. On each lovel a
drift s gf‘ivtm in the footwall close to the are, and ancther drift
is run in tha ore slong the hanging wall. These drifia ars connected
by crosseuts on 37-fool centers, from which chute ralses are put
up at 26-foot intervals, Stoping is hegun Ty first cutting off the
ore body at the enst property Line and st the west boundary by
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means of shrinlage stopes. Then, 15 fuet above the haulage level
ghrinkage stopes are run across the ors hody ever the tops of each
line of chute raises  The stopes are 15 to 25 feet wide on &7-foot
centera and separuied by pillacs 12 o 22 fect thick, The stopes are
connected along hoth walls and nsuslly through the cenlers of the
gtope pillars and ave then mined by shrinksgs stoping to within
20 or 25 feet of the level above. The stopes are widenod as they
go up, the pillars becominy correspondingly thinner towerd the
top. Al Lhis helght the pillars and back begn bo take weight. To

-malee eortain that the fAooe pillar will crush the stope pillars are

el owver al the top by deilling them fudl of long heles and blasting
theru with heavy churges. The floor pillar of the upper level breaks
13 ik settlos down, crushing the stope pillars ot the seme thne, Many
Iurge blocks of ore scftle without hetng broken enough to permik
londing thom into ears, muking it necessarv to do ccmsi&m-nblc
blasting in the ehutes, When the shrinloge stopes are mined tha
presence of o hard band of ore in the middle of (he ore body, with
gofter ore alomg the walls, permitz a rather wnosun] procedire.
The hard oveis drilled with heavy drifters and blasted with $i-pereent
gelabin dynamite. The softer ore on either side hrewls away to the
wallz with liitls or no drilling and hlastie, Thus, actnal shrinlage
stopiong Iz confined largely to the band of hard ore. When necessary
to foree the breaking of the softer ore holes are drilled toward the
walls with machines set np under rhe hard ore.  About hull of (he
are mined i drilled and blasted, the balance being broken by eaving.
After all the orc mn the end stopes -haz becn Broken drawing 1z
begen and eontinued until the gob from the caved upper levels
=1ﬂpeura at the chutes. Drawing is continued @ the next lines of
ohutes and retreats toward the muin erosseat from the shaft.

Erring 1428 0! stope labor averaged 0121 man-henr per long
o, equivalent o €61 long tous por man-ghift, Corresponding
figures tor 1929 were 0,190 man-hour per long ton, or 42.1 long tons
per mpn-shift _

Consmmpiion of explosives in stoping wwas 0.393 pounsd per Tong
ton o 1928 and 0401 pound in 1929

CLIAR 2L TRDEN T C0,, CLIAAR, COLOD,

Before 19580 most of the ore at this mine was mined by shrinkage
stoping in a series of parallel stopes separated by regular pitlars, the
illar ore heing ewved wnd drewn with the shrinkage ove. The ore
ody is a large, Irregnlar mass 200 Lo 00 feed thick, the linils of which
had not been determined in 180, The ore mineral is molybdenite
dizseminated througl o bighly silicified mass of aliered granite.  The
ore statuls well over considerable spans, sod ihe walls are of the sume
charaeter, The ore body has no well-defined walls, and the values
gradually fade eut around the boendaries.  The average grade of the
ore iz 0.9 pereent. MoS..
"The metlhod of mining by shrinkage stoping hus been deseribed by
Coulter.®™  The upper level of the mine has approximately 100 fesl
af backs, and the lower level (1926 is 200 fiud below the npper one,

W Cyaylier, Willlam J., Miolng dbolvbidenlis ﬂl'l.'!. ol Choger, Celos o Buge anil Bin, Jokr,
vol. 127, M, ¥, THRD, pp, 304 4000,

10003 —BT——u
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The shrinkage stopes are 400 feet lony and 50 fect wide, with intere
vening pillars 40 feet wide., 'Fhe pillars ure recoverd by o coyote-
hole systom.  From the main lewer level adit haudage drifts are
driven right and left for 250 feet on the cenlor of each stope and
pillar section; that is, 90 foeb conler fo coptor. Service raizes are
put up from eacll of these drifts, 100 feet from the adit cach way,
to g helwht of 35 feeb, wnd 5- by T-foot grizelv-level drifis are driven
from the raises direetly over the hanlage drifts below, learing w
#¥-foot back belween the hanlage drifts and the grizzly-level drilts.
Chuie raises ave put up Irom the hanlage drifls at 50-Food iniervals,
ome on ench side of the drift. One Is dedven inlo the stope block o
interseet the grizely level on the center line of the slope, ald tho
ather iz driven to the center line of the pillar at the same lovel, Short
crossouls are driven from the grizzly deifis to out the Lop of the
chute raises, aod room is made for o 13- by S-fook grizsly over each
roise,  Ilaises sre run up from the ends of cacl grisedy; these are
belled ont pear the top at the level on which stoping is to start, which
is 80 feet pbove the grizely level. When this worl i complcted there
are two lines of belled ralzes on the stoping level, the ralzes o each
lizie being 25 Teet apart center to esnier,

SBhrinkage stoping iz begnn from thiz level by breasting out the
gtopes frora pillar to pillar with Leyner machines. Service ralse:
are put up at the suds of the stopes and after stoping iz well under
way are earried Up with the stopes and serve for entrance and exii.

The atopes are developed ahove the grisely level in advance of ihe
pillars. Initial development of the pillars is the same as that of
ihe stopes. Al the north and south limits of the pillar roises are
driven from the center line of the pillay to the back of the ore, start-
ing from the mining level, which is 23 feel nbhove the griazlies. They
are gonnected with the npper levsl for ventilallon and handling of
snpplies. At vertival intervals of 20 feet, 3- by 4-foot cayofe drifts
are driven along the eonter line of the pillar from these raises.  Small
grogeents are driven at 18-foot intervals glong these drifts, & foet
eacl way into the pillor, and aze teed wl the ends for powder pockets,
From the mining level and the south raise 2 eut 12 feet wide by 7
fuct high is driven down the center of the pillar to the north a dis-
tanee of Lifd fenl, luaving pillars 1% to 14 Teel thick on ench side.
T'rom this ent the side pillars are drilled with holes reaching within
2 leet ol the broken ore in the shrinkage stopeg, Bince Lhe. covole
churges are asted on virtnally a verlzes] line from the south end,
undercatting on the wmining level iz advaneed in stages to give the
pillar a substantial heel to rest upon. '

Tlhe Eji_\ﬂm on the zouth end wext iz ent off by widening the rTaise
and drilling out to the brolken oré in the shrinkmg: siopes. The first
ling of coyote charges then is blasted with 13 feet of the side holes
on the mining level. The swell is drawn, the nezt row of eoyols
chargez and 15 feet more of side holes are hlasted, aod this is con-
timued to the north end of thae pillar.

The ground in this mine iz hard and uniform and iz wirtnally all
quartz, which hreales cxeeptionally well. In the shrinkage stopes, 13-
to 80-foot faces wro carried, two machines working in the same breast.
Each machine ydvances along a piilar ling, and they beth reach to-
ward each other to cut out the ntervening pround. In the breast
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18- 1 2-foot holes spacal 43{-3 to & foet apart are drilled. Four tons
of oro are broden per pound of S0-percent powiler In stopes. Clay
tamping is nsed in all Toles. The wrerage break per mecehine-shift
e slopes iz T60 tons, .

In drawing.the stope and pillar ore it i3 expected thet the enp-
ping will eave over the enfire block, and carcful drawing will be
ﬁ};:;ssa-r}r Lo lngure proper setthing and prevent piping through of

.

Dring 1929 the sverage daily cutpul was 1,060 tons,  Tonmage per
man-shift stoping was 43,42, equivalent 1o L1842 man-hour per fon.
Tonnagmo broken per foot of slope developinent, was 408,

Fotire blocks will be mined by a system similar to that employed
at the Alusls Junesn mine, which will bw described nest.

ALARIIA FTTHPAT MINT, JTURHAT, ALLGICA

The stoping methad empioved at the Alasks Jurnesr mine bag been
variowsly termed “enving,” ¥ undercut caving,” “sublevel cnving,”
and “shrinkage stoping.” The method is not » eaving method in the
striof inferpretation of that term. alihough i 5 refarred to 23 o cov-
ing method by the consnlting engineer of the company.™ Ik s trus
that mueh of the vre is broken by enving and that caving is an essen-
iial part of the system, but the eaving is fnduced by a series of large
Llasts which break the ore down into stopes kept partly filled with
bivlesn ore. The system 13 not a (Pue subleve) caving method, as
stoping advahecs Trom the level npwward, whereas in mxglcr-cl caving,
us defined in this bulletin, stoping heging at the top and progresses
downward to the level ome slice at a4 time. The pariigular term ap-
plied to the system iz not, however, a2 Important ws its remarkable
results in attalning costs that have made it profitabie to mine an ora
which contained, over a pericd of years, an average of only $1.192
per tom in gold and from which the recovery wis only ahout 80 to
85 eents per lon,  As the system sppears to the suthors to ba a
varigtion of shrmbagre stopng it is incuded under thet classificntion
. im thiz pajpor.

The following 1z abstracted Trom Bradley's paper:

Tha gold acetirs In guarts stringers and gesh veins in o wlde ghent =ome in
st amd metngebbroe Rvieger lodes, wsunlly neae the slate and fobloe cm-
faets, ave fouand In o sone Trom 1000 ko 2000 feet wide, These 1loder are mode
up AF 4 networl of goorkg veinlets gnid §soleted lensos vackng in width from
less than 1 dneh ke & o 4 foet, Ther higher-grade ore baauls ure nel over 500 Leaf
wile, while dhe Wever-grade I letiyl Detweet thom volies from 25 to 100 feet,
Olean guariz will average 86 pov bon within the avess of commenial grade, while
the ek gelsicle of fhe quurrs sringers s praciically worthlesg, The ore hgy no
hnrd and Tasp bowmliey exeent where out-by fanltz, ang proftalle mining cegses
on o Tagne znd indefinite 1oe where the autitercsns =ECingers arwl pash Taing
Lizctane Goo foww In agmsheon '

The nukars of the ore body mude 1t weprolifable to practice sslective
mining of the higher-grade erratic veing and lenses, and the entire
miss liad 4o be mined wholesale, allowing dilution by the barren
material hetween the pold-bearing portions of the deposit. Waste is
eliminated on the suriace by sorting aod rejection of 58 pereant of

™ Ieadley, T H-. MIning Meothodsz od Costa, Alazlke Tunean GGold BMining (., Junead,
Ataskk: Inl Clee. $03, Barenn #F i, 10924, D, 6.
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the roclt trammed, Loliowed by Gne milling of the remaining 47
poerset.

In developing the mining system due consideration wis piven all
phvsieal conditions surrounding the ore bodics. Tull sdventage was
talcen of the fault syatom, conssting chiefly of the Silver Tinw fault,
the Nugget Creek fanliy, and o number of subparallel sympathetic
faulta, The Silver Bow fauli entz across ali the ore bands ot a hovi-
zantal angle of 53° and divides the mive Into twe parts, the necth
half and the south half. Nugget Guleh fanlt is a strike fault and
ia the marlker for the footwall of the ore; i dips 867 to 602, On cwch
fault plane there s conzidersble [aalt broceis, which sloughs awey
when imderent.

The sloping systein consizts of (1) cuthing out stopes of large arce.
located so that the foolwall of the stope Iz one of the fanlts; (2)
driving ruises from the back of the ent-ont stope area to the next
two levels ahove; (3) driving numerous powder drifts from snd ra-
dia] {0 these raizes; and (1) providing bulldezing chambers for
drawing ore out of the stopes 1ute the loading ehutes. The sequenee of
opergkions is shown in fgure 34 '

In preparing a stope two parallel dridts 40 feet apurt are driven
under the stope area. From thes: drifts chube raises are put up 50
fest to an interinediate level where the ore is Lo he drawn from the
stope throngh bufldezing chambers, From the bulldezing chambers
gul-nut Taises nre driven 48° Lrom the Lwrizontal toward the hanging
wall on one side und the footwall on the others these are then cone-
neeted by back gut-out reises from ewcli. The wnderentting then
hegins from theses raises. Pillars 80 feet wide are left Debween stopes
where needed ; in adidition, temporary pillues Irequently are wsed fo
snpport weak roof during enttmg-cot work, Wlale undereatting 1z
heing done stope roises are driven to the lavel above ab ahous 100-

. foot intervals. The upper level ts then wsed az o supply level am] as

9 means of access to the powder drilts below: From these raises
powder driffs are driven radially, usually about 44} feet long and with
ok over 50 funt of burden. When the area hag beeon underent eon-
pletely blasting is b, und the rocle Is drawn theongh the hulldos-
g chambers intd the chiutes below. It hasg been found that, for hest
results from powder-drift blusting and eaving, Lhe stope gliould have
a harizomtal ent-out avea of af lewst H0,000 square Leet,

Powder drifis driven from stope ralzes over the baclt of the slope
ate 4 by 8 foef in section and on a grade of about 10°. They are
geldom over 80 feet long,  The average depth of ground placed om
# powiler drift is 35 feef, which would rogiire an averuge charge of
400 peunds of 40-percent dymamile ploced in two piles 55 or 40
Teet apart. Thiee, four, or even’ live sich piles make ap an ovdi-
nery blagt,  As a rale, only ohe sories of powder deilts on the same
level s blasted af 2 Hme in any ope stope. ” The powder iz a 40
pereent ammonis dynamite o 134 - by 8-ineh slicle, which are packed

- tighity against the back of the powder drift. ach pile is famped

for about 15 feet with fine rocle an] Jdetonated with double-countered
Cordean Bickford fuse. Enough broken ore is kept in the stopes to
prevent any iil effects from alr blasts dne Lo caving. Up to the end
of 1928, 3123 blastz hail been made, using 1.682.950 puunds of dyna-
mite and averaging 20 tons of ore broken per pound of explosive.
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T stopes where blasting is not accompaniad by coving 5.56 tons of
pre are braken per pound of explosive.  Of the tokol explosives con-
suruen], 13 percent 1z used in development headings and stops prepa-
ration, 16 percent in blasting the powder drifls, and 71 peccent in

bulld ozing.
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Development. work, bulldosing, loading, tramming, and all pre-
“pavatory mining work are dome by contract, and the wages paid to
cantractors and their men comprise 74 percent of the totel under-
ground puy roll.  Stope cut-outs, which are 7 feet high. nre also on
contract, and the price ranges from 35 to 40 cents per square foot.
slope measurement., & bonng s pald to all men not ineluded in the
development or bulldozing wnd tramining contracts.
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Direct stoping and balldeszingr cogts for 1088 were a2 follows:

Direet sfoping and tulidesingy costs, dleske Jiwemy mdme, IRZE

Ceal purten 3 {Tag? et tan
Btoplng of o freatnced | Tulldosing : af vro reman gk
Labor o m e B, 0014 L1173 S 1§ N1 (1A}
rowrer e oWl e W0
Deplogiven oo [HIGR Txplaslves . o _____ ()
Cber suppies - L 0005 Criher snpplies - g
Tyl stoping . eem L IHEID Total Inlldsing L1128
Total stoploy and bulklosbg- 1219

Davelopment in ore, most of which waz stope preparatory work
cost 300611 per fon 0f ore tranuned, malking the todal nining cosl
{excepl tramming) 50.1880. Tramming cost was $R1136 per Lon,
thus the total underground cost was $0.2066 per ton, Tetal nnder-
gromwl eost per ton was $0.286 for 1950, .

Labor performance in stoping and stope development in man-
hours per ton was as follows: for 1923

Liabor Ferformesee, SO0 00d stepe development, Aluafor JQunogy mite, T8

s _ AT Ealoiet ebineged to
TIrilerernlInl prew i

Mouwhur | Tons par | Mun-ouc | lans pee

TIET LI, r-Elillc T tan oS RifL

Trirvclajiloane A 0, {50 il 0, 45 ©1p

Bioping,-. .- R, N . 400 i a7

Buldazdoe__ o e -1nd 143 BLH o

‘Cora] eharzeatin b S E. el s Bt 1ad ! ]
Trnecuimy_ .. S

it i 155 . 148 I: a1

The foregoing fignres—ihat is, $0.183 per ton, 0095 men-hours
per Lot and 54 toms per 1mal shift—ure on approximately lhe same
basis und eover e same worlt ag the fgures on divect StT}PJH% fop
tha mines disoussed previously, It is apparenl from the cost of labor
anid explostves and Lrom the mun-hours per ton for stoping in the
ahove tables thut a large percentage of the ore must have hesn
cavedl.

LBEATEUN MYNE, L[ATOTOHE, aLA9KA

" The system employed at the Beatson mine Is much Jike that at the
Alaska Juneau mine. Tnstead of hlasiing down the bucks of the
stopea by large charges pluced 1n powder drills, long drill holes are
Fannesd put from benches In ruises, as shewn in figmre 35, The sys-
tem has been deserihed by Presley,® feom whom the following has
heen abstractod @

The ore boidies wee MINCTANHEMNT porlinns ol o well-defined gheac wone In slote,
selitut, and graywacke, The ove body i3 voughly lenclenlar in foom, lo 200
Teck L, smddl hos o mazimam widik of 840 feer.  The hanglng wolt 18 olear)y
dedoed in the soulb end of the mine by the Dentson faull, There 18 no weil-

P Presley, Davan, The Iatouche dyatem of Minlpg as Dereloped st the Geagsnn Mdine,
Ewnpecott’ Copper l:'_‘.nrgnmﬂ-:-n. Tabpiohe, Alaake: Traus A, Ingk M and Hat. Ly,
vl TH, 1023 B, 1182,
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defined fontwnll, The stringors snd buuches of ore become [ega [Teqaent el
the ground 15 too Jow drade Tor pecftzble mining,  Innmmerable minor foulis
nwi =llpg run thromgh the ore hoady in all directlons and arve invaciably
acepmpuitied 1y tale and cloy sewns, maliog the groond treachersos ancd
necossitong ologe timbering in the pormanent openinggs. Ino hal perlion of
the ore bhody where the glabes amnd sehlzts arc miveralized the geoond §s #efl;
where e geoFoeackes e mineralised fv is hard and beenls in Jsrge hlncks.
Wwhe principol mineral, chalooprrite, is associaled with prrite, pyeehodlte, aond
quirtg, and ooentd it massss, velnlets, snd dieseminoted poeiicles,

The ore body was loid ool Fee moining with alterpece stones and pillars
werogs the genernl sivilze, The whilth of the stojes was T (eel, and ot of tle
plllare 80 teet. 1o order o peepare the stopes ond plllsrs for mining aperalions
nmiter Lhia syslem il 1% mecossury tooddeveldp Lhrse levels on apper level from
which actunl mining is chrrled on, o intermediate evel on which the slopes
are propared sl undercit and which is wneed later as o grizzly Bevel, unid a
Imwer levol for haunloge.

Figure 35, 4, is an ideal vertical scetion parullel o the strile
showmg the Tevels, braneh raises, stopes, and pillars. Figure 35, B,
i3 a section of stope 202, showing all preparation work completed
and L stope undercut, Figul'e- a5, ¢, piclures the swme stope after
2 months ol mining, and figure 835, &, aflter 6 monihs of mining.
Figure 55, &, shows o plan and vertical sestion of a typienl long
roond msed in blasting a raise beneh in hard ground. It will be
noted iTom figure 345, A, that two lines of mining raises are put up
in gach stope from which he ore is Blasled out to the pillars and
belween the raises, wherens anly one line of raises is required in the
pillars. The mining raises are pubt up from the undercaiting raises
parallel 1o the dip of the ore (557 to 70°} and are § by & feef in
geotlon.  Tho reises are epaced 40 to 60 feet apart horizontally from
fout to hanging wail.

The stopes are undereul by widening out e undereutting iz
lpierally from each grizaly aobll they hreok chrough dn te cender
of the stope o the correspunding undereul from Lhe raises on ihe
oppasite grizely.  On the pillar zde of the raises widening iz earricd
to the pillar Hne. Tlsnally o temporary pillar about 10 feet thick
mnming from wpex Lo apex Is left ubove each pair of opposile griz-
glies, Thuese pillars are drilled but are mot blasted until the stops
hos boen undercut completely, After a stope i@ nndereut, except
For these suinall pillaies, the back of the atope i3 a series of more or [ess
rogldar tills. 1 the rills are very solid it iz necessary to drill and
blazt them at the same time the amall pillarve are blasted.

Raise mindng iz begun in the raisez at the footwall end of the
sfope. Coming down from the mining level to a peoint 30 to 20 fuct
ahove the baek of the stopa cut-out temporary skaping is inskalled in
the rasse, and hales are drilled downward in the sides, back, and feot
ta » depth of B or 10 feet, When ihese ave blasted 4 Benel is formed
wround the raize. Slabbimgr iz continued il necussary until o bench
1% to 25 feet long and 12 to L4 feet wide is formed, with the mining
raise m the eenler, The floor of this beneh s 20 to 30 Tect above
the back of the stope cut-out. The leng reunds ([ 35 &) are
then deilled.  Stecls up to 24 fest long are used, and 34 to 40 holes
are: required in very hard ground, whereas 20 to 26 holes are neaded
in softer or more broken ground. The koles ave sprung 1 o 3
times to forin powder pockets st the bottoms,  They are then lowded
with 40-percent dynamite, using 500 fo 1,000 ponnds per round, and
the baclr nf the abope is blasted down using eleetrie detonators. Two
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miners vconstitute the crew in cach raise. From 14 to 15 days are
reguired to stage up, drill, apring, and blast the short rounds clean
off the bench ; and har dewn, drill, spring, and blast the long round.
In blasting 279 complete rounds 394,091 pounds of explosive were
vsed, breaking 1,618,212 tons of ore, The explosive used averngod
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FHtme Al—30nding gratoan saployed ul Beatean mioe, Lakon:he, Alska s A, Idaal vertieal
seetion porallel (o atrike showing ey, bouach ridses. stopee, and pillnra; B, wecton
of 202 erage, prepration complided wed wope undercul:; {F, :ortion of 208 atope nfrme
2 monlbz wining,; D, same Erope after & rogths wining ; E, plan angd secliow of
Lrplual Jenyg round 1o ralpa beneh 11 hocd goouod. )

1,045 pounds per round and (245 pound per ton of ore broken.
Each round broke an average of 4,475 tons of ore.  In hreaking this
tonnage 5,158 macline-drill shifls wern required; thus 188 tons were
broken per machine-shiff, or 99 tons per man-shilt drilling.

In undercutting the pillars, which 1s not done until the stopea on
gach side have been mined Lo the top, the mndercutting esises are
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widoned out 10 Feet on ecach side of the renter [ine, lepving a 5-foob

pillar botween the Lroloen ore in

the stopes and thal in the ralses

(ienerally this brendrs down with the first raise blast above.

Closls of

brealking 119,865 too

5 i henching, 1618212 {ong in

gtopes, and 501,741 tops in pillars wees as Tollows;

Hreghling cost per
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The cost of llldoxing 1E68E07H
alopes, and pillars waz as follows:
Cagt frw tod |

- B RA0Eers e SN
Exploalves oaae _— AR
Compoeage]  nlr, drills,  sreel
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Hepulring chutes and pgrizslies
lodwic - . Q0a

The cost of prepareation for slo
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Stope preparzl.{:mn _______ S | i1
llae preparation. o — L 04%
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Lepairing ehutes und griz=lics,
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ping waz zx follows;
Cart por ot

Yenfilalion radzos e A0, 003
okl enst af slope nren-
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Tho total direol stopiy coal is summerized as follows

ARt Per o )
ErcpEing o henching, atoles,
and plllars; averase o 23152
Bulldosing mowe L2308

awd par tolt

Hiope propacation-.____———.__ §0, 947
Tatal  dlrecl stoplng
endt . s

Lioading, tramming, and hofsting eost $0.157 per ton; preliminary
development, prospect raises, and ents, §.044 per ton; and dimmond
drilling, $0.008 per ton. Thes the total mining cost was $0,793 par

ton of ore delivered, and the dire
the total mining cost,
Wagre rates were g follows:

o sloping eost was 76 peresnt of
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UMMARY OF SHRINEADE STUFLNG

1. Applieability —Shrinkags stoping is applicable to the mining
of tabular depogits ranging in thickness from minimum stoping
width to zeveral hundred ?:-.re,t, dipping at an gngle steeper than
the wngle of repess of the broken ave, and composed of firm ore
ench;su%[ within tirm wall rocks. The ove itselt must be sirong so
that it will support itself over the buck of the stope under which
the men work, and if the wallx are nob firm conzidecable dilution
of the are will take place, especinlly whon the slopus are draw
The method is well adapted to undercutting and izeluting blocks of
gronnd by boundary stopes in block-caving systoms of vuning. Aa
m the Alaska-Junewn and Dealson mine Fariations of Lthe method
it ruy be employed to mine large ore bodies by partist enving -
dueed by large blasts. The usnal or conventional shrinkuge-stoping
syatent finds 1ts best applieation in the mining of steep, tabular de-
pusEits of moderats thiclmesz, having strong, regular walla and con-
taining few waste inelnzions in the form of bands or lenses. Horses
of waste may be mined around and left in as pillars if they are large
enolgh to stand after the ore 13 blasted away from thern, but nu-
merous small pillars may caus the broken ore to hwng up in the
stopes, eapecially if the ore is thin ov the dip is pot very slesp. In
tnining wide deposits by this method it wsually i= necessary to Jdrive
tho ztopes scresa the ore body snd to limik thelr width so that they
will stand well without support, leaving pillars of ore bétween Lhe
stopus.

8, Flewilility—The shrinkave-stoping method Tncks the dexibility
of other supported-stope methods, There is no opportunity o
g0t out waste in the stopes, buat if o grisaly and doubls chites are
inatalled, as tn ligures 28 and 30, some course waste may be sorbed
otit #nd thrown nto separate ears on the level, Thers 15 little op-
portunity to follow tongues of ore out into fhe waell: and to probe for

parallel oen bodies, since thiz wsually involves beesldng consider-

able waste, which thers is no opportanity to wob in the stope. Tf
the ove iz wregular i strile or dip, sharp projections of wall rock
inte the stope weaally will break oll and dilete the ore. TF the dip
is. ver'y irrezular the rolls m the foolwall form benches on which the
broken ore will hang fn drewing the stope.  Dislocations in the de-
posit which offset blocks of ore over the lower portions of the stopes
are ot io Tesnlt in caving of large slubs of wall vocl between the off-
et h}uuks anul the stope below, camsing wndue dilntion and malking
the stopes wnsafe.  Therefore, the method s not wll adapted to min-
my depegits containing melusiong of waste, o those having vory ir-
refular walls or frequent tongues of ore In the walls, or to veins
whicll are offzet frequently by small Tongituding] faults. A large
proportion of the brelzen ors. {usuully aboub @) to 65 percent) must
bie left in the stopes undil they have been mined o the top. When

the¥ fmally are deawn the aee must be taken ag it comes, and there -

is no possibility of varying the grade of orve drawn from a pgiven
:-i{'uglt‘: Trom day to day to make » Jesired grade for the mill. Con-
tral of geade for this purposs cun be obiwined only by drawimg
from u number of stopea of Inown average geade, and somudines
It mey be necessary to have a number of stopes Tor groding parrposes,
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wherens one stops would provide the some tounage if worked and
drawi as rapidly az possible.

A Eafemim?y.-—§f the deposit is very repulnr in dip and strilee and
haa exceptionally firn walls abnost all of the ore ean be extracted
by ghrinkage stoping. Where there are nnnerous rolls in the fooi-
wull, ore may be left om the wall doe to rte being coverad by brolom
ore ciluring the working of the stope. 1f the walis are exceptionadly
slrong gueh ore way be recovered lator, when the slope is being
dravwn empty. If thers ave frequent ollshoots from the main ore
hody inte the walls the vre contained therein is apt Lo be left behind
and lost, although much of this may be revovered subsequently
while the stope 38 being drawn down % the walls ave fim:. Where
the stopes are carvied on pillars over the drifts mmsh of the gre in
these pillers may be logi, eapecially if the ore snd walls have boeen
weakencd by mining or by expesure fo the gir. The same may be
said of Heor pillars under the lovels, 1§ the ore is.of low or medinm
grade, pillars sometimes are deliherately left belweon stopes, over
the drift backs, and imder the levels, and these may comtain 10 to 13
peresnt ofthe ore.  The tots] tonmage recovered fregnently is greates
than the estimated tonnuge in the deposit end nsually 1s lower in
grace than is estimated, doe to dilutlon from the walls cuused by
rregntlarities in the walls breaking off and falling on the ore, slonghi-
ing of slabs of wall rock lonsened by blasting or by air slacking,
faulted eonditions in the vein, blasting of wall rack in narvow places
o make working rdom, or bfasting; oul offshoots of ore in the wall
rocks, which uzoally is attended by breaking of some wasle, Or-
dinarily abont 85 Lo 95 percent of the totel ore is recovered, and
dilution enstomarily amounts to 5 o 10 t0 25 percent where the
shrinkage method i3 applied to condilions to which it is suited.
Somelinies dilidion may run 80 pereenb or more, in which case
gorae oiher mining method probably wonld be better.

4, Levelopment—In narrow ore budies development nsually is sim-
ple, and vnly & smell arannnt of stope preparation Lz required. Whers
the gtopes are supparied on stulls ower the drifn backs the skepe do-
velopment consists merely in taking down the drift backs, plcing
the sgtulls, npd inztalling choles, with pechaps an occasionu] raise
to the lovel above for venlilubion. Frequently, ne ralze i putb
through until the stope haz boun advanced upward for somws fis-
lance, In wider veing, whore the stopes are earried on regular drife
sets, somewhat longer Is required to prepare for stoping, hut the
stopes can b bronght o production n a comparatively short
tine, Io nines where the siopes are ecarrisd on pillama over fhe
drilts short chute ratsos rnst be put up 2nd eonnected over the pillar
by a sbope drift, and i1 grislies are to be uged further prepuratory
waorlz 15 necessary in blasting ot chambers, installing srreinalies, an
raising from the griwly chambers to the stope euf-vut level. In
some Instances the abilify to hegin stoping quickly afler the level
has been developed hus led to the adoption of shrinkame stoping.
In mekt instances this wondd not be 2 valid renson for adopting the
method, as usually only aboni 30 to 40 pereent of the broken ore can
be drawn during mining of o stope; therefors more stopes would
have to be in operation wt a tlne to supply the samn tonnapge that
could be oltained from fewer stopes in which the ore iz drawn as
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fast 45 it 1s broken.  Once a mine bas reached its produoction shride,
however, the deficiency in prodnctive capacity of opernling siopes
can he met by drawing completod stopes. : .
Tahle 8 shows the relaticn hetwesn feet of slope development re-
guired and tonnages of ore developed at o number of mines employ-
ing shrinkage stoping. ' '
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8. Clost of sheinkage stoping—Direct stoping vosts af u number
of mines which have heen deseribed in the forvegoing pages are
presented in table 7. Thesw costs include stope preparation and
gtope development but net peneral wine and level development.
They vary hetween wide limits. The lirst 13 mines Mated are in
veing of narrow to moderate width, and the divect stoping costs
range from $1.280 to $2.743 per ton, averaging shout $1L.70 pur ton,
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The nest two mines listed are m somewhal wider ore, aod the
costs are of the same order—that iz, $0.78 and $0.68 per ton, re-
spectively, or an average of 30.70 per ton.

The fgures for the Hmnestalke mine do not reveal the shrinkage-
stoping eosls separately from the costs by the other methods em-
ploved thure,  The figures for the lust two mines, the Alaska Junsou
and Bewlson, wre obtained under conditions seldom encountertd
in oher {}Hw_’u.ting mineg and with gractices guite different from
those used m conventional shrinkage stoping. :

The principal physical factore controlling these variations in costs,
in the arder c:-fl t-l—)lveir,ﬁnpm"tsmce} are probably: (1) Width and
continity of ore and (2} hardness and toughness of the ore.
Vorintions in wage rates and costs of explosives, timber, and other
suppliez between the differenl ntines, as well as diflercuces in plovsi-
cal eonditions, make it hupossible fo draw further sgpniesnt con-
clusions from compmrisons of the costs,

The coste of chrinkage stoping in man-hours per ton st o namber
of mines ars given in table § and consumption of esplosives.per
ton of ore stoped in table 9.

AUVANTALES d1f HABINHMIK-EIOFI NG METTDR

The following advenlages of the shrinkage-stoping method may
be noded for muning bodies of strong ore enclosed within firm walls

I, ikl preliminary wozls iz reguired in the convenbional system
tn prepare the stopes for production. :

2. The broken ors in the stopes provides a floor close to the back
of the stopes upon which the men worlk. IE also supporis the wells
chu'ing active working of the stopes.

8. Stopes can be worleed rapidly, as there iz little o no time lost
in timbering in the stopes. large stopes in good ground a num-
ber of crews cun be worleed in sach stope.

4. Long ore passes do not have to be built amd maintained from
the level 1o the back of the stope, ag the orve is drawn ol g
number of chutes or short raizes st the drifi level

5 Tramming or wheeling ove in the siopes is not vequired.

6. A consideralle reserve of brolen ore is held in the stopes which
can be drawn upon to matntain an even sup]lal}' of are to the mill,
even. thourh brealing may be af an irregular rale.  (See disad-
vantage no. 5, po 186, .

7. Large chunks of ore ean he bulldoeed on topp of the brolen ore
pile in the stopes. [Sce dissdvantage ne. 7, p. 186.)

8. Low stoping costs, varying inversely as the width of the ore,
are pssible, . _

DIZADVANIAGES {lIr BHRINKEAGR-BT0OFING METIEGD

Inherent disadvantages are as follows: ) )

1. The method has fredquenbly been apphed te deposita having
walls whith slough to such an extent thal excessive dilution of the
-ore takes place and olean mining is mmpossible. Thiz mny be con-
sidered a misapplication of 1he methed rather than a disadvantage,

. but in horderline deposits where dilution iz considerable, yet not

prohibitive, it i3 an inherent disadvantage of slrinkage stoping.
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2. Although rapil development of stopes for mining is possible,
permitting n mine or level (o get inte praduction goickly onee e
level :levrﬁopmeni; Is well under way, only 30 to 40 percent of the
ore in ench etope iz wvnilable for remowel as 1t is broken, the balance
being tied up ontil the stope Lus been completed.  This ties up work-
ing capitel in bresaking ore whicli cannat be turned Iolo cash for
sotne flowe. ' -

3. Ezecept in deposits having exceptionally firnt ‘walls, wome dilu-
fion of the ore with waste iz bound Lo oecar.

4. Allhough ]nn%’ ore pagses need nof be built and maintoined, as
in some othor methods of stoping, chutes usuzlly must be spaced
closely, as otherwise the brolen ore often will hang up betwesn the
chutes, preventing its being drawn down evendy, [T chutes arve
spaced widely conslderszhle shoveling may be required to alean out
the stopes, and thiz muy be dungerons, or af best expensive, if the
walls nre not exceptionally good.

5. Although reserves of brolien ore may be accumulated and em-
ploved to insure » steady supply of ore to the mill prolenged storing
of ore in the stopes Is detrineutal to good recovery in Iater coneen-
tralion operstions with some types ofg ore. Some sulphides aequire
a partly oxilized film soon after they are broken, which inhibits
thelr recovery in fiptation plante,

6. No opporlunity 1s afforded for sorting ore from waste in the
ELOhed,

7. Although large chunks of ore on top of the ore pile can be
lalldozed in the stopes, there is ofton an element of danger in
working ont under the baclk, especially in large stopes.  Furthermors,
large chunles often are covered wilh finer muck, and their presemws-
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iz not revealed until the chunks arrive ai the chutes, where they give
tralle,

B Bovious, even fatal, aceidents often have occurred due to broken
ore hanging np in the stopes, foltowed by its sudden collapse mmder
men working in the stopes.  In cther instances men have been drawn

“dowi inte the ore owing to mistakes of the trammers in pulling
clmtes wnder sections of the stopes while miners wers working., Sueh
aecidents, while due to eavelessness, nevertheless are inherent in the
stoping method

9. Travel and handling of drills, stecl, and drilling wear in the
sbopes .often wre dilficull and consumne considerable time which eould
better be eimployed in drilling, partienlarly if the top of the broken
oris I3 uneven, ws olben Lappens.

CUT-ANT-FIELL BTURING

Cntennd-fll stoping iz cmployed for mining tabular depesits of
Ligh- or medinm-grade strong ore, dipping st angles steeper Llan
ths wngrle off reposs ol the brolosn ore and Buvige o wall or wulls ton
wenlk to stand more than a short time withenl: permanent support,
pven over comparulively small spans, Tt also is employed for mining
ihick deposits of laroe horisontel ares, which may range from
regnlar to very irregufélr in outline, Iyv means of & series of cub-aml-
fill stopes which uznally are seperated by vertical pillars of ore
Tt is used in veins which sre thinner than practicabls stoping widths,
requittng the remesve] of wall rock to provide room to work in the
gtopes, When the vein and walls are broken suparately the method is
termed * resming ¥ or “ stripping.” In resuing, ane wall magy he shot
down fivet and left in the stope for fill, aftar which the vein Is strippad
from the gide of the exeavation thus made, or the vein may he shot
down first, the broken ore- removed, and the wall then stripped off
to malee working room and te fill the astope below. Cut-and-fill
stoping alse may be used where the atrength of ore and wall rocks
would permit the use of shrinkuge stoping but whers inclugdons of
waste in the ore make sorting of considerable broken ore and wasgte
in the stopes degirable, or where it 1s froquently necessary to mina
stringers of ore oof inlo the walls of the stopes. Bines the Blling
i enb-end-fll stoping does not directly support the back but the
walls only, the ore itself mus) stand well for a short time af least,
If the ore itself and one or bhoth wallz are wealr square-set stoping
or o eeved-stope method nsnally weonld be preferable to ent-and-fill

stoping. Stoping costs are higher per ton of ore in eut-and-fill

sfoping, other factors remalning the same, than i open ztoping
or shrimkage stoping owing to the ezt of handling and spreading
tha filling malerwl; fherelore higher-grade material is vequired to
ke ove when thiz mining melhod s need,

LONGTUNINAL CITT-ARKD-FILL BTOFING I TanTlAR, JTNEI-DIPFING DE-
rosIrd Or g3[ALL OR LRIODERATE WIDTE

In tabular, steep-dipping deposits of narrowe or maderaie width
the ore nzually iz mined by longitudinal atopes in which the ore
ia stoped ouwt from wall t4 wall, The longitudinal stopes may be
carried the full length of the ove shoots or may be limited in length,

1Y — 2 —— 1 1] -
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to reduce the aren of the stope back, by =eparating the individual
stopes from each othor by 'pi%] arz of ore. Ag in shrinkagc stoping
the skopes may be carried either directly npon timl::e:red-faﬁ'ift backs
of upof pillars pver the back of the drifts. The ore iz stoped by

horizontal or tnclined cuts from the bottom of the ore hlock upward.

LG ' MINE, OTGEIMYYILLE, At

The ore cceurs in & cresceni-shapod veln in & Targs syenite chim-
ney or stock out by rhyolile dikes. The ore minerals are gonjong,
pyrite, sphalerite, and marnwiite, The ganpue 15 prineipally altered
syenite and 1*h}ro]’ite with some caleite, barite, mareasite, quuirtz, and
thodochirosite.” ‘The mineralization is banded and s distributed in
lenges throughont the wein, The vein is 1 to £ fewt wide and clips
66° to 887, The ore hrealss easily, so that 95 percent will pass an
B-inch grizzly s blasted in the stopes. The walls stand well for
ihe short time thut they ave requived to remain unsupported, except
in’ rhyalie, where stulls wre required to suppert blocky grownd.

The level interval k=100 feet from the collar of ihe shaft to the
A-foot level; helow thizs levwel the interval iz 200 fouh.  The levels
are developed by drifts along the vein, § feet wide by & feef high;
they wre timbered with regular drift sz, In preperation for stop-
ing, throvgh-raizes to the level wbove are driven (90 feet from
the” shalt and at §90-foot intcrvals thereafier. These ralses im-
prove ventilution and permit exploration of the ground between the
levels. When a stope iz hegun the lagging s removed over the
dritl sets and a 5-foot eut is blasted oif of the back of the drift
aleng the full length of the stope section, the ore being shoveled
into cars by hand.  The lapring iz replaced, and chutes are Installed
on 46-foot eonters with provizion for o monway alongzide each

- chute. The stopes are advunced as a simgle foce by horizental slices

the entire length of a stopu seckion.

SBelective brenling and hawd azzt'f-lng ara required to obiain 2 high-
grade product and o prevent loss of ore in the wusic filling. The
wagte Tnore than {ills the stopes.  When ore and waste occur together
jn slternate bands geross the vein they are hiasted topether and the
vaste 1z sorted out by hand, Where the oveé omcurs as & gingle
strong band in the veln the waste iz blasted fivst and then the ore
{resuing). Where the ore is weak and In g single band it is blasted
first art’ri then the wasbe {uwlso resuwing), Before the ora 15 blasted
a flagy 1z laid on the N1l to prevent mixture of ore and waste. This
fluor consists of fG-fool lengths of 3- hy 8 o Linch plank, The
ore 1z shovelod by hand imlo (e chutes for o mazimnm of 20 feet.
The waste ts thrown aside for filling and leveled off by hand. A

stope crew usually eonsists of two Men, o miner and a shoveler,

The miner drills on one side of o chute one duy and on the other
gifle the next day, and the shoveler worlss on the opposite side.  Hlaled
are drilled in the baek with Liund-rotated stopers; a miner drills an
avarage ol 15 holes per day. The holes are mclined alightly to
throw the ore toward the chnte ns mueh as possible.  Holes are shot
with 80-percemt gelatin dynamite. Stopes wro carried throngh to
the level above, About b feet below the level stulls nre placed at

& Yypderharg, Wiy, (0., XMinlap Methods ot Elle Blocl i* Mine of the Bt Jazeph Tend Ca.,
Hurbegvllle, Mopt, = Inf. e, 8116, Burern ol Mines, 937, 14 po. ’
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G-faot intervals, lagend aver, and sovered with waste to support the
track, At the endgmf n stope zeetion the Gl is lagwed off from the
siid ore by & vertical row of stulls seb on B-foot centers aod logged
with 8- to 5-ineh poles. Where there is a Lorze of waste in the veln
the ore passes are ruised through the waste to the botlomn of the ore
ahove, and ipelines ave driven from this point to the adjoining raises.
Rock walls are buill arcund the top of ihe chute raises, and when
these rre high enough anoiker set of Toise Ghwber iz installed inside
the rook wall. The tiwbering iz done by o repular timber erow of
WO e, ) '

The advantages of (his method at Hughesville are as follows:
(1} The ore iz complelely extractad; {2) L_lit.t]:; Limber [ vequired ;
{53} the broken ore remainz in the stopes only » short time: (4) 2
high-grade produck iz obtained by careful hand serting: {7) good
ventilation 15 oblpined:; {6) safe working conditions wre afforded;
end {T) the firc hasard iz small,

Dae to the namrowness of the vein and the necessity of hand sort-
ing in the stopes spd breaking the wall in many places to make worls-
ing room, output per wan is pecessarily Iow and stoping costs are
corresporulingly higl, )

Vanderburye gives the following figures on produetivity of stopin
lahor for 1928, when 106,242 Jry tons of ore were mined and hoisted :

Froductivéty of wiope tabor, Block PP opeine, 120

Wase-feoqera Tond Fﬁr'
i

Oeenpatlon : N ot MLEIL-A A
Erenlting .o —— e e 1L GG 4.5
Bligveling {and sorttg) e 1. 812 4.4
Timberlng SRR | 1. 6.7

T e - R 2.0

Warns were az follows: Miners, 35.50; shovelers, $5.00; timber-
men, $4.505; and timbermen helpers, $5.00.

On Lhe basis of the ebove figures, stope lebor cost about $2.60 Lo
S2.75 per ton of sorted ore hoisted. Consumption of cxplosives was
2,568 pounds per ton to stoping, :

GUESTA, ¥, MEE™

Nurrow veins contnining molvhdenite s the only mineral of ogo-
nomic value oceur in wide, east-wost fracture zones and wonsist of
groups or sets of closely spaced, branching, and interfingering frac-
turez, Barren nopth-south fractures offsed the veins in many places.
Tha spaca between the small, branching guartz-sulphide veins iz
oeerpied by altered, sericitized, porphyry eonntry rock, and the vein
filling comprizes only a small part of the ground broken in minmg.
The weing are commonly 2040 to 500 feet long, and the largest single
stope is 240 feet alung the strike and 170 feef on the dip; the average
stope is 1ot over half this size. The dip of the veins ranges from
20° o 80° and averages abent 60°. The width of mineralizstion

© ranges from 1 inch to G feet and averages 12 in 18 inches,  Rela-
tive?:r,' wide stopes have been worked on veins averaging 4 feef in

W ouemen, J. 8., Mlung Methods of the }]I'ILi\']'I‘I'].E]:I'Em Corpornkion of Americe nt mejta,
N, Mex.: Ind. Clro, 6514, Buvenn of Mines, 29051, 10 1,
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thicieness. The vein materin] and wall rocls drill and broak eusily,
Drifts along the veins usnally stand well and are not timbered before
stoping is begun; about ome-lvurth of the drifk footage is in badly
breleer. ground requiring support.  Stulls arve used for temporary
support 111 some stopes, especislly on the fatter dips. The ground
near tha veins iz not heavy, and the chicf diffeudty in mining is
caused by the shaticred end blocky charmeter ol the ground where
trapeverse slips have sut the muin fisgsure, The rr:ul_ﬁ)denite itselE
ig very irinble, and numerous finvs are produced In blagting waless it
is dune ['.FH'G-'FLIJH}', )

Ahoatt nine-tenths of the ore mined is extrected by horizontsl cus-
und -t stoping. Teually the i recpuives the support aflorded
by [iling. Other fuctors that faver the use of the cut-and-iill methad
are (1} the frequent necessity of hreeking more Lhan the widibh ol
the ore to provide working room and (23 the fow very long tram-
nuing - digtences from stopo Lo surface ors bin which make handling
ol waste outside the slope cxpensive. _

Thy vertical interval betwreon levels on the srine vein is 40 to 100
fect. A cub-and-fill stope is begun by taking o cut out of the back
af the drift, placing setz and lagging, and mstailing chutes st 30-
fool intervals with manways ot every other ane. Althongh ventila-
linn or prospoct rafses sometimes ave driven in ore from level to
level, which later are nsed in sloping, no through-raises are driven
lor sioping purpozss alons,

Drilling and llasting aceount for only o small part of the labor
in stopes al: this mine, The ground Is broken by stoper holes drilled
alinost verticnlly into the bﬂé{. A short length of back iz drilled at
a time, and the depth of the holes is seldom more than 8 feef, An
elfart iz made to smplay hand drilling in zofi ground to oliluin more
complete and cleaner recovery. Muchine drilling is done with 89-
pound, band-rotated stopers. TToles are blusted with 40-percent gela-
tin dynamite. .

. Whers the ore is wide encugh to give worliing rooin und the wails
nieed not be broken to provide [lling Lor the stope (that i, if enongh
filling iz obtained by sorting), the ore is broken down from wall fo
wall and the wallz ave left Intuct. Tf, ag 1s more commom, the ore
Iz narrower than stoping width, the footswall is broken away from the
ore, any ore iz sorled oulb of the waste, and the ore cxposed on the
hanging wall is then talen down by picking or very light shooting.
Looza sechions of back are supported temporarily oo stulls placed
from wall bowall, The 81 is Jeveled, and sometimes 2 planlk floor
is lnid before the ore is shot. The gquantily of waste sorled in the
stopes varies ureatly, Tt iz estimated that 60 purcent of the muke-
rial hroken as ore 3s refected by sorting or sereening in the stopes
amd thal 10 pereept of the remainder is rejected by sorting on the
surface. _
’ QOLT HPRTEOY RMINE, BOULDER COTISTE, {014

In the Cold Springs mine ferberite cecurs in lenses along voin
fssres: ¥ The lenses range in length from & few foet to a maximem

w "i’:1.1:1r1-.'!{'l'l1-11'5,‘;.I Willinm £}, Methode and Coete af 13.!E1:1nﬁﬁ1"r.'rljl:rite Ore at the (4
iin'ing:_; Mine, Nederlend, Bealder Conney, Colo.; Inl Cire, 78, Burean of Mlyee, 18828,

rB-
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of 200 fect, the average length heinyr about 80 feet. | The width of the
ore ranges from a fraction of an juch to a maximum of 6 feet; the
average widlh mined is 8 to 10 inches, about 3 inches heing the
least that eun Lo mined ecopomicnlly when the price of W0, 1= $12
to 513 per wnil, In the navrower parts of the lenses the ore consistz
uf high-grade ferberite associnted intimately with fine-gruined quarte.
In the wider parls the ore commonly oceurs as a series of stringees
with luyers of barren counlry rock between thewn,  The COUNEY rocl
iz granie, leequently gm{ussnid‘ The average dip of the vein 1 707,
Genernlly the walls of the veins are traversed by a series of nter-
fecting planvs ol wealmess so thut they are apt to slough if openings
nre more than & feet along the dips. The ore 1= fairly soft, s that o
lens exposed along oue side often can le removed easily by sunil aml
hand hamumer,

The {lrst three levels are 50 Leet apart mensured on the dip, and
helow thad the levels are 100 Pesi; apart, The ore 1o extrasted by
horizontal cut-and-fill stoping, much of it being recoversd by resu-
mg. The faclors detsrmining the nse of this method are sy follows:
{£} The ferbierite occurs in nareow, rich veins so that comsidurable
wusts st be broken to provide worlang space; {2) the walls gon-
crally are weak and require artificial support which can be provided
cheaply by the wasle from seleetive mining and hand serting in the
stopess {#) in milling, the higher-grade ores are ul o premiim so
that it is desirable to obtain ws high-grade a mine product s is
conststent with cconoany; (4) the ferburile ls distingnished easily
from the rock, and fine breaking is nol reqoired to separate ore and
waste; and (8) virtually all of the ore can be extracted with adequats
supervision, ]

Afler an ore shoot has been opened by drifiing u stope is begun
by taking # cot 3 or 6 fect high out of the back of the drift. The
ore [s kept separate from the waste by drilbng then separately or
by hlasting them together and hand sorbing.  Afier the back iz talen
down the drifl is tambered with 8- to 12-inch round stulls on 4-toot
centers at the chutes and S-loot centers between the chutes, and the
gtulls are lugged over with ¢ to 6-inch round timber botween the
chutes,  As the stopes are short a donble-compariment raise ot euch
end i 2l thit is required for wocess to the stopes,  Cribbed ore passes
are installed at 25- to S0-foot intervals between the raisez. The stope
then is advanced by anceessive 4- to 6-foot cuts the full length of tEE
ore shoot. Where the ferberite iz in a single band stripping (or
Tesuing} i# emploved ; the hanging wall first 12 Blosted curetully end
drops 1nto the 1L It is feveled, a gheet-Iron shoveling plal is laid,
and the cxposed ore iz blasted down earefully with light charges of
explosive or, if it is looge enough, is tulen down by hand with harm-
mer and moll. Where ihe ore and waste are auxed too intimately fo
be removed separately they are broken together on sheet iron and the
waste is sorted oumt. Tlere than enough wasic to 611 the slope s
ohiained, IBxeess waste is hapdied in the chutes separately from tha
ore and hoisted to the surface. Of the fofel materdal hroken in
sloping during 1931 abont 70. percent was discarded nnderground,
about 15 percent was rmjoected by hané{ soThing on the surface, and
the balance (15 percent) went to the miil.
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Vanderburg® gives limires showlng the advantages of close sort-
ing and the resuﬁ:i ng Ligh-grade materin]l milled, They show that
561 tons of waste were discarded for every ton of ore sent fo the
mill. The coat of sorting was 80 cents per tol of Tun-tf-mine ore, and
the total minmnge cost (except for sorling) was §2.34 per ton of rom-
of-mine ove. The profit wilhout gorting wourld have been $2.45 per
fon of run-of-mine ore, whercas wilh sovbing the profit wos $5.29
JreE o, .

 Direcl stoplog costs in 1831 follow:

fitroct #topfig ooald, Celd Sprfngs mine, 1931

et per | Thost per

a1 nd tian Taf
garlzi arB [Hirg-ofmns
racoverar | oma hroden

Tabar, Iueludior sorthoe. - L340 30447
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F T ELT L -] I, i I
ComPreag| wir, powe 1.118 173
Eixpliives. . A , 0
Pregher_ . L 352 i
Gchet fenpliee - I | s

Tl Mipapt 3690k Qo5 - oo et b, 551 _nld

1 C0sl Jer tan ©f ELi-adrnine aee esuyls SOEY fer Coal &L 2arted ord e vercd dlvliled by 630 AL miny
labior wus podd 2600 per abifc,

Performance of stoping laber follows:

Ferformants of glopivr Inbor, Cele Spriips e, L0871

Man-bignra pet log Temg 1 snan-26if;
Cheetaplico Buoman Rumar-
Qo govled Taia L ynried s

bral:co hreulen
Thoea=lnr. .. 1zl 1) 4, 40 4208
Showellig- .. - G LA 411 Ra 14
ot . g N 20 13, 53
“Toral | a6 - Bt 1,20 9,14

Conswmption of explostves was 448 pounds per ton of sorted ore
or 0.8 pound per ton of run-of-mine ore broiken,

EOCKY Trafe MENT, AQNDRA, MEEToo v

The ore ocours in fractures in rhyolile and rhyolite tall of Levtiary
agre.  Thers are three prinetpal veins about G0 fech apurt, all strik-
ing mearly north and sonth apd dipping steeply to the west. In-
dividnal gre bedics within the veine ave irregralarly lenticular, vsn-
ally wilh the horizonfu! axis longer than the wertical axis.” The
lenses range from 300 by 2000 feck to 10 by 50 feet, and the ore
averagmes LV foet in width, In rare instanccs the ore 3z 20 Feel wide,
but i1 such cases the weins nsually consist of onltiple stringers sepa-

== Vnodethurg. W O, Worlke elued, one fl-11

13,
3T Maater, B. U, upd Bwilkoy, Lo I, Blathads of Mining awl Ore Lsiinatien wé Liky
Tiper Mina: Traos, Ane Inst, Min, and Mel, Eog, wol, ¥3, 1UEE, ah 205—4535,
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rated] by waste, Usually the ove is less than stoping widily, reguiring
sheipping (resuing) o breaking of ore and waste together, ™ Stope
width has averaged 3.4 feet, Lhe ore, consisting of intergrowths of
sphaluriic, galenn, pyrile, chaleopyrite, tetrabedrite, &mﬁ SEIOILeT-
erite in 4 gangne of kaolinized or silicified rhiyolite, has averaped 78
ounces of silver per fon and, as delivered 10 the conmcenirator, 49
ounces. In the upper part of the mine the walls are fairly solid,
bt on the lower levels, where They nznally either are lolinized and
solt or silicified and fractmwd, clozely filled slopes or considecable
Limber iz regnired.  Stripping iz practiced wherever possible, bt
whern Loth the vein wnd the walls are friable losg m the fill i pre-
vontard Ly breaking ore and woaste together and sending both to the
eonectlrutor,  The svernge prade of clenn sulphides 15 $50 oumees
of silver per ton.  Dilation in stoping averames 532 percent.

The stoping methed depends on the characlor of the wafls and
the width of the vein. Shrinkugn stoping Js used where the walls
are irm and the vein is more than 2 fuet wide and open stopes where
the ore extends only 20 or 20 feet above the level and the walls are
firm; however, cul-and -Gl stoping is ysed most, and this method iz
expeninlly spitable where the veln is narrow or the wulls are soff.

Chuing are ingtalled o BO-Toot intervals in narrow ore, wd the
stope backs are carried hortsontally, The ore and waste are blasted
separaicly, the ore being blasted onto cowhides to prevent admiz-
tre of fine ore with the wasbe. The hroken ore iz sorted carefully,
awd afl fines are shoveled inte e elmtes, the cinrss waste being Telt
i the stope. When all ore hos been removed the hides are Caken
up, and enough waste iz blasted from the walls {o fill the stope. The
brolon wasts is sorted do rowove pisees of ore, but some fine ore
nnavoidebly enters the fill. In very rich veins ore nnd waste are
blagted together onto hides to minimize (hiz loss, and all fines are
shoveled into the chutes, only the coarse waste being loft in the stope.
In narrow stopes chutes are formed by two lines of stulls spaced &
feol apart nnd lageed on lhe outaide to support the fill, In wwide
stopes cribbed chales of 6<neh round timber see carrded at 25-Loot
Imtrrvals,

Where the vein 12 more than 3 feet wide the stopes nsually hecome
ton witde apd dangerens if the 8l is Tlasted from the walls; there-
fore, diagonal raises are driven to obtain (illing material, o devalop-
ment ol is dumped in through the development raises. In thiz event
the chutes at the endz of the stope cannot be emyployed ps ore passes,
und wheelbarrows Inust be used for handling both ore and waste,
Iflat-back ztopes are used only whera the ove Tegmires much sorting
or the waste can be blasted sepurataly and loft in the stope.

Inelined cut-and-fill stopes are employed wlere the vein is wide
- and ne sprling is reguirsd. A single chite is estuldished in the conter
of each stope, from which vills are sxtended diagonally upward wt an
apgle of 40° to intersect the development raiscs at each end of the
hlock., The ore talls on inclined plank floors aniled to stulls. Tenpo-
rary grizzly timbers over the chutes retuin lurgy houlders uniil they
ate broken. When vein and walls are fairly finn, slices up to 10 or
12 feel in thickness nsunlly nre taken, After the ore is remaoved the
flonrs are tuken up, and waste is run in from the developnient raises
to fill the stope to within 4 feet of the Lack, Hand drilling Is nsed in
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fairty soft rock where the ore and waste musth I broken sepurately;

machine driils are used where the ore iz hard and there is Iittde danger

of the waste falling with tho ore. In soft and mediom-hard ore hiand

drilling iz cheapest.  Stoper drillz are used for machine drilling,
Divect atoping costs for November 1924, were aa follows:

Djrect stoping ooste, Luchy Drer sudwe November FO84

Cogt Poe o4 & are

IEaned ArElling, cornpuny ettt o - 4 N 5
Hand drilling, congract= . e+ ————————ee— . 108
Machine Jdrifliny, colopany Beeouul . .- o __ SR 1 . 1
Machite drllling, epotract ___ - _ SR 1 114

Todnl drilling_ — R P b I
Tghol, tisrbering apd fig. - ! W [ b
Labol, shovellng and zorting e —_ _— 3

Total atepiog 18DOY o e §2, 845
Bupervision., e LT

Cloapgresseldl mic, alpel shm']:vnul:]_gf_,_;ﬂnl nE?J_piug, 1_}E_11e Unez omg deifl re-

pulrE, fneinding 1I000r ABd Wt o ey —ee e 11
Faprouivea _— — e . 3l
Ammber_ L _— - e e el
Gonerul pupplies - - e e R L

Tota? divent stoplng cosl____ —_— e e it T43

These costs inchude also some shrinkege wnd open stoping.
BIGHTY-FI¥E 2T~E, VATEOON, I5. MEX,

Stoping conditions ot this mine have been discussed already ender
Shrinlage Stoping, as most of the oro hos been mined by this method.
Cnt-and-Gl stoping was employed, however, (1) where the walls
werd weuk owing to a4 systemn of fractures closely parclicling the
walls or to kaolitsation of the walls; {2} where the vein was wide
bt {e} upninerslized eomniry rock occerred as o wide bend within
she encloging walls, o {A) there were splils Tn the vein; (3) where
high-grade ore ocenrred in a narrow {2- or 3-foot) vein; and (4)
where o cleaner produst wag dosired,

Tha melined cnt-end-fill eystem had been emplared in #1x stopes
up to 1931 A two-compartment stuil rajse was begun af the near
limit of the ore body, and later six more raises were slarted at
140-foot intervals,  Sublevel Jrifts were driven. 20 feet wbowe the
rail to connect the raises (seq fig. 86) and there silled ont the full
widil of the ore, Two suceessive, b-foot, inclined ents next were
mined oub im hoth ends of the stope, If the walls were fom the
miners worked on top of the beoken ore and took one or two addi-
Liomal d-foot cuts.  Afer the back of the stope had been cleaned
thewoughly and barred down e chutes wers pulled, ynd the romain-
der of the broken ore wax clesned ont, Tf the deifs pillars were in
ligh-prade ore they wers floored over before filling was run in,
Wasta Tramn stopes above or from development worls then was run
in throwugh the two [l raizes to within 2 or 3 feet of thé hack.
The angle of repose of the broken ore s 24°, and tlic hack is mined
at that angle. When fllling wus completed 2-iuch fooring was laid
on #- by 10-nch siils, and brewking of the back by jmelined cuts
wag conbinued. While one cut was being filled thai on the other
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el of the stope was being mined, Defore each fillingr the manway
and the two chutes were ralsed. DBofore mining was hegran prizalics
of % hy S-inch timber or of 80-poimd raile spaced 10 nches apart
were pleced over the chutes, Hund-rotated stopers woere used in
everhand slicing and pluoggers in brow-slabling snd plugeimye
biouldera.

When #lice below is roedy for
fill, iogging |s 5hot oul, and chim-
neved arp is $rappod inba stope
bedrw. When arg stops runnlng,
WAL i TN ta Tewr Rill

Sclid gre

I PR

i b 4 Stulled chuea

Lrdil hned with 3.
1 el lagsi

et

Chutss far mecking -preparatory 5lice
TireE 30—Detalle of fneBnat cgl-nel-010 sioping, Eighd-Fhee noen, New deadeo,
Whers the vemn wus norrew and the walls were e seversl sue-
cessive clls somelimes were taken from lhe top of broken ore, sas

in shrinkage stoping, belfore the ore was drawn and filling run in.
Typical evt-and-All stoping eosts woere s Tollowa:

Crart-ervied it Ntr}pi:n,r; couts, BloTrty-FEoe wmine

Cozts prr e al gre
EtapaDa. Fenry |
. L“‘“"?-‘ s - Exmlo- 0 bl
Jl:lr;:éllflli:!l:.:@1 Airdrills slien 1l b snpplics Tatol
i1
i
—_— . : — —_———
Moo e LRG3 5L 50, 4k 50, 5 .20° 1, 5oay
U —— 1.1 % Laz| o Las| 7| L. ezl Zi

MO INTYRY MIME, HOITT BLIACN KK, (N7 ANLD

Mininit conditions al this peoperty have been described briefly
under Shrinkege Stoping. Cul-and-fill stoping has been emploged
more and mMore in recent veays, and in 1952 ahout 50 pereent. of the
output was mined thus. Shrinknge stoping is emploved now enly in
isolated stopes, In stopes where 1 13 anticipated that the walls will he
strong and regular, and in low-grade stopes of considerable width,
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Cut-and-fill stoping is superseding shrinkage stoping Lfor (he follow-
ing reasons: (1) The walls ure iveeguyiar ; (2) there is less (filution by
waste rock In sections wilh bad walls; (2) waste may be sorted out
and left in’ the stopes; (4) workings sre stabilized in bad ground
whers {hey must vemain spen for some time; (3) salety Is srester,
vonsidering the pature of the ground; and {6 munways may be
spaccd shout 200 to 230 feet wpard, [ and venbilation raiseg 250 Lo
800 feel apard, and ore chutes 50 feet or more npact,

Through raizes are spaced 230 {o 300 feel aport snd are driven
at an angle of approzimately 48, usually without Limber,  They
are wide enough at the start for a standard chute and manway to ba
Lnidt at the level wnd are reduced to aboul § by 8 feet in the section
above.  Whoen w stope is begun the Lovel is slashed the fnll width of
the ore, the backs are faken down, and the =il is timbered with
standard drift cetz or with stringer eaps and posta (in wide ove),

However, if the back of the dridt is in lean ore or waste with ore
above the stope iz silled out at the bottom of the ore, leaving w pillar
over the back of the drift. The stopes are carried horizontally with
breasta 8 Lo 10 feet high, which are drilled with horizoalu] holes. Ore
broken per man-shift, including fling, timbering, und all slope labor,
avorages 9 tons.  Slashing i cygnelated by deillmg test holes in the
wulls. About 1 pound of dikpercent gelatin dynamite is uzed por
tom of ore broken, . Wasle forr Elling is obteined frow development
headimgs, from small waste stopes opened in the hanging wall of the
stopes, or from two large waste stopes.  Waste is trammed from
wasgte ralses and spread by hand,  Filling and stoping are carried on
simultanecnsly. The ore i1s broken on plank fooring aid on top
o the fill.

Somwe seraping has been done in out-wnd-fil] zlopes swith small
geraper: and sir holsts for dregging the broken ore inio the chutes.
In an 8-foot stope in Jonuary 1931, four men {2 men per sbift) using
a seraper averaged 65 Lons of oo Emr tluy and spread the {ill. The
seraprer alao waz uzed to deege Che [ling from g small hanging-wall
waste sbope,  Tn this stope chmtes were 60 feel apart, and o manway
was carrisd along every thind ooe,

Direed slopiag costs 1n cut-and-fill. stopes are not segrepated (n
Luvenn of Mines Information Cireular G74L, bul the average cost
of all sloping during 1831, ineluding cut-and-fll stopez and some
 shrinkagre and square-set stopes, was as follows:

THerent stophey cosds, Alofalyrs e, fY1L

put }Jc‘r X owk o o

of 'R finiatrd »f ore L’riﬁ“ﬂ-ﬁr&

| IR 11 L || ... I W1 ] £, Sader

Bupervision LS | Other supplivs_ L EB

Comprezzed i, drills, and -

stre e e L 0E% Totnl direer slopily cozfo. 1. 5P
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Costa in wnits of lebor for stoping only were a3 follows durbngr a
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el Tae deesm-g |

Beenlkivg e r—we e b U o B0

Timbering and filling_ - ————— - 14 I
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GROTIMLY HOU MIRT, YAXNADILH, X, M

This mine produced sbout 130 tons of lead-sine-copper ore per day
m 1830 from ireggularly shaped lenscs in o fault fissure along the
eontact between diorite porphyry and a ‘granediorite dike, The ore
body iz 8 to 25 feef wide, mensured normal to the dip, which averages
#0°. The ore Iz a heavy @elphide of 1Rtle naturd strength and
generally requites more supporl than the walls. The dike ":furming
the hanging wall iz 15 to $0 foot thick in most places wnd will stand
wall if ot opened over too great distances; if too Inrge an ares is
npencd under it e ore bresks inie large stabe or blocks.  The
Tootwall consists nopmally of a thick gouges which may canse con-
siderabie trouble by sloughing away. The worst eondition iz whers
the wein has formed in diorite o slight distanes from the dike, s
rhe thin shell of diorite then forming the hanging wall iz fractared
and erushed badly apd s difficult (o support.

Where the vein is narrow it is mined by eat-and-0ll stoping with
very lithle timber; where it is wide filled sqoare-seb stoping 1 ene-
Ploved. In either ease stoping iz barmn by mining out the fall «wideh
ni the ore on the hanlage Tevel and placing 10- hy 1i-ineh foor gills
From wall to wall oo §-fool eenters. Doulde 2-inch SBooring s 1aid
on thege silla. In ore maore thain 10 fest wide syuare-sets are placed
wn the sills. TE Ehe wein iz less than 10 Fuet wide drift sefs aee stood
i the foor sills with eaps from wall fo wall, When the sll iz
eompleted the rsk #oor above iz mined and timbered with square-
sets, The &1l Aoor is then filled witle waste, exeepl for a.line of aofs
left open for traclk, Stulled raises on Si-foot centers which had boen
ran upr to khe level ahove are then enlarged and timbered with sqnare-
geta, one wol wide, from fool to hanring wall. The two methods of
stoping sre similar up to this peint,

Foruerly flat-hack o horisontal cut-and-fill stopes wers used in
T 0T, bt tronble wae experienced becanse the ore and walla
vavidd, Horizontal «lips entering from tlie hanging wall ent: the ore
at about G-Fook intervals, and oflen when o slice was Onidhed and
rendy for fling the ore caved to the next slip above, bringing down,
the hanging wall with it To eliminete thrs danger and to allow
fNing cloger to the back this method wus abundoned in favor of il
stoping, A il stope 15 begun by stoping as high a block 22 pos-
sible nezt lo the cenber raise of o block and then running m Al
throwgh the the raise to its natural ungle of repose. Floor 3s laid
on the {ill and = 8-foot inclined ent is takon out and Mled, Thiz
prrocess is repented until the toe of the slops 18 within 10 fuel of the
chorle, witer which the length of the vill is not incressed farther, but
the stope is carried up with this 10-foot level space maintained as a
sorting and shoveling floor.  The ore is shoveled into the chute, and
the sorted wasle Is transferred to the adjoining seelion om the other
gide of the ¢hote. In filling a slice, ag Tedle room ag possible 7z left
under the back. Mining is beprm gt the hottom of the rill and ad-
wanees upward.  With this systernr the slabs of ore can he held better,
az each slip j2 cxposud for o shorter distance, although more slips
are exposed In uosingle eub up the incline than would be in a hori-
zonlal cuf,

M Richard. 17, W.. alloing Mechodz and Ce:lg ot the Groand e Talt, Aegnren BMiolor
o, Ynnadiem, W Mex : Inc, Qe 84T, Borean of Mines, LHi, T pp-



145 BTOPING WRETIIODS AKT COSTR

Divect stoping eozts for regular eunt-and-fill stoping and square-
sel stoping corbined during Januwary, February, and March 1880
webe nz Tollows:

Dired wioplvg coet, Gropnd Fog miee, Juedney, Felrey, ond Hemdf #5306

ozt per ton of ara At per o of are
) indtaeed el Noaaloed tad+eehed aped R lacd
Eahot * o B1.187 | Tholer - a0, 15
Harmrrislon o e 0BG | Dther gizplies o . 230
Copnpreszed  air, drills, and
sl L OET Totel Alveet gtogdne coat. 1 TH2
g [ = RN 1

Lahor in stopes during the zama period waz 2,140 man-hours per ©
ton of ore or 374 kmg porowan-shift for the two stoping methods
combined. The sonzumption of explosives in stopes wus 003 pound

pex ton of ore braken.

MATATIAMERLE RIFNE. PINAN BIL BIG, COHA

The ore deposits in the Matshuribre mins ocenr as large, irregular
pipes, useliv lentienlar in eross scebion and eontaining primary
chaleopyrite, associated locally with. quarts and pyrite, in ihres well-
defined fracture zones,"™ The zene in whicl the most wmportant ore
bodies are found leends N, #0° E. and dips 49° {0 45% northwest.
The other two xones, about 1,200 feet apart and at euch end of the
main zone, strike northwest and dip steeply novtheast. Tn Mata-
Bumbre ore bodies the footwall ususth}' iz guartzite and the hanging
wall thin-hedded shale. The footwall stands well and gives no
trouble, whorens the hanginge wall will not stand for any length. of
time if exposed for an appreciable distance awl for a height of
more than 10 feet, - This characteristic of the hanging wall and s
ralher flat dipy are responsible for the nse of the cut-and-fill stopimg
methiod. '

Before 1828 all bul three levels were 100 foct spart; two of these
were 130 fuet apart. It was planned ab thut time to space new lovels

150 feet apart. An ars hody iz first developed by a drift along its

full longth. Chntes are installed ot SU-fool Intervals, and a murwey
18 carrled along every third chute. The slope is then silled ont 14
feet above the floor of the drift, leaving w 7-foot pillar between the
hottom of the stope and the baclk of the level. The sill i widenwl
i) the Full witth of the ore frow end to el of the stope, and the
zill ent is usually wbout 12 feet nigh,  If the stope is very wide eross-
ents are driven from the drift belew, from which additional ore
chitez are pat ap. On the first or sill cut wll siringera of ore are
followed to nuke sure that the ultimabe wallz of the ore hody have
been roached.  As there are horzes of waste in svine pluces and tho
ove iz eut by slips and fructures it s easy to mistake the walls of
slipa for the limits of the ore.

All stopes are mnined by horizontal cuts, with hand-robated dry
stapars or 48-pound jackhammers. Heoles are loaded wilth B0-pereent. -

N aze raice were as follows: Timbotwoo)s S£480 to 8600, Hmlermen aelpera §4.0100,
nehinenen, ih Eapeg 5480, cachinemen oo wet sllia 55.00, makars L0 stopes $11L,30, eod
muarlers on wrt allls 24.00.

lshave, freoree Yo, Mintnp Methods at Mioag de Matahumbre, hMatabambee, Toar
Dl Rio, Ol s 1ok, Clre, G145, Lurewy of Mlscs, 142 18 pp.
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polatin dynamite, 4 b is begun in the cenfer or at the end of
o sbope with o stoper and carrisd through with jackhammers. Mos
of tlhe ore is then slabbed off to the walls by fat holes deilled with
jackliomaners. A round breaks an average of 8 tons along the sdds
to 15 tons in the center of the stope i the back is goord, A broken,
ore iz showeled directly into the chute vniser or fransfereed to the
I‘ELiSTE by wheelbarraws. The ore is hard but brenks comparatively
s ll,

While the stops iz being silled out 1l raisez are run to the levsl
above, These reizes wers on 80-foot centers when surface waste
brought Ivom centrally located glory holes o1 development waste was
used for filling. When zand failings first were wed Lor filling the
fill raises were spaced 00 Lo 150 fook npurt. In the sond-fll sya-
tem mill tailings are pumped to o 30-Took Low] elessilier on the surface
near o raise leading from the mine. The slime overflow goes to
the tailing pond, 2nd the rake product {or sand) drops info o
hopper. %-'&ter iz ardded to the hopper, and the eonrse talings arg
washed into a 214-inch rubber-lined pipe strung through a line of
raizses to the 1200-foot level and thenece through rubber pips to the
stope bo be filled, DBafore the ctope iz filled the cribbed raizes anud
munwayas are wrapped with burlap o prevent the sand from wazh-
Iy between the eribbing into the reiges. A pipe o hose s emyployed
o direet the sand wherever it 1s wanted, and by buoilding sp small
sand dams any desited zection of the stope moy be lled. T ad-
vantages of thiz system of lilling ave as followa; Ne spreading of
il by hand is requmired; enongh filling material always is availsbles
Lillingr con he changed from a stops m one end of the mine to one
al the other end by breaking and making a few pipe connections:
and the sand enters all eracls and Azures forming a aclid dlling
hutween the stope walls,  Details of the system huve been described
elarwhire,®

Pipe lines hsve hamdled 3 tons of sand per howr without difi-
culty, Trom February 1020 to June 1031, inelwsive, 208,400 tons of
sand wore put through the pipe without appreciabls wear ou the
rihber lining, During s §-month priod the average cost per ton
of sand placed In stopes was g follows: Lobor 10,0 cents, burlap 4.8
conts, pipe 7.1 cents, pumyp 0.6 cent, and power 24 cents, ar o tolal of
2f eents, The vost o the pipe eoverad all new pipe lnes mstadlaed,
il 12 ne replacement was neceszary the actual enst per ton ol sand
placed in stopes probably docs not excead 20 cente,

VWhen a stope has boen completely silled ont, the first cut taken,
and the brolen ore rermovnd, 8 Hoor of hardwood =labs iz laid before
the i1l is run in.  After each succecling cul is talken and the ore iz
romnved the back i 12 feet above the Door, and a 6 or -Toot Jill
s reqaired wfore the next oot of ore iz talen. The conlenclor in tho
stope was pald (1P28} 20 conts per ton for spreading rock filling
by hand and & cents per ton for spreading with o sorupor,

With one exception no atopea have required square-sets on the first
ar sill Aeor, Ovdinarily the only timber wsed in the lower T4 or

mﬁ'ﬁ]lichgl:té G. L., FllHog Sfopra will 301 Tuillogs: Tog ond Mo, Jowr, Mun 2,
f[i;:%j{_-r', T, D, Ituhber fpe Linibg dMinimizes Polp Abrasion: Bap and Aiv. Jenrv., Cel
26, 1921, pp. 367305,
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B0 feet of the gtopes iz cribbing for the ove passcs and manwarys.
Howevar, in 8 number of ore bodies the are Tas heone so Fraotared
that the stopes required squarc-sct timbers. The upper 16 or 20
fuel of all stopes ave iimbered with square-sets, which permits carry-
ing them up past the level and removing the drift pillars under the
suiipes above.

In BSes abosrt 80 percent of the ore came from square-seh stopos.
Thiring that year direct slopingr costs wers as follows:

THerenE slopdilg ooel, atalmnbra mige, 7338

Chinl et tim ol . ErpRt jran tame nff

ore foisted e pdalod
Tabor [mehing wud Alling) ____ B0 603 | Bxplosives . g0, 005
Bnpervizion — - L0y | Titther - - .1B2
Corepregged  aiv,  drellls) nnd Clher supalivs e A
1o ) R — L HED e
Powuer eost o L ODE Talal divect glopiog cost_ 4, M7

Lahar performunes in stopes: was az follows:

LeinQoe yesfrerence fi xiopos, Woialusmbre sine, 1928

Man-foura Do ger

CHL L0 2 Jor ol akedbeARifd
Breaking e oo - - - —_ . 83 11. 5%
Tlbering and Alline . RBT 11,
whoweling .. LB AT

el v ma e — 3, 28 HE

Consmmption of explosives in stopes was 0.44 pound of 10-, 30-, and
40-percent gelatin dynamite per te of ore wmined, Consumption of
timber wag 0802 bowrd fool of sewed material and 4,123 plece of proap
timlee per lon of gre mined.

TEZIT %A COPPFER MITWE, PUKELA, MIECICAr

Cut-and-ill stoping 75 emploed in the Minerva ore body at this
mine becouse of the zoft heeginge wall®  Three other ore Bodles w1th
stronger walls are mined by room-and-pillar open-stoping methods.
The ore oceurs in flat-lying lentienlar bodies i metanorplosed
igneonz and sedimentary pre-Cumbrian rocks. Numerouz post-
mineral Fanlts have cansed considerabls dizplacemoent of the oro.
The hunging wall ¢f the Minerva ore hody is a soft phyllite. The
ore iz massive sulphide, the priveipnl minerals being claleopyrite,
splialerite, pyrite, and galens in a %z‘l-ﬂg‘l‘lﬁ of guarkz und, oceasionwlly,
wica gehist. The Minerva ore body 15 800 feet long, 380 fect high,
and 5.6 feet wides the Jip 12 20° (o 65° and averapes sbont 35°. The
ore averaged $6.35 lu gold and 3.10 ounces of silver por Lon, 330
perennt. of copper, 15.52 percent of zine, amd 172 percent of lead
fram July 1980 Lo Jung 1834,

Main haulage levels are spaced at 100-foot intervals. In cnt-and-
H1] stoping Tatses are pub up ub 100-Tool inlarvals along the level, and

W Heedral, Troeat Ph, Mlnioe Meiiods and Coeta wi the Texintlen Copper Mine of e
Muxlemn Corporation, 5 A, pednllan, Pachba, Mexbco: Anf. Dee, HTED, ¥oreau of BOoes,

134, 13 pp
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from theso the stopes are silled ouf abeve the level, leaving v 16-fook
pillar over the back of the drift. Alternale raises are driven to de-
termine Che upper limits of the ore, usually 86 to 164 fest above the -
level 5{11[} meazurement ). The intermedinbe Taizes are carvied up
with Ehe slope bo serve ag ore paszes.  OQue veise is earrisd throngh de
the lavel above for venlilabion, The <111 of the stope is cub oot Irom
wull to wall and is 12 feef high, The broken ore s removed, and
T feel of filling are put in.  Sucecediog eatz wre 7 foot high, The are
is broken by ineclined back loles wsing stopers. YWhere the stopes
are slruight enough the droken ore is seraped into the chutes, the
soraper hoists being midwuy between the raises. The serapers pull
fArst from ane slde awd then frow the ofher, o that while one side
ta being stoped the obher is being dille]. Whebe the ore hody 12 folded
and the stopes consequenilly are crooked wheelbarywws are employed.
Filing is handled by shovel and wheelbarrow, Tn the higher -soe-
tions ol stopes serapers pull the ore down the chutes, az the dip is
too ot for the pre to run by gravity, Waste for filling is obtained
by brenking caving stations above the ore body at the top of the
wasle rules. -

By the cnd of 1981, 80 pervent: of the ontput of the Teziutlan mine
came from the Minerva are body, the thren other bodics huving beon
virtually worked out Alihongh sows open sloping was done the
following cosls reprezent eut-and-fill stoping principally.

DivenE ghopingy eogt, Tasiullon i, July 1050 I Juna 1087

Crat por deyf Coet por dry .

raie incd | ITRT ERET

LaboT e e [ BOOST y i B0IOT

sapervielon o ciai—e e 4L ¢ Other ruppHeS e DT

Clienpeszed  alr, drills, upd —_—

pEael - 262 Total ________________ 1.4%1
ExplosivtS,. oo, 2

Tabor performed in stopes, as measured in man-hours per ton,
wis ad follows:

Lthor pewefortiaares, Tesiniing mtise
Afurz-feora Fane pur

Depnrstioe ) parton taw-En it
Brovling o oo Sy 1.5 . 7.0
Timberiog - U - | 272
3 - 1,056 T.0%
Shovellng - e e e e 1L TRS 4,45

Tl I A+ 1} L. 3

PECOS MINIE TERERRY, N, MEX,

The: Preos mine is in the heart of the main maess of the pre-Cam-
brien roclks of New Mexion®™  An exlensive norlhesst-southwest
shear zone haz altered the igncous rocks {granite and diorite) into
parallel bands of achist, Thiz zone is o fuw feet to soveral hundred
feet wide and condaing ore hodies which are replaccments in the
sehist, Tha ory tnineraly gre aphalerite, galenn, chaleopyrite, and

13 hytyon, I 0., and Howg, 7., Minine Pracllae ol the Vocos BUas o Lo Aogeeciegn dMotal
B of Wew Mrexleo : a2, Clien #9368, Dasean of Mines, 10300 21 ppo
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pyrite carrying appreciable gold and silver, They are sssociated
with tale, hornblende, and mmes and chlorite sehist. The ora bhodics
have heen 1lexeloped over 2000 feet and from the surface to the 1200-
foot level. They consist of frregular, disconnected, often overlapping
Tenges of sulphides whicl often pineh out abruptly along ihe strike
and dip. The dip iz nearly vertical. Generally the ore and walls are
very loose, and close Litnbering iz required. Yo many places the
ground runz freely, and scrious caves are wpb to tollow, I initial
movemnent can be prevented, howaver, support iz not difieylt, as the
pround - neither Is hesvy nor swells when dry.  Water, however,
males It very difficult to support, and the stoping areas imuat be well-
drained. :

O levels gpaced 100 feot apart verticaliy timbered drifis are driven
along or i the footwall to develop the ore shoots, From the main
hanlage drilis eribbed chute and manvay raises are driven at 25- to
60-foud; Intervals up to the stope siTl, which is about 20 feet shove the
level. The raises wre cribbed with rovnd timber,  Short pony sels
ary crected over the Jeifh swtes at the raises, Tl raises from the
stope sills to the level above generally are stulled and about 4 by ©
foel in section.

Cht-onucl-11 und square-set-and-Till stoping were wsed whont equally
in 1930. The choiee between them s governcd bF the character of -
the orc und walls where stoping is begun, Streng ovre and walls
fawor the ent-and-fill method. Ofien, howevar, it is neceszary to
change from, one methed to the oiher after the stoping hns advanced
geveral llooes, The conditions responsible for the seleokion of thesu
moethoeds al the Pecos mine are as follows: (1) The ore shoots are
irrepuder pnd discontinnonus, and sometimes two to fonr parallel velns
ave separated by onty 10 Lo 20 fect of harrven lovse sehist or bloclcy
ddorite (occasionally the paralle] veins can be mined simulaneously,
lenving the wasic in place, althonph sually the waste must be hroken
and gobbed back in the stope alter Lhe ore hag been mined) ; (23 sines
thy veins eontain low-grade or Larren schist bands snd diorite intru-
slong 1b must be possible to sort waste m the sbopes (at lewst 20
pereent of the stoping gronnd is sorted and 1':-.jeut-c.r% a5 waste in the
stopes) ¢ {3} ik mast be possible quickly ta check runs from the walls;
{4) it must be poasible to prospect the walls for parulicl ore shoots
at elose intervals; (8) povee 1 to severul fect thick on Lthe walls must
ha supported to prevent rims; (6) the surface nmst be kepl intact, as
the veinz dip towurd the Pecos River which parailels them 400 feel
away on dhe surfuce; and (7 #ll complex ore mast be milled, and
ooly one cluzs of ore has to bo handled.

The inelinad ent-and-fill system has heen tmed and shandoned he-
canze of (1) the tendency of ore und walls to cave and mm, with
congequent Hooding of the stope and danger to the worlanen below;
{2} the dillicully of erecting stulls and cvibe on an ibelined floor,
and (1:-1} the lack of wtoruge space for waste.  The horizondal cot-
and-fill system therefore has been eniploved.

Two-compartment rpises are driven 12 faet abinve the back of the
drH:tLl.-md the stope iz zilled oul the fll width of the ore st thiz
elevalion. The ore is steped in sections, the lengths of which depend
upon, the width of the vein and ground conditiows, Recent practice
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in wide-voin arews iz to cut the first stopes 30 feet lemg and 100 to
180 fect apart, with extroction chutes in boih ends of ench section.
Afier these siopes have nearly reached the lerel nhove, lew seobions
about 15 feet long are begun oun the ends of the first stopes, using
the former extraction chutes for fill roises.  Pillarz are lefi only
where two stope blocks come logether. The stopes 2re mined by
gnooessive, horimontal, 7-foot euts.  Stope emds are timbered off
to scparate them from the solid by vertical gob posts § fect apart
at] daced with lageging.  In narrow ore the slopes ave silled several
hundred feef long with ore chutes #) leet apurt.  Fill raises are
detwen in ore B0 o 60 Teck upurt.  Slopers are used whern posaible,
buk in many pluces bhe groond Is se Joose that it 18 botber to Jdrild
Rat holes wilh jackhammers. " A shoveling foor of 249nch plank
1% lpid om the A1 before hlasiiog, Al showeling iz Ly hand hecanse
of the neceasity for sorting, Wasto fillingr £ obfained from develop-
ment headings, from prespect workings Iriven inte the stope walls,
from sorting, and from a sorfoce gloryhele.

Direct stoping costz for 1928 wire as follows in ent-and-fill stopes
only:

Direct steping coste. cut-end-0i slopity, Peoos wine, THH

et flar bpa

Liabwr-: wndapeT &
Brenking - . N PR | f A .4
aheeeliopy ______________ e Ldd
Tirmerine e ——————. . o — . = - - [
Mg e~ - ——— L0

Totul stoping [abor o _____ - i

Hupplics:

Mrealing e - BRI

B 11 ) o - —— L 20

Explostvos _____________ - P
Potal supphes. . = 4D
Totnl §irent staphes eost o e L___ T .‘2 EE

The wage scale in 1928 was as follows: Thmhermen, $5; miners,
#4507 and shovelers, 8360,

TSRTIEN LCARTEEN AINE, OATMAN, ALLE,

Mining methods aml eesta from Jannery 1907, when production
‘began, to May 1925, when the known ore bodies were exhansted, have
heen discussed in detail by Moore®  This was a high-grade acld
mina from which the averags recovery was $18.20 per fon. Seven ar
eight very productive ove shoots were mined along the Tom Reed-
United Kasiern wein, which occupies a fault fissure m andeaitie Tova
HNows, Maximumn dimensions of the Tom Reed extension ore shoot
wera helght 750 feet, length %50 feel, and thickness 48 feet, and 511.-
978 tons of o¥e were pined from thizs hody, The maximan dimen-

M Coata incinde datrimiled meeninta, poeh ag combooseord, blackamith, ateel abaspening
glecl and Lowl:, tlmber framing, e, tolaling aborl 25 eenls pec TOw.

M awerage tedol lecet stoplapE cost, TA2T-2D wag $231 por ton, ) _

@ Wlaske, Bny W, MiNThg Melhods and Reeoeds ut the Teited fugtern Bling @ T, Ao,
[oar. Miw, and AMet. Eng., vol 76, 1628, pn, g9, :

1E0043—3—11
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gion of the Rig Jim are body, from which 22041552 tons were mined,
wore height 430 feet, length 850 feet, and thickness 35 feef.
Levels were driven at intervals of 130, 150, and 200 feot between

the first level at B85 foet and the lowest level af 1,203 feet. Tach

level was developed by drifts driven to ihe Limits of the ore shoot
and beyond, wnd crosseuts were driven at 50-Tood intervals and con-
tinued well Into the walls af greater Intervuls to prospect for possible
parallel veins, i

Tl hortsontal cut-aml-Gl] gystem was wsed almest exclusively for
minifyg bith large ore bodies,  Shrinkage stoping: was employed Lor
minity? siall tonnages in harrow parts of the vein at the lower Hmits
of hoth pre bodies but was not aduptoble to the larper stopes on as-
conimb of the tendoency of the voin o slab oll dwing to horizontal
slips and wall pressare and on account of shested, soft hanging wall
sloughing ofl if not supported. Use of the move costly method of
atoping waz justificd by the resulting higher %-ruc'[ﬁ o ore milled and
the minlmun toonage treated, The method alse allorded oppor-
tunity to prospect for possible nearby parallel veins by driving wall
raises. the wasto from which was uswd for gtope Ly, Tnfambered

rill stoping was triad bt was 1ol adapiable on aceount ol the.

tendsney of Lhe vein Lo slah off

In preperotion for stoping (he vein was oot ous its full width
on the :-;iﬁ) floor, begluning af the main crosgout from the shaft and
high enough to allow & foet alove the sills. At first the sill was
timboered 2 squaresets high, bk later only 1 wet high,  Cribbed
manwave aml chltes were spaced o 2215-foot eentors where the
vein was 15 feel or less In widih. Whoere the veln was wider double
rows of manway clmtes were mafulled, with he spme longitudinal

spacitg.  The sill sets were covered with g double thickness of 2-

by 12-inch ent lagmeing to suppork the fill. After the silling wus
completed, the ginpe hacks were drilled to o depth ol 7 Ieet. The
sote were then floored over, chulbes wore radswd 3 feet, and Hlling
was placed to #lat height,  The O11 wag leveled and Hoored with
2 by 12-inch hy &-foot out lageing bofors Lhe ore was blasted.
The ore, after blasting, was shoveled inko the chutes, the floor was
swept and then twlen up, and 6 feet of fill was run in.  The stopes
then were earried op in zuceezsive 8-foot euls, using stoperz for
drilting the bacls. Waste for filling was obfalned from develop-
ment headings and from stope-wall ralses driven between the ehutes.
These raises often extended 60 feet Trom the vein in the widest stopes.
They weakened thoe walla considerably and thus cansed trouwble
wheh the stapes ppproachad the level above. At this-giuea the baeks
nsnally had to be supporied by timber eribs. Wasle was spread
by snall air heists and serapers In clear stopes and by wheelburrows
in eramped guarters,  In the Big Jim ore shoob the walls wuere more
solid than in the Tom Reed Extemsion, and often it wus possible
to take twoe 6-foob cnis of ore before filing. Waste for filling in
the Big Tim slopes was obtained choaply from taises to millholes
on the surface. The raises were put up from ¢ waste disbribuotion
level on which the waste waez trammed to the stope waste raises
The use of scrupers for spreading filling resulted in material saving
in filling eost,
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D¥irect stoping costa, 18T to 1924, nclusive, were as follows:

Direct wtopdny coat, Fodfaed Mesfern mine, 10714, drolusive

Frufl pur fou Jaad per fune
oy aig W ufpurc L3

Latwe, rofning———————.. s i ] Oeher supples et 20, ITh

Tabor, Allng o i——eal4 POwer e SRSV . 1 |

. —— Rlfseelloneo@s e~ DB

Total labor e 2L T0N —_—

Timabeer e ———— 415 Tutul stoping cost__ .- .- 2,925
ExpHewives . . 14

The figures given did not peparute bramming cosis from tobul
atoping cost, bl assuming o Leamming eosl. of 35 cents per tom, which

would he remsomable, the direct stoping cost, bgured on the same

basis a3 that wsed in sebbing up costs at other mines discussed in this
tmlletin, would he $2.47 per ton.

iR OTAII MINE, IMARK (Cory, TUAD

The f-:rfnurc-.ﬁ&t wwethod of stoping is used for mining mosk of the
ore al the Park Ttah mine, Cut-and-lll stopiog has been wsed,
howerer, where the hanging wall and ove were steong,  The systom
employed at this mine has been deseribed by TTowitt

The stopes are served b waste ruises spaced about 200 fost apart
and hy a square-set raise halfewuy betwesn for manway and orse
ehite. Pl level is widened to the full width of the ore wnd 1z either
timbered with stulls, a2 showo m flzure 37, or with square-sets. In
ithe first method w line of 10- by 10-Inch stullz s :[J(faﬂﬂd on floor
stringers g0 as to leave » drift-size opening along the hanging wall:
the opening iz loggmed off with 3~inc{1 plank, and waste is run onto
the sill, This method is used in only 2 few places; the usual plan
13 to uge square-sets for will timbering, Etnnd}u.rd snaresset timbers
are erceted and lagged over the top with A-inch planlk. After the
Al gut is worled ool 611 entering from the radzes al the ends of
the stope Tz spread alongr the stope by drag serapers. When a stopo
15 mined by sdvancing npoen broken ore as high as ihe walls will
permit witkont gloughing, the ends are [ageed, and the ore is dragged
to the chuts by serapers.  Aflter the G0l 15 levelad o floor ia laid be.
fore the mext cub is hlasted. If the 6illing consizis of flaw naterial
the [loar is lald direetly on it, but if the filling 1= coarse wasle, cross-
gtringers are luid and the door ia pleced on top of them. Three.
inch plunls cul o §-foot lungths ure used for doorine, Toeh section
of floging overlaps the previons one Dy about 8 inclies to prevent
tha loaded seraper from tearing up the planks.  With very flaf stopes
or sticlky wasie the fill is waghed into pfﬂ,c& with water.

The eycle of operations iz as tollows: Assume that the stope has
advanced some distance above the 11 floor and the ore has been
remioved, Filling i ran in at ihe cxtreme higher end through o
waste Talze amnd dragyeed mmte pluce by s seruper.  Thiz work re-
fuives abont o wealk, "i“‘i"heu the fill 35 within 5 feet of the back 1t s

“T ozt malydes TN ng GHORE By,
M Mgadtt, B A, Miateg Melheds and Onses at the Tk Ttab Mive, eack City, THak -
Tot, e, G290, Burenn of Minea, THIE, 18 pr :
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[eveled off carefully and the floor Is Iald; this work requives about
two shifis. From (he ore clinke ab the opposite end of the stopo
from the waste rolse o [lat B-fool cut is drilled awd blasted the
length of the stope. AL the suue time seraping iz in progress fo
reniove excess ore.  Hnough ore is left in the stope {o allow the ma-
chines, which are mounted on colemns sl on 1he ﬁmkun are, Lo reach
the back. When the eut reaches the waste raise o retarn 8-4vol cub
iz made. The seraper iz operating coutinwously, and when the
sesond cut has been completed the ora is clenned out of the stope, the
fioor 1z removed, and the stope iz ready for [lling weain,  About 2

ol AT
BECTITH A=Al SEAI FeR
Frovee 21 —Cul-nwl-rill stoping o scofl Aimbers, 'k Tlab milor, Tal,

weeks 13 required. It has been found that the serapers work lest
on a Hoor sloping slightly towsrd the heist, as shown in figure 37
One cut-and-fill “stope produced 100 tons per day for § wocks,
using 5 men per shift. The nse of serapers has reduced stoping
costa 30 povesnt,

CHARMPTON MMIXE, PATYESDATR, MICIH,

The loda mined at the Champion mine is the heavily breeciated Lop
of what iz mown in the distriet as the ® Baltic lava flow.®" The
hreceiated portion of the Iode is 6 to 5O feet wide, Native copper
oeearrs in the roelk fragments of the breccia, in the cementing mate-
rial of the brecein, in the smygdoles, and in the trappy tock under
the amygdular part of the lade. The Baltic fode an Champion prop-
erty iz 8000 feel long, i very straight aslong the strile, and dips
wmlormly -70° o the west for 8,000 feet in depih, ot which point
the dip {latiens slightly., The widih of the copper-bearing part of

% Alendelrphn, Alhert, aud JTacksnn, Chea. T 'he Sobbevel Toelined Cut-awl-lL Slopiog
Byetern ; Trums, Awm. Inst Min und Met. Bny., ol 102, 1982, pp. A5-HEA.
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the lode ranges from 10 to 2z much ns 80 feet; the average width
now mined iz 17 feet. The ore 1s lvw-prade.

The lodae rock 12 hard, and the hanging wall is blocloy and full of
minnte snams ronning in all directions, with larger seains paralleling
the strilee und dip.  When exposed over an wrea of only 2 few square
vards and unsupported by thsbor or filling the wall begins to dis-
integrate and Full into the stopoe

Copper iz not distributed uniformly in the Iode bat largely follows
pitebing shoots, The copper mny oceur on the hanging side, in the
middle, or on the fooh side of the lade, or it mey ba distribuled weross
the Iwle from hanging wull to fostwall. The conditions thut affect

_mininyr practice and cosis are essentially ws follows:

1, The lode peralata along the strike hul varles greatly in width,
wills #ones of harren or very lean rock separating. workable ore
shapots in which copper ix distriboted ireegeularly.

2, Hard lode maleriy]l lisg beneatdh n seamy, often hadly broken,
hanging wall whicl Is move trescherous and harder to lwid 22 mining
cperations deepern.

4. A low-grade ore 12 prezent i whieh coprer ovewrs in the nutive
form and s Qistinguished rewdily from barren rouk, so thut sorting
of waste from ove 0 stopes s Feasible; ahout 40 pereent of the rock
broken is sorked put as wasie,

4, Drosend. slopes are in arcus lying below old workings which
Lizwe bueen filled with sand ep woste rock and from which s plentitul
suply of waste for Hlling Jurposes iz readily available,

The level interval is 104 foet.  Formerly stopes wers opened above
the sdvencing levels. The levels were silled the fnll width of the
ore, the backs were tulen down fo a height of 16 feef, pack walla

- were builh to form the sides of the huvlageway Tta by T4 feet in

rross section, and weste was runl in hehind the walls, Openings were
iaft at 25- to 80-Foot intezvals for clies, abowve which cirenlar mialls
built of rouk were carried wp with the stepe for ore passes. QOedi-
nary {lat-back cut-snd-fll stoplong was preeticed.  Dnlails of this
gysfem hove been deseribed by Seliachl.™  Direct stoping eosis with
L?Es system hiave been given by Crane for 19277

Direet stopfny enst, ORaifion satie, 10287 .
Ll geea- foat off
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Gupplles_____ o . C R : VU™ 1|
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Migrelbtieenn_ e —— - . e ————— g
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The stoping systen wus changed late fa 1929, Az the mine was deep-
ened the uverage grade of the ore decreased, wnd, owing (o the depth
und the large proportion of lode removed Ly stoping, the remaining
rrotmd gave evidence of huing unable to withstand the weight of the
mn,_nrﬂ:g conntry rock, The reasons for chanping the system were
as follows: -

e guiecedt, W FL, Minine Adelbieds of (e Copper Itnwea Co: Peroy. Am, Inet. 3le, and
Mel. Eng., wal, 7%, 1020, Q&. BTN A .

U tmioe W b, BUindag Methoda oand Cehetice o the Michigen Coppee Miocs o Boll, 800,
[reta ol” Minea, 1026, 192 1,
- w2 ropdey cramwbng, Lienlering, traci, rompresser, aond 0L cxpenes FemsE.
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1. The cost of maintaining the horizonfnl stopes was cxcessive
whet, to prevent fulls of ground on account of erushing, every stope
ol every horizontal glice had to he supporfed from end to end with
props and ceibs,

2, Building the ore pazsvs of rock was slow and costly: timber
could not be used becsase i wonld rot befors the focr pillar eould
be mined.

3. On accounk of the long Tife of a level and mavemeng of the
- ground the level walls hecame distorted, the track lnlged upward,
and the level Lunbers broke or rotted out.  Level-mwintehance ex-
pense became excessive, and & relreat system of sloping had to be
substititad. . )

4 Filling and builling up ove pusses mwerrupted the production
of ore in the stopos: only 3 of the 5 stopes on a level could produce at
oms Birng becanze of Mhoese interrnptions.

5. Althemgh horizonin] stoping lent ilself admirably to hand sort-
ing, tha copper i mmerons patches of gronnd was distributed so
umformly thet hand sorting wag impossible. In such instances the
horizontal arcangement did ot permit large tounages to be handled

nicldy.
1 6. The retreat system provided only one shorg stope ab wacli end
of a lovel which lunited greatly the poodustive capucity of a Jevel.

The new mmethod hus been termed (he © sublevel, melined, ent-and-
GI1 systermn.™  Hanlage drifis are driven {rom the shaft crosseai (o
the ore boundaries. Abont 200 feet back from. the beundary, o two-
compartment chute and manway raise s driven to the level above.
{Bee lig, *}8{ Stations are cut 1 the raise 83 wnd 67 feet above the
oor of the level, and from them subdriits ave driven in the lode In
hoth directions. Thege mubdrifis nre Jdriven the full widih ol the
ore.  Herapers operated by 1i-hp. doubde-drum, cleciri: hoists are
used for dragging the brofen rock inte tho chwte. When the upper
aubdritt reaches the boundary w raize s driven tu the level above,
alfer which stoping iz begun. .

From lhe boundary vaise-on the upper sublevel the back of omo
iz atoperd by & geries of inclned-slices  (Bee fig, 38.) The mincrs
advanee the breast up the slope at an angle of 38° until only o small

illur 2 to 4 fect thiek is leflt to support. the fill in the worked-out:
avel nbove, This pillar is drilted am{l left standing wntil all copper
rocle his been picled out of the stope. The pillar is then blasted,
and the f1l runz in from whove, completely Alling the stope,  Meost
of the eopper rock in the smalil pillar rins to the Eotmm of the pile,
where it can be picked ont. The miner now beginey again af the
botltom of the rill and ents out snother imelined slice, Loose grouncl
iz supported on praps or eribs. Holes are drilled with maonniesd,
drifters, the burden on the holes being 3 to 4 feet. When o barren
or lean seelion of the fode is eneountered I i3 left in az a pillar,
ghed the miners wove hack to the next appearance of ore and begin
n new sublevel sfope. When a stope kas been earried back about 45
feet a sitilar stope is bepnn on the next snblevel below,

The copper rock s either pleled owt, loaded into w subleval car,
and teammed fo the chute, or it is picked ont, thrown into the
trough fermed by the seraper, und dragged to the chute by the

e Mondelsebn, Albect. and Tuokaou, Chea. T, Work clfed.
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seraper. At fivsh it was thought that it wonld be impracticable to
use gerapérs to lransfer the ore from the stopes to the chates becauzs
of the nevessify for sorting. It was demousivated later that not
ouly was seraping much more ellicient where. sorting was not re-
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guired, but also it oftun could he employed with appreciable savings
compired o car lopding, cven where sorting was neceasary, The
-use of scrapers in deifts and subdrifts bas reduesd the eost of
drifting nearly $2 per foot and increased the speed of drifting.
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With the stope cor the most 1hot twve men could shovel withoul
picking was B0 lons per S-hour shift. With the seraper two men
enn handle 40 lons per hour when wo }_m']ung 12 doae.

The ndvantoges of this spsiem of mining as applivd wb the Chem-
pien mine are as follows:

1. High rate of extraction from a block of limited size (of par-
ticylar advantoge when mining on the retreai] iz pessible.

2. In weak ground il time element has an- important bearing
upon failore of ore and wall rocks before setraction of ore is com-
plebe amd the affected area can be abandoned. Buplbd extraction
of the ove reduces Lhe extent of failure, the cost of arlilieial seppoct,
arul, the hazards of wining

8. Biendlurly thu ﬂlluhfm of are Ty wwste from the walls I8 To-
duced, and the ore Is exbracied move conpietely,

4, The zystem permits slose supervision by a minimum nunber of
hozzes due to a high degren of concentration of operations, which
])mmotm safety apd L"JIIEIE].'LC'V

Fillingr 3% run into plage by gravity, aud litlle or no handwork
E wx]ml'i'd to sproad and fevel “the fill, an advunlage aleo posscased
by eonventional rill-stoping methods. In the latter, however, the
stopes nsnally are lomg; there iz inadeqnate space for storing [:J..i.nk
ingr anad timbuer, Jrills, gear, wnd drill steels and little agipor 7 anity is
aftorded for sirri Ings aeul keaping blocls of wasie aub of the ore.

6. The sublevel sysbom affords ideal conditions for the use of
Power serupers, as the seraper works over a solid boftom and oo
Hoor iz regnired on the bottom of the sublevel.

T. Ore brolen in taking down backs often iz the cheapest ore in
the mine, and power ﬂr:rﬂ]:rmgr affords a cheap method of handling
this broken ore. The systen [z essentially one of taking down haeles,

8. The method commends itself from the btﬂndpmnt of aafety, as
t-hﬁ stopes are short, permitting quick retreat of the workimen, the
broken ore runs down to lhe foe of the rill, and the shovelers or
soraper attendants stoy ab one place elose o i hmlt which ¢aT 13
inspected and kept seenre af thal peint.

9. By working an the reireal Tevel t'[hiII]f{"TI!iﬂt o vosts mre roduood
to 4 mroimum 'L'lermuec b the thme Lhe lovel becones hoayy mder Lhe

stope area the ore nanally will have heen extracied wnd thal peorblon
of the level oan he atundoned,

Direct stoping cost per ton of ore 1101“;[,L,i]. Angust 1 to December
31, 1980, wag as folluws:

THrpef sicping eadt, Clompton siine, Awg T le Depl 31, 2030
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During the same period labor performaues in stoping was as
follows:
Lithar perfornmunes i plopes

i
ATan-hours Thims por tnan-sbitc
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When iliese Gguves were taken the new system had nel been in use
lung enough for full benefits to be derived therefrom, -

HTARICE IIME, XACDUIART, MEXRIOD

The Dilares ore bodies oceur in o vertieal mass of voleanies and
maongvnite porphyry having an elliptieal horizontal section of 2,000
by 1,000 Feet that has stumped downward. This mass is hiphiy
brecelaled and badly faunlted and fractured. The more continnons
ore bodies oceur around the margin of the slumped mass, but dis-
vonneeted ones cecur in the eenteal portion. Mindng eonditions and
stoping methods have been deseribed by Leland.

]lje.veLe Liave been driven wpproximately (00 feet apart from the
enrface down o the 1.800-Toot level Telow that, levels spe 133
fpct apart,

In general the ore bodies are irregulor in gize and shipe, the ore
iz hard wnd contaivg varying amounks of waste, wnd the walls ave
weak., The harizoatal cot-and-fill nwihod of gtoping s most suil-
able, us irvcgular pre bhodicg can be mined olean, wdmixed waste con

" be gorled outy, and by judicions wse vl bulkhends and umbrella stills

wonl walls and backs cao be controtled. Tnclined cut-and-fll e 1ill
stopivg 15 employed where the stope wallz are golid and the ore
body 1= fairly regular in 511.'1-]_113 and has cnough vwtical extent.
Some wasie san be sorted by this method, ot it2 best application =
whare the grade of ore will permit the eomplete section to be mined
without the sorting of any waste, Square.sebéing is vsed for mining
pilars, erushed and broken arews, and beavily fanlted scetions and
is supplementud by top slicing where the Jailer will not disturb orve
wreaz ahove or ext off roadways to other operating areas.

The percentages of the ore produced by the variouns wethods wers
ag follows in 1929:

. Darnant
lgrisontal eotenud-O00 . ______ .  _____ S ORI 1 A )
tnelined fud-and-o__. . S (1
Semgee-etdng e e+ e AT T
op eMclng o i S
Bhrinknge stopibe - e [P I |

Whare the ore extends considerably sbove the level it Is customory -

to sill the stopes 20 feel. above, Where the ore is of small vertival

W Eolund, Nvertrd. Minjge Mothods anrd Costs at the 1iUares Mine, Pllavea Do _‘Tﬂ_l_.:u-
e, Sarboc, Aexleo: Iaf Ulee, GHGT, Burean ol Alines, 19040, 5¢ pp.
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extent the stopes aye #illed on the level ; and, cxeept in very wide ore,
they wre mined from wall Lo wall in longitut’lmul stopes.

In zliling on the level an S-foot cuf 1= taken to the limifs of the
ore or stope seobinn, and the buelk then is talten down to 14 feet ahove
the floor, While thiz work is progressing {il] raizes ave put up at
30 to B0-foob intervolzs aleng the long dimensiom of the stope, The
level s timbered with gangway sots € feet apurt, and filling is run
in around the timbers. The timbers are not framed.  They consist
of 10- by 10-inch hy %-foot posts, 10- by 10-inch by $-foot caps, and
&- by 10-inch by $.83-foot ties. Cuaps are placed lengthwizse of the
timber line, and the gangway iz covered wilh 6- by G-lnch cribbing
on pole lagping. At 30-fool Intervals chutes and monways are
roiged, and I2-inch erizzlies of G0-pound rafls are placed over the
chutes,

After the chutes have been Installed and filling around the timbers
Las been compluted, stoplng k= restmed, beginning af the wealker
el of the stope. An B-fool cut s taken, using a mounted machine
for drilling. A= the ent advaneces, shovelers work at the tos of
the ore pile behind the machine, shoveling the ¢re inte the chiutes
am] piliyy serted waste to one side. Waste [iHling follows the cut
closely, z0 that productton fram the geclion I3 virtually eontinuous.
Wherever possible, *joler™ chules are installed at the bottows
of the (D ratges, Trom which the wuste 1s drawn into cement. bnggrics
wal for sprending the filling, Blushing has worked ol sucesss-
fully for spreading the fill in zeveral latge stopes.

Where stopes ars siiled above the level o raize fArst Iz driven
in ore to the level above. An 5-foot slll eut is stavted from the
raise and 20 feet above the [evel ; while this cut 13 being taken chutes
and manways wre driven from the lovel below at 25-foot Intervals
to connect with the €l of the stope. At the same fime wasie 1]
raises ara Jriven to the level above al AQ- to §0-foot intervalz, When
silling has been complide] the haele of the stope 13 taken down 12
Teet high, und the choleg ansd manways are raided 8 fest above the
gill Tloor with erib sets. Bach svecssdinge cut 13 8 feet high. A
#-ineh plank Hooring iz laid on the flMng In the higher-grade stopes
to provent Ioss of fines In the 811,

Preparatory worle for vill stoping is similar Lo ihat for herizontal
stoping. The sill iz ent fat 90 feet ahove the level snd ecarried
to the limits of the ore ov stope seetion.  Where the ore body ezeceeds
B0 feeh in width stope seettons M foet wide are laid out across the
ore hody fram foot to banging wall. Where the ove is less than
80 feet wide stopes are laid out lengthwise of the ore body, Indi-
vidnal sections are noh over 30 feet wide or T feet long, At one
end of the stope an oee chule s mstalted 10 feet from the seotion
boundary oz, i the seedlon is Indd out acress the ore body, 10 fect
from. the waste wall on the core side of the ore. Placing the chuts
10 feut from the end of the stope provides a space ss widoe as the
stope behind the chwte where sorted waste may be thrown, An
wuxilinry chute and manway wanally are installed newr the center
of the stope to facilitate handling beoken ore doring the rill-forming
pertod. At the opposite end of the stope from the ore chute a
waste roise iz driven to the level above, Tpon completion of the
raize fili is run in, an inelined cub s talen parallel to the slope
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of the flling, and the stopo = Il]lec]. again, Inelined enis aee fol-
lowed by 111_1111# until $he toe of the A1l reaches the end ore chute,
Suceesding cuts 8 feet high are advanced upward from the toe
toward the 81l raise. A foor of S-inch plank iz laid en the {11l after
each filling operation and hefore the next inelined cut iz taken.

Direct stoping costa for all stupe& in 1020, when 77 percent of
the ore was mined by cut-and-fill sboping, were as followa:

Divert sfoping coste, Pillures aring, 3020

gt qipr Oyt ane

iom wdand fut2 mincd
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Compressed  air, drlllz,  and _—

Toels 173 Tl 1470
Hxnloaived oo L L3

SIRINGER-SET CTT-ARND-FILL ATOFING IK CGRE LODIES OF MODERATE WIDTIE

The stringerset cut-and-All svstem s coploved =t some mincs e
the Coeur D'Alene district of Ldabo, The junicr author ™ prefocs
to ¢lazs thig erstem az o moedified square-set methed. Beeause the
timbering cmployed is not composed of framed square-sets and the
evele of operations—thut 15, hresking, removing broken ore, and
I‘J]]IT]ghlu ihé samne az the eyele in eomventional ent-und-fill stoping,
the senior amthor prefers to consider the system o modification of
cut-and-fll stoping.

MOARXTNG ATz, IDATIO

The method employed at the Morning mine haz been deseribed
by Wethered and Cowdy.™ The Morning vein j2 o metasomatic
flasure in a mone of close sheatlng cutmng the gquartzits country
roclt at a small angle to the slaty cleavage. The stoping width of
the veln rangms from B Lo 30 Teek wnd aver ages whonlh 135 Teek: i dipe
e o B The fissuring exlends inlo the walls to considerable
depths in some places, whereas in others it dies oub guackly aftcr
leaving the main fracinre. Mineralization occors where the fis-
suring was most intenese and has cumuletel}r replaced the guartrite
with ore.

The ore I= net heavy and the timbers are not required io boar
much vertien] pressure. The tendency of the wull rock to swell
and to sleb off o Twrgen, plsd;l;' Peces 8% gHAL A5 &ir Teaches i causes
the greatesi. colicern in mining.  Because of side pressure Srom the
wallz close timbering iz neceszavy ah all Hmes, The principul ore
minerals are galens and sphelerite. The gangue minerals are
siderite, barite, and quartz. ' :

The vein is r]&*relmped by driftz in ore on levels 200 foet apart
vertleaily. The drifts are timberad with regular drifi sets on
f-foul 2-inch centers.  Threg-compartinenl raizes in ore, with a tim-
her slide, manway, and chute, are esrvied up ab 185-Toot intorvals

" IT.0 poeeent eut-and-fin, T poreent square-sedilneg 8.7 peroett top allelog, and 1.0
poeannt, Bhrinkegn ;.mpm%
W Gurdoer, H, D, god Vandeoborg, Willinm O, Square-Bei Sratem of Miolng Ink Ciec,
BEA1, B'L'IIHI,I,I wE Mfinra, BERLL TH p
1 iWethered, ©, 1. ini Condr, HZ.L,:- . Minins afethode 4t the Morning Mine of the
Z;I‘g]erﬂ M1n[ng I £§.nm]T1ng Uar., dulkan, Tiahn: Iaf, (e, HARH, Hurean of Mloed, 1850,
juil
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along bhe drifl.  For-
merly chutes were 23
foot apari, buk the ex-
pense of maintwining so
many  chutes  was  too
groat. The stope filling
iz earried om the Bygped
drelt seta,

Drifting machine: are
wsed i stoping. The
miner ds aided in setting
up hiz machine by o
mucker and then drills
and  hlasts hix  round,
which comsiste of ten to
twenty d-foot holus, Tn
Blasting, five or six sticks
of 2b-pereont pelatin dy-
namite are uzed per hole.
The ore breaks well, and
the few large boulders
procduce] -are easily
broken with a Hammer.

TFigure 3% iz o partial
plan umd wertical ecross
soefion of a sbope, showe
ng the timbering
melhod, Az the stope
wdvapens upward  thres
floors are open of & time,
one ahove the other—:the
top  or  minin floor
where the hack s being
drilled amed  Dblosted, o
shoveling floor hencath
the mining floor where
wacte iz gorted from the
ore and the ore iz shov-
cled  througl  porteble
gieel slides it carg, and
a tramming floor one set
Tielowr the shoveling floo.
A stope set comsists of
two round posts § foet
Iomg and one round cap
8t 16 feet Tong extend-
ing from wall to wall

" Gmts of round Ingping

are placed between the
poxts of adjacent =ols
The over-all heighf of a
stope or Hoor is & feet,
ond setd are § feet apart.
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The ore is blasted onto the shoveling floor, and the loaded cars on
the tramming floor are tremened, to the chotes and dumped.  As soon
az a face on the mining fAoor has advenced 123 fect, o to the next
chute, rails, car, and steel slides are moved up one floor. The rails
are rclaid on the provions shoveling flpor, the previous mining floor
hecomes the new shoveling fluor, and a new mining floor is begun
above, Timbermen working in pwira prepare for o set of timbers
and block the sets in place. “Wastn for %ifliug iz run in to Gl the old
tramming fleor. The waste iz obfained from hand sorting in the
storpes and fron waste raizes or crosseuts deiven lnto the stope walls,
Berapers are Wsed for drggeginge wazte Teom flos waste crosseubs (o e
stope.

Dircet stoping costs during LI28 were as follows:.

Direct sloping coxf, Marning niine, 1988

lagt Geir otk fraai per Lo

[ T af ste heleted

Tl - R AGD | TMmber o - i, B2
Bupervasien o L1442 | Obher sapadies ________ ,(5E
Compressed alrr and  power, - —_—
Avitle, anfl steel 1% Totol e 2051

HEploslVEs v e cmemvi e - 114
- The wage scale was as foilows; Miners, $5; timbermen, $5.50; tim-
bermen helpers, $L.75; wnd muckers, $4.50,
Consumplion of explosives In stopes averaged B3 pound of 25-,
85-, and db-percent gelatin dynnmite. Consumplion of timber, in-
cluding that used in %uve]t‘.rpment\, was 12788 board feet per ton.

HICLA AX1 STAR MINES, UWIMIOES, IRAIID

In an information circular, Foreman ™ has deseribed the mining
mothad el the TTecla and Star mines. The main Heela ore body
{fmazimum width, 40 feet) occeurs aloyr a vivtually vertical shear
rime it the Durlee gquarizile,.  The Intermediale ore body occurs
alumer a slinilar shear 2one pacrallel to the Hecln orme body, T dips
slightly northewst and joina the Flecls vein near the L300-Toot lovel,
Both velns [ollow & distinet gouge along whicl some strile faeulting
has oeeurred.  Moveover, they generally ave associated with u lamypro-
pliyre dike which averages about 2 faet in width bub is 12 feet widy in
laces, The ore oceurs onone or both sides of the dike. The principal
ore minerzl iz galenas @ small amount of zine iz associated with the
gulena in the Hecla mine and a larger amount in the Star mine,

Thers is no definite line of demarcation between the lode und eoun-
try rocl, and stringers of ore offen ave found in the wall, Hori-
zonlad, irvegular guartz siringers also are found running oo the
walls, and parts of the wall (end 1o bresk (o then and to the gonge,
gansing extremely heavy side and top pressures. It often is neces
saly to mine A Deee having s hovae of wuste belween lwo etringers of
ore. The horse may be 6 or 7 Teel wide, bul the whole face usnally
iz stoped and the waste sorted from the ore. This practice some-
times 1a varied by inining cne stringer for 2 or 3 floors, [{iling
tightly, and then stoping Lhe other strimgrer,

W Waerang 11, Cliaeles 11, Blining dMethods aod Costs ok dla: TTogln ond SBtor #ioes, Barke,
Idahp: Inf, eire, G232, Burenu of Mioes, 1530, 21 pes h
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The weins in the Heela mine are developed by drifts on the 300-,
600-, 800-, 1,200-, 1.400-, 1,600- 2,000-, 2400-, and 2.800-foat levels.
In the Star mine, levels are approximately 200 feet apart. When
ihe drifts encounter ore their height is increased to 13 feet to giva
steping ronm gheove the timbuers, and the entire width of the ore 35
remaved] to g maximom of 18 fest,

The early practice waz to install three-compariment, rajses with a
chute, manway, and timber slide at 50-foot intervals along the drift,
bait becalss of the beavy sice pregsure wnd resnlling excessive ropair
cost the interval was chunged to 100 feet. With the old method
vnly 70 pereent of the slope cxeavation was filled with waste. When
a4 stope 15 begun, a confral raise first iz put throngh (o the level
ghove. From the raise, horvizontal Hovr: are mined 100 feet in each
dircetion. The stope is widened to Hie foll width of the vein on
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Lagran A —lzenernlized seedlon, showing merhod of etoplng end (Daberiey, 3Tecla mire,
Edubio,

the firal Hoor.  Atver the first three floors are mined the ore iz re-
moved and tramwaied lo the chotes tn the end raizer. Weaste for
filling ia drawn from the chule in the contral raise.

The first floose iz mined 10 the end of the block und timbered az it
advences, The ore s passed through the top lagping of the drily
sets into cars. The seeonud and third floors are mined in the same
manner. While the third floor is belng mined the timbers can be
pleced Tor spporting filling,  The bottom of the waste corral is on
bop of the Rrst miming floor.  (See fig. 40.)  This floor iz kepk open
to permif repuirs to the drift timbers und corral bottam.  Afier the
third flocr iz advanced far cnourh, the second foor can be filled
from the central raisc, s traclk being placed on the third floor for
tramming the waeste. The waste is obtained from development on
the lavel nbove or from. n main roclk raize connecting with the sur-
Lace. Whew the third Soor is completed und the fourth floor begun,
the track om the third oor iz weed for transferring hrolken ore from

.tha face of tho stope to the ore chmte, Under the system employed
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nzuslly only ene floor is open for any considersble period at one
time. When wall conditions permit, however, the frack for waste
filling iz placed on every aecond floor only, and two floors arc then
open Trom the top of the filling to the bacl of the stope.

The general method of advance, which 15 carried upwsrd until
within 3 or 4 floors of the level above, and the method of timboring
with, stringer or stull sets ave shown in fipure 40, The lagt 3 or 4
floors wre mined up to the level by a series of vertical slices, starting
af the raize. :

The stope rounds consist of vertica] rows of three holes each, wilh
one row to each 214 feet of fuce. The rounds are blusted with 80-
pereent selatin dynamite. Round timber iz used for the Jdrife und
slope sela

Dirveet stoping cost dioving 1928 was approximately s follows:

DHreet stoping coet, el gad St alees, 1028

Gt e 1h o gt Cagt por don mined
Lahr oo AL GGG | Phmber ¥ - &b, 6T
Bupervlzlon ____________.._—— L UB0 | DOseelldaseood soppliee Lo L1
Compressed © aie, lrills,  and
wherl ™ ____  .H16 Totel— 1. 505
Replozives ™ g :

Some shrinkage stoping iz practiced in parts of the smaller ore
hodies, but most of the ove iz mined by the variation of eut-and-fill
stoping deseribed. '

Segreguted fignres, for hovizontal eut-and-G1 sioping anly, in the
Heela ore body, showing the productivity of stopmg labor doring
198, are as fuﬁuws: _

Proifpetivity of stopdkey Iebar, IFdclm ore Dody, 988

Aien-NAwre  Tone e

Oepupation: - P [k edn-pkeifE
Al rwestss - - I | 51 41,25
BEhaovelors and scope framincrs. L4l 17. T4
Tiehormen 2wl helpers - -- LG1E T, 0%

Totnl__ —_ 1. 418 & 07

COL-AND-TILL BTOFING I WIDD ORE BOLTIS

“Im ore bodies that arve so wids that the stops will net stand i
mined longitudinally the full width of the ore, they wre driven weross
the steike Trom wall to wall and ave of a predetermined, safe width,
Thess stopes usually, but not always, are separated by pitlars of ore
whicll ars mined sfier the stopes on each side have been compicled
anel filled.

LA DH.OEADA MITE, CANAWEA, BMIEXICN

Darring the fivst 6 monthe of 1829, 2862978 tons were mined from
the La Colorada ore body, of which 104,057 tong were obtained by
inclined {or ¥ill) ent-amd-fil} stoping, 37,949 tons by horizontal ené-
and-fill stoping, 32,220 tons by sguare-selting, 36,354 tons by shrink-

B Tochules develupmoent In ore: bowever, sluce labiy, sopoevvisicn, gml miscsllsoesvs
Bupnliea Cfor developing in ore amonwied to only 50210 per ten, eoly 4 small pereenage
L for devglolumeht, krd most 33 for sweplogn
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age shoping, and SLENS Loug by drifting,  The tolal ore poodoced by
gtoping wus thus 210,580 tons, of which 142,006 tons {67 percent)
were tnined by cut-and-fill methods. Catron ' hag described the stop-
i methods.

he deeper primary ores occur in vertical, pipelike deposits. The
upper levels of the Colorada pipe are in the form of a ring surround-
ing a wush: core. The ring of ore converges downwary until the
waste core disappears on Lhe hottom levels and the plpe bocganes
u golid, elliptieal body of nre. Stope beundaries alwuys arc deter-
mined by semphng, boeause the copper mineeals extend outward from
the mnain ore body as a network of voinlets which male love-prade
are of the wall rock adjaeent o 1le pipe. The ore of the matm pipe
iz high=rrade. "Fhe ore und walls of the Colorada ore bhody are of
sucl a nuture that litthe or 1o sipport is necessary in mining,

O T O - L T IH T
[e- ‘-J.. "II?E'{ N EHESUTL ’!"155“’ 1 sdl
el 41 —TInellne] ooe-and-fdl stopine, Lo Colorncdy weno, Connnet, Aexion.

{n Lhe 600- and 700-Loot levels, where the ore shoot Is marrow,
Iong, lilled rill stopes were Taid oul. Some of these were convertad
later to horizontal eut-and-fill stopes.  Below the T00-foob luvel the
ore. becomes mach thicker, and Just bolow the $00-Fool lovel the
waste Core disappenrs entirely. Tt was evident that if ent-and-fill
gtojiing were employed pillars wonld have to be lelt and later he
extracted either by top slicing, whiclh mighi allow & gencral sub-
sidence of the ground above, or by the Mitehell slicing system, which
would prevent caving., The former course promized mare certain
recoviry of all ove, It wag therefore dustdec to use top slicing for
removing pillars between the 800- wnd 1,000-foot levels and to top-
slice the entire ore body below the 1,000-foot level, Horizantal cut-
and-fill stoping was the method in genersl use for mining the cui-
and-fill stopes when the mine was vizited by the senior aithor late
in 1931, Imelined cut-pied-fil} stoping was confined to the narrowsr
ore #ecklons,

Figure 41 shows inclined cul-and-Hil stoping as practiced ut this
mine. Drilling is done with drifter machines mounted oo 8- or 4-
inch eolnmng,  In advaneing o et up the slope, 10-foot holes spaosd
5 feet apart in hoth dircetions ave drilled parallel to the slope of

3= O boon, Wlkas, Mg dethoda , Praelices, and Coreh of (e Cuncoea Cansodldoted
Copper Oo, domora, Mexton: 1ol Clee, GELT, 10340, 41 iy, .
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the rill, aod o 10-foct round L feet high i broken aeross the widlh
of the stope. After the ore Is removed waste 1z run in from the
waste raists to within 8 feet of the buck. The waste is leveled and
covared with a floor of 3-ineh plank natled to plank sills before the
next eut is begon.

The horizontal cut-and-fill system is shown in fignre 42, 4, The
typical stope is 30 feet wide and 30 to 160 feat long and has o row
of riizes spaced at 40-foot intervals alonye the cenmter line. Stopes
and pillays from the 900- to the 800-foot level are laid out exactly
over thoss on the L000-Toot level. A line of raises plsy 15 carried
along the center lines of the pillars. Both suls of reises are driven
from the 1,000- to the B00-Fout level ss siulled raises, exoept thalb
they are eribbed for about 20 feef above the rail. -On the $00-Toot

{0142 hope
Lil=11=10 B30y

I ! e

'
CANES- SECTIONS
A

TeEn® A% | lorleonlad eutand 5l stoping, Ta Colerads mlee: A, Yeziteal seetions
alawing Alapiof sy=fan; &, walhed of Arflling Loles for wlvienging =il eot

Ievel the stopes are silled 11 £t wbowe dhe il und on the LOG-toot
Jevel 22 feet wbove the rail (two top-slice floora} to protect the level.
The ground is talken out to the pillar lines on cacl side of the slope
ai the stope rises, giving a Lace 30 fet wide and 11 feet high. This
face iz then advancesd zeross the ors body by breast stopmg,  Figure
42, B, shows the method of drilling holes for alvaneing the sill out.
Each row of holes eonsisis of 4 or § flai holes, the rows being spaced
3L4 to 4 feck apart vertienlly, Drilling iz done with hewvy drifter-
tope machines mounted on Ha-inch codumng,  As spon as a stope 15
larps enongh a seraper is installed to drag the ore fo the chukes,

The extraction ralses nre bailt up directly under the stalled vaises,

“Tle menway side is timbered with 4. by 10-ineh cribbing and the

chute side with 10- by 10-inch cribbing Lor the first 50 feet and above
that with 4= by 10-inch eribbing.. Chute lining is unnueessary. The
chute is covered with a grizely of 80-pound rwals, with, 10-inch
oend oy, : )

When a breast has been advanced past & second raise the Arsl part
of the stope is cleaned out, and & floor of - by 10-inch plunlk, nailed
to 4- by 10-inch #ills, is laid. The sills ure tuid porallel to the direc-
tion in which top slicing will advance. {Top slicing s employed Lor

1860435 37— 12 ' :
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mining the pillars over the drifis.) (iob funecs are il areand the

- stope, except on the waste sides, These are of 8- by 10-inch plank

nailed to ather plonks used for posis,  Any space befwren the fenee
and wall iz filled with brolen ore.  The grizsly rails ars removed
from the chate, the extraction raise iz cribbed up to 3 or 4 frct from
the bacle, and hoth compartiments are covered with timber.

Fill is run in throngh the waste rajze and spread by seraper and
wheelbarrow to within 3 fect of the back. After filing o temporery
Hoer 34 Taid on the wvaste, and the seeond cut is Legun, Tn ks and

Is are drilled differontly from the method
shown in fimoee 42, B, as there iz now a fres face underneath, Flat
holes, § fect_apart horizontally and vertically, 12 feet long, and
drilled straight into the face, hreal the ore readily with 4 to & sticls
of 40-percent powder in each hole. Carrying the back 2 oe 8 feol
Ligher in the center of the stopes than st the sides gives an arch
that rednces teoelde from loose back, ©

Dircet stoping costs, January 1 o June 80, 1829, when 49 percent
of the ore stoped waz mined by inelined eut-nnd-fll staping, 18 per-
cemt Iy horizontal cut-and-fill stoping, and the balance by square-
setting and shrinkage stoping, were as follows: ' '

T OIMpegt gEoping cofts, Yan C0Torgd@ wling, JSOFHEERe |0 JHERe i, SRR

E0Rt e e Cart par Las
af avw ufae
prnrﬁmed . f!li‘l‘.‘l&,:lmuﬁll
Labor . .- $03T4E | PITber e — L 1TD
Sopevvision —________ 131G | Ouher supplleso o __ . CBGG
Cormnpreszed  afr,  drills, aod -
alpel______ e - L 14TR S 71 R 1 - -1

ERTlosifofe s ——wm e 21403

From January 1 to June 80, 1931, direct stoping costs in horizon-
Lul cut-nod-H1E stopes only wers as follows:

Tiirged wiomivmy coxEs, ewet-and-g11 efopes owly, Lo olorede mide, Qemaoey T ofo
' Jiwe S0, FRET . ' :

GRRt por tan Clogk o 0

Lahor {tlmboring, beeskiog, -Brplislves - EAREOUG
and shovellng) oo e FZERY | Tl L1134
Gobldng __________________ 2| Miseellanenus supplies L0058
Compressed  wiv, drills, oud ] _—
wleol oo 100G Tokal oo L TOEE

Thiring this period 48,253 tons were mined by horisental ent-and-
fill stoping, and the outyars per man-shift wae 6.58 tous.

CAMPEFLL MINK, WARKNN, akT

Stoping methads af thi Campbell mine have becn disemssed hy
Lavender® 7The Campbell ore body may bo classified ag o fairly
Lamegreneous body of snlphide cre uiyrm;lmr high silica content. G
ihe 1,800-, 1.700-, and 1 8H-font levels 1 averages about 500 feet in
length and rusges feon 50 te 250 feet in widtlh. The foatwall
eontact 1s fairly well defined except for fraetuve zones wluch have
canzed zome displacement. The dip range: from nearly 90° to as

W Envender, H, BL, Miniug Mellwady al e Camplbel]l Mioe of the Calumet & Arisunn
Mining (v, Warron, Aviz o Iof, Clee. GE2ER, Burenu ol Mines, PO 15 pl.

-
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flui: ax 28°. The hanglngr wall ranges from an economic silica-
pyrite contact low in copper to a sharply defined wall eonforming
tor the local bedding plaves. The ore is hard, and heavy blasting Is
required to bresk it ﬁl;m enough for handling.

Levels are about 100 feet npurt vertiesly, and every other level
is a motor-lnnbige level, "

Betore stopingr the ore body ig divided ioto stope and pillar see-
tions, Inm general, e plan adopted wos 1o have two adjoining
stops sections, each 48 (o 50 feet wide, separuted from the nest
iwo stuping sections by o pillar 45 feet wids, Where the width of
the are body was not too great the stopes: were to be mined from
banging wall to foobwall. Where the ore budy was wider the sce-
tions were cut off by either o singls cap or regulur lead, and new
sections were eslublished. When the stope and pillar sections were
luid out the plan was to work hoth stope sections by ent-and-GlI
stoping atnd to recover the pillar by a Mitchell slice runming wt right
angles to the long dimenzion of the stope. T also was p%ELDIle to
mine each scefion up in blocles 200 foot Migh where continuity of the
nre permitted. : :

Ineclined cut-and-fill sloping was employed for mining the stope
seclions.  'I'wo_gencral iypes of stopes were used: ® Donble-lead *
stopes, iu which a line of square-sets is carried along both sides of
the gectivn, from foct to hanging wall, and “single-lead ™ stopes,
in which & line of square-gets iz earried on one side only and a }i_nc
of caps and posts along the other gide.  In development fos double-
lead aets erosscuts are driven in the pillar and adjoining stops see-
tions along the section lines, and the ground is cut ont for steinger
sets.  (Bee fg. 43, 4.)  After stringess have been placed chules are
built in alternate seis, and stoping 15 hepun above the stringors
While the lead sels are heing cut out mining iz hegun in the stope
between them. In n flat-boltomed stope the ore = allowed to pile
up to form a nafural slide toward the lead; the bmclk of the firat
cut is shaped for the initial A1l Meanwhile, work on the fill raise
fa pushad, amd 3 is holed to the level ubove or in some instances
even to the next haulage leval 200 feet nbove, The natural angle
of repose of the fill 33 37%, and the bacl of the stope follows this
angrle roiglily, ' _

Tpon completion of the lopd sets wnd the gectinn between Jeads the
sbupe 3s cleaned out by hand or by dray scrapers, and the hoftom of
the slope is ecovered with a mat of serap timber., Waste is run
thrangh the fill raize until i i3 within 2 or 3 feet of the back of he
stope. The fill 15 coversd with %inch fleoring nailed to 2- by 10-
inch sills laid flush with the fill. Breaking then is resumed; & cub
ig begun ab e bottom of the incline at the lead set and cartiad up
the slope, the average cut being 12 feet high. Grizzlies of 10- by
10-tnch timber spuesd 10 mehes apart are placed in the Iead sols at
the intersecticn of the Al flooe line with the setz.  After o eut iz
eomplated and ihe ore drawn inio the chutes the floor is taken up
and filling run in.  Hach cyele of cubling and Glling iz approxi-
mately the sume. The lead sets are raised wilh the main cut and
carried enongll in advance of the il to provide height for gob lape-
ging and to give aecess to the working floor for the succesding cut.
A manway set is usunlly curried in each row of leads.
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Ordinarily dvifter-lype machines wre nsed for shoping, and 7- to
8.foob holeg are drilled; stopers nre used to some extent, prineipally
in lead sets pnd raises. Figure 43 shows that the back of the stope
slopes upward at a flat angle scross the stope from the lend sets
(fig. 43, 4 and &} and wlso slopes wpward fram banging to foot
wall (g, 123,8). Figure 43, ', 12 & cross gection of o single lead-zet

stape.
fepe SLE.'! |El.tt|.'el i
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Frovey 48 —Inclumd ent-and-G1 atoping systony, Compbeil mioe, Acksong 2 4, Tlan g
seccholl Of donbislopd stope; B, wengs sertion on lnes =0 of plun A O, £enss seetlon,
single-lead stepe; J1, vrogs aecﬁnn of eetni-2hripkuga stole-

Where the ground iz uniformly good the practice sometimes is
modified by nsing a semi-shrinkage-stoping method or . semi-ent-
and AL system, ‘This method 13 :glnwn in sectlon in fignre 43, 1),
Insteac] of the ore being cleansd onf and filling run in after cach
cut, two or more I2-foot cuts are talen, exeess ore being Jrawn off
te make working room; additional euts are mude by working on top
uf broken ore, us in shrinkege sfoping. The balance of the ore from
the two or move euts 1s drwwn off, and filling is run in us i the regu-
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lar cut-pnd-fill stoping method. This spstem effects & lurge reduc-
tton in flooring expense, as the cuts are sometimes ax mnch as 40 feet
above the fill before the ore is drawn and the stope Hlled.

The aim is to atbuin complete recovery of the ore n the Camphbell
mine area, as it is bigl gpeade. A slight loss of fines {s neoasiomed
by their sifting through the eraela in the flooring, and o Little dilo-
tiom may occur at the edges of the stopes.

The following are fypical direct stopimg cosls af fhe Camphell
mine:

Tpfeal diree! stoping cosfa, Campbell weipe

C0ac per oo af aen
Btope tLa. LParted oroceredl I ol Etape .
Tuple- | Tlm- a4
Lahpr ALy Toitr Alr T'alnl
B e | My B0 Ten. | Teomblo-lead, Jo- | G2 | F01835 | SR 165 | #1215 ‘ L1
1, T clned cot- eod - i
Lils. .
- -l Jup- I, 1923, 1o | Jiagledend, iocliaed | L7 .10 J13 Jan L LB
Jam, 1, Tdil. oat-nail-A01. ; i
Ao TUAN TRES Dadwn | gl - leped, sedbi- 251 i) L2l .30 ¢ LGk
1, 20, rkape; Firat | y
vrtl = el - B 8e- 3 !
. Lico- i
Al stopac: in Cranae | Tun, 3, 18024, te ool | LTS k] LTE 1) R -
Lzl nrea. Jan. 1, Tz . [

1 The anats showrn Leee vepredelss 1ae auiles Twnlinctlon of the Cwanpell ey duclng G 2-cear piclil,
wehm w Jarge wganher of slopes weee begnn or 1o the ioigisd stege.  Tho hipker proporticeol copanes dun o
thasa canaes and ta are balop tied 1o in shrinknge oparaclons ia pedascail I dhoecets,  Ahneet el stoping ln
thds gren v Loodlol gilooail-6U1 el seendsbiclnbope.

ULITID VERBN MIKH, FERCOBI, AJLIE,

Although more than 85 percent of the ore is mined by horizongal
cut-and-pll and square-set stopinge other methods wre soployed Lor
exeeptional conditions. Btoping methods st the Tndted Verde mine
have bien deseribed by Quayle In 1829 the methods employed and
the percentage of the tolxl prodection by each method ere as
follirws:

esaenl ' Pereriat
Horlgeaal culsaod-fill Gl | Loclined ggoeev-set o 02
Inclined engand-G1_____________ & | Bleinlkeue stoping——-—_ 1
Hartzonfl, sooarepst - . 25 | Top sllelng o &

Tha ore deposits are of the mazsive sulphide, schist-replucement
type. The wmineralized zone lus o horizonkal areq of 200,000 to
400,000 square feet on varions levels and w proven depth of 4,000
frot, Drrepmlar interfingering of the sulphides with schist and
porplyry forms an irvegular and indefinite footwall boundary. The
chicl primury copper minsral is chaleopyrite, and the pangue iz
principally pyrite, gquarte, and chlovite.

The matn ore bodies occur along the conteet of the massive snl-
phide and schist; smaller bodies are on the schist-porphyry confact.
The physical characterisiics of the massive sul])hilr-ll&: sehist, wnd
porphyry difter g0 preatly thet the location of an are body with e-
zpect to these rocks determines not only (he mining methad but also
the size of stope that can be worked., "The winssive sulphide is very

M wrle. L W, Mioleg Dethads and I'wvazlices st tlae United Verde Copper -f.-llnc,
Jerceme, Axls o Aol Cire, G400, 150erd of ¥Mines, 2901, 29 pp.
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hard and dense and stands well over large areas withont support,
exeept that an oceasionsl belkhead is reqéuqed under a loose slab or
where the ore body s weskened by an andealte dilte. In this ground
cut-and-fill e shrinkuge stoping 13 applicable. The schist varics in
hardnes: and strength; in places eut-and-fill stoping cen be em-
ployed, while in others small square-sel =eclioms are necessary.
Bhrivkare stoping cannot be employed becawse of the dilution that
wollld cceor when the stopes are deawon., Porphyry ore bodies uwsu-
ally can Le mined by ent-and-611 stoping.

Livals ure 150 feet apart vertically, and each level is developed by
a, drill in the schist ronghly paralleling the sulphide-selist contact.,
Tn places the ore hody is a0 wide that twao parallel drilts are reguived
to insuTe proper chits spueing for the stu%}ES-

{hwing to the great variation in width of the ore bodies und to the
irregularity of ore Loundatdes, it 1s Dapossible o establish any fized
dimensions for the evi-and-Aill gtopes. Fach iz opened to what is
eonsidered the maximum size consistent. with safe mining. The siwes
range from B0 to 80 feat across the ore body and fram 68 to 200 foot
along the slrile. The dimensions alan are ivfluenced by the need to
maitlain regularity in the verticul pillar systom; that Iz, pillars on
one level must come under pillars on the level above. Pillars be-
tweent stopes ususlly are aboul 50 feck thick.

Baefore stoping operations arc bepun, the boundarics of the ome
hody are detcrmined approxitnstely by diszsond drilling from the
contact drifl, and the vertical piller scheme and size of stopes are
determined. A ralse then is driven to the level above, as near the
conter of the stope as possible, This raise will sorve later as u
wuste Talse. In stopes louger than 100 feel twor raises are employed,
the zeeond being placed near ouc ond of the stope.  After the waste
ratze 1s campleled silling operations wre begun Tram the raise, 21 to
25 feet abwove the rail. The siil ix cut ont T feet high, and dmving
silling chute raises are put up from the drift below,  Chates are 1614
feel center to center in wassive sulphite ore and 22 fect apart n
selisk and porphyry.

After the gill cut has reachod the pillar lines snd the ore lmits
2 gecond 7-foot cot iz begun from the waste caise. In stopes hpving
two wasle 1mizes the-out {s sturted from the rnise near the end of
the stope. AT drilling is dove with drifter mochines, T'lat holes
T b0 8B feet deep are drilled in (wo rows, As many holes us con be
used cffectively arve drilled from each set-up by fanning them out.
Hales are shol with S-percent pelatin dynamite. The ore breaks

- inte fragments, of which 30 pereent arc too large to pass an 11-inch

grizaly,  Becondary blasting, which consumes 20 percent of the
explosives nsed, 1s done with 35-pereent gelatin dynamite.

Before the firsl: G111 introdueed a sili oor iz laid, consisting of
two layers of Zineh planks pailed io 4- by 1%ineh sills spaced 3
feet 4 inches npart.  Temporary floorz are 1aid on the fitling hefors
each et 18 begun,  After 2 or 3 rounds have heen blasted from a nesw
cnb shoveling operations are siarted and follow 1 to 25 feel: belind
the mining face. Aw soon wz the shovelers pasz o chnie and ave
shoveling tmto the nexi, timbermen rafse the r:fmta T feet nnd filling
is begurn.  Ahout 2 percent ol the rock hroken is sorted out by the
chovelers und digearded ag waghe,




timber ts 8,95 hoard Leet per tom.

DIBCTERION OF DIFTEEERT STOFTHG METHING 174

TFillimg iz trammued from the wasic raise in a specially designed
eal having a secp-shaped bodr and ruoning on sestional track laid
on the il A gob fence of 6- by 8-inch posts 8 feet long, spaced 3
feel 7 inches aperl and covercd with #-lncli planks, is built along
the pillar line on each [oor before waste [ling is tnteeduced.

F:[I}?Hng material, congisting maninly of dierite and porphyry, =
waste rock from open-pit stripping and waste from wondergroun:d
development.  Only waste that iz vivlaplly free from snlphides is
msed on account of the fire hazard m thiz mina,

Inclined ent-and-fill stoping has been anploFed in ow few special
cases such as the mining of level pillars, where tho weight on a flat
bwele and square brow had to be relisved or square-selling used, or
in isoluied ore bodies, the generul shape of which was suiled hetter
i inelined than to horizonial stoping. Ilorizontal sguwre-set sbop-
ing s cmployed for mining vertical pillars between -eut-snd-Lll
stopes and In some arens in the nnin stopes where the greund i
heavy, Inclined square-setting is wsed prinelpally for extraclting
level pillars.

Labor perfornumee in cot-and-il} stopes iz priven by Quayle as
Tollows:

Lutor perfermudcs, cib-end Il stopes

Mon-howre per  T'one i?frt

C0pa b i & Ion af Gre Ategrd Miai-a
Rreealiing e 0,185 [T
hdrveling S N - f 1415
Timbering and Wlhing_ i 4B 17. 2

Todmd dlirect z2roplng labor- m—e - oo —_ 1.145 G.97

Consumption of explosivos iz 0.65 ponnd (princignl]}' of. Bl-per-
cent prlatin dynamite) per tom of ore broken, Consumption of

MMy MINE, ETIERUMEG ARIL

Mining methods at the Magma mine bave heen deseribed by
Brnowst The ore occurs noan esst-west Tavnli fissure 'which dips
45° i 80° to the north from the surface to the 800-foot level, whore
i turns over amd dips 80 zaith to e Lovest levels in the mine.
A, north-south faudl of large displacement cita the vein into sev-
crnd blocks in the western part of the mine. Posimineral movement
wlong the veln hag resulted in treachorois hangine and foot walls,
Ciomsideruble gouge and ernshed wall rock, with fTequent included
lenzes of ore, oceur along the walls of the wider paits of the vein,

“On the lesver Jevels of ihe mine the principul ore shoot iz 1,200
to 1,500 feet long, averngex 20 to 30 feet In width, and runs from
6 to 8 percent of copper. The ore carries lmportant amounts of

Casmoednted sitver and gold.  About 20 to 25 percent of the ore mined

iz direct-smelling ore averaging 12 pereent of copper, and the rest
is milling ore averaging 6.5 percent of eopper.  Selective muning i
practiced to keep these grades sepavate, hut close separation in
mining is not requited to maintain these prades,

WoEnow, Peed W, Mioing Methoda and Costa af £he Magmn 2ise, Buperlor, Arls ¢ Iad.
Clve, G108, Burenn of 2lioue, 10354, A2 D,
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Fuctors that affect the stoping melhods ot the lower levels are as
Tollows; A body of ore averagring 20 to 30 feet and a maximum of
G0 Leet in width; hard ore between sofi, treachevous walls; and ore
of relutively high grade,

In nasrew ore {less than 16 Ieet wide) a timbered-rill ent-pnd-
fill gystem 1s employed. In wider ora a rill siope-and-pitlar system
iz mspd, The latter comsists of o combination of 16-Toot, ¥l cut-
and-f siopes shernating with 14-foot pillers weross 1he vein from
wall to wall. :

Ab the lower Jevels tho haulage lovels are 250 or 800 feel apwrt
vertically.  The haplape deifts wre drivee in the footwall 25 feet
m: orore from the wvetn,  Intermediate Ievels not connected to the
shafts are driven about half-wuy between the huulage levels, Ex-
{iraction drifts are driven on eoch level in ore wlong the footwall,
and hanpging-wall drifts are carried in e hapging wall 14 feet from
the veirn, The latter are used for handling waste for filling, timber,
snd supplies, ' :

In the stope-and-pillar system, crosscuts are driven from the
Tootwall extraction deift v the hanging wall on 20-fool conters
utrder the centers of the fulure stopes, These ure widemed o 16
feet and blasted down to o height of 10 or 12 feef, forminy the =il
ltoors of the stopes. The lenpth of cach stepe ts the width of the
vein at that point and may be 15 to G0 feet. Stringers of 10- by
10-inch timber 16 fest long are placed across the =1l on 5-fam
eenters, and & double floor of 2-ineh plank s laid therson, The
extraction drift iz Umbercd with baoftered sets.  From this deilt
the thres sets next to the footwall of each 16-foot stope are carvied
up ng o threecompartment rafse as mining progrosses: the ontzide
sele pro uzed as oro chules and the cenfer seb as w manway.  These
ate nzed later i extracting the pillars, Bquaro-sets are placed
across the vein oo one gide of the rill stope on the sl dloor and
gingle H-foot posts of 10 by lkineh timber are stood across the
vein on the opposile side fo Torm gob lues. Wlan the stope iz
filled 1l sepiare-sets wre held open as a crosscut to provide dceess
to futurs stopes helow and to the haoging-wall drift.

Adfter =il timbering hias been completed a cribbed raize is started
In the hanging wall abowt 12 feet from the bottom of the sill,
und the broken waste from this raise is dropped into the stope for
filling, Wlen the wasle Iying on e natnral slope is within 4
feet of the buclk a floor is lard on the waste, und a T-foot eut of ore
1z mined, inelimed npewrd toward the banging wall and parailel 1o
the slope of the waste fill, or about 35° from the horizontal.

After the broken ore iz cleaned out, new goly lines, consisting of
single posts end on end and 2-ineh lagging, are placed along each
gide of the flops  The ends of the posts are half-framed, and 2
simgle strand of old holst eable 18 wsed to tie the two lines of posts
togrether acvoss the stope. The waste raise ds earried up only fast
envmgh to provide the necessary stope [ling and gmually reaches
the level above when the stope iz about 28 feet high on the hanging-
wall side. Affer this, waste from other sowrees iz dumped into
the stope through the raisc as required for filling. The top of the
waste ralse conncets with the hanging-wall drifé on the upper level.
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When ithe stope reaches the lovel after the smocession of inclined
carts, square-setting is used to oxtract the ore under old filled stopes.
The stopes ave carried up the full 1ift between haulage levels, and
intermediate levels are uged for bringing in filling and supplics and
far access to the stopes.

Dirilling iz dene with land-rotated stopers. Huoles are spaeced
about I feet apurt wnd deilled o as to shatter the back gz little as
posgibla amd maintuin an greh with its ends eesting om the pillave,
A erew for 2 ¥ill slope consists of two mniners who do all the drifl-
ing, timbering, and shoveling. Very lititle shoveling 1z necessary
hecanse the ore runz on the sloping loor of the fill to the prizaly
wrer Lhe chate, '

Iillars botween filled rill stopes are extractod by 2 modified form
of the ¥MitcLedl sticing systemn developed of Tiisher; mining is dons
from the top downward, The top of the pillar 15 zhot ont, and a
line of diwgronally braced segment sefs s pfuced Irmmediatel y below
the Hlled stil foor of the finiched stope above.  Sometimes o sccond |
cul, below the firet also is timbered with segment sets. The pillar
f= fhen mnined downward by successive cuts slopliyr 40° toward the
Inotwall.  The broken ore runs by gravity into the squarc-set raise,
which wns uzed in the adjoining 1iil stope.  As #toping progresses,
i0- by 10-inch stringers are placed aeross the stope; thess ave 5 feet
apart horizentally hebwinn corresponding rillstope gob posts and T
feet apart vertically, Only eiourh gmrovnd is broken at o time to
make room for oma stringer.  Dirilling is dome with jsckhammers,
and most of the hioles are dvilled [ef from steging nailed on the
gheingrers.  Comparstive partizl costs of dilferent types of siopes ars
az Lollows:

Etoping aoefe pa ion, Amgnie mine

Ll Elzpilles
| |
EFaiaL i atuete- |l - ) Tl l'J.'[m. .
g Diueke- |l .| Waste | Taple- | bec o
M:mm“! Lo | bowurdrug Aemos | "y L B4 Jl:lﬂqtf]'j- Tazal
I i
..... _ | L
Tizaboyad ral oo 4G | EIL L LGOS | B0NE | R(LIB | f005 [ SneR [ &LV
T:le.__ ————— 33 oL Al ) LB AL L de 1,354
P, - N -t - - -0 I

Tl stoping costs coveringe ali methods were ag follows during
1028

Totel stopfng ooet, Wagne nee, 103G

Qaek oy tok ) Cwat por fun
Lahat____ . #1410 | Timbor _— w20 AT
Smpervislon o 26T | nhear snpplies - Lt
Clompressell  wiv,  drillz amd
gherl, omd pOWRr I 5 § Totul stuping vosf______ . 3, 84p
Exploslves ————— . ______ - 1l .

The wage seala to Oolober 1628 was oz follows: Miners $4.05,
Ambermen $5.28, and shovelers $4.15.  Theregfier it was 10 percent
higher, :
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Stoping, tinheriog, snd Alling averaged 1.706 man-henrs per ton,

or 468 tons por man-shift.  Consumptlon of explogives for stoping
only was (W7 ponnd per ton of ore mined and conspmption of tfimber
Tor stoping only, 17.0 board teet per ton.

EAGEM BINE, HILMAN, (AL

Borcherdt ® Lias deseribed the miting practice at the Eagle mine.
The most imporkast ore bedies are in a dolomiltic lnestone hed
aboul 125 feet thick wnd ure of the replucement type. Just whove
this hed, bt suparsicd Lherofrom by a thin bed of shals and guarte-
e 15 a porphyey sill avernging 60 feet In thickness. The deposiiz
ceenr as typical blanket or manta ore hedivs, long cylindrical de-
pozits elliptical in crosa section, and chimneys,  The massive sulphide
ore is a mixture of pyrite, sphulerite, siderite, and galena.

Mrst of the production iz obtuined from horizontal ent-nnd-fll
stopes and from square-set stopes, In elliptical, cylindricsl ore
bodies, which are 35 to 60 fest high and 100 to 250 feet long, the
ore body i3 seebloned inte transverse stopes and piflars.  Biopes are
35 feet wide and pillars 15 feet, They are worked by crdinary cut-
and-fill stoping from the base o the fop of the are. In some in-
stances the ore Is shoveled by hand into the chutes, but mere often
it is seraped. Filling from development or waste caving iz passed
into the stopes throngh ralses from an overlying level and spresd by
serapers.  Ulling cither may follow the ore onb clusely or be intea-
duced after removal of o complete B-foot slice. A square-zet eisle
one seb wide is earried along each side of the stope, thas reducing
the nnsupported span; this span rarcly i3 as much az 35 feet, The
sguare-sety alse partition the wuste from the pillar wals und pro-
vide o tie for 15-foot stringers and tettsses Lhat compriss the timbor-
ing in mining the pillars.

gfhe ore is wealr at the top of the ore bodies, and often the Gngl
ent must be mmed by square-setting,  Cowpleted stopes are filled to
ithe tog and erthbed tightly agaimet the baek, Pillar remnoval Tollows
mining of the ove from adjacent stopes. The ore is broken from one
end of the pillar-and drasn throngh chuies in ihe sguare-set aisles
grected during mining of the ent-and-Gll slopes,  Miing progresses
from one end of the pillar to the other,

The following data apply to the operation of nine ent-and-R1L
stopes In zine ore bodies, and the figurcs include square-setting of
the stope topz.  Muecling and [iling 1n the stopes were donc largely
with serapers.,

Lt o 0 opdegned- 2ol ﬂﬂpeﬁ,ﬂmyie: HihE

Prodhiction per marhineman ghifto.. . ___.. _ fons.._ 23,4
Froduerion per tlombermoan shaft___-_ .- S | | M- '
Froducetlon per muclker shitc e i —de___ 19.5
Troduction per OU-Rbor ehite——— e o ___ 4B
Production per man-sl0te, all stope abor .l oo 8B4
Timbar per lon of ore_ S 14T 1 o [ 11 S -
L B3

Powder per bon ol v e e THRINTL

& Dorchiecdt, W. 0., The J'lJﬂELl}lr& ¥lao Coln Opemndlon at Clhnaw, Cnlo, 2 Eng psd Min,
faur.. wal, 1349, L1461, pp. DS—105.
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Cut-2nd-fill sloping has been the method wsed most for minivg the
iron ores of the Ereivoy Rog district in Rossin® It has been appliad
to strong wnd weak ore bodies with solid or weak walla and to holh
large ard small ore bodies.  Although inelined ent-ancd-fill methods
have been eroployed horizental eut-and-fill stoping renerully is wsed.
In narrvow ore bodies the stopes are deiven longiodinally, but trans-
viTen gtope sections ary laid out in the wider ore hodies, These stope
septions iy slternate with stope pillarvs or may be driven alengside
ezch other, Pillars are extracted hy cut-nnd-fill atoping or top slie- .
ing, An inferesting feature of the practics is the nse of (illing com-
posed of & mixturs of day and gquartexe (Y0 to 75 percent of day
and 30 to 25 percent of guartzite)., This mixlure is sometimes levelad
off in thin Ixyers in the stopes, each layer being motstened before the
next Jayer s introduced. Tilling of this npature has been found fo
eonselidate to such an extent that udjacent stopes can be mined in
slicaz 7 feet high alongmide the [illing without employing gob fene-
ing. Dry filling shrinks somewhat; puve clay slirinks 30 percent and
clay with guartzite 15 percent. lixperimeniz have ghown that the
besl: mixiure 15 obtained with 2% percent, of quartzite and 75 percent
of elny: if more than 80 percent of fuartzite is used, the mass sepu-
Tates eaztly inle flukes, SBemiwet filling is most =atisfaclory Wﬁun
comypozesd of cluy or a mizture of elay with 25 pervent of granulated
- quarisibe,  This mixture may shrink as much pg 50 pereent of the
original vulume.

ATAMMART OT' CTTT-AND-I'L14. BTOTING

1 Applicabilizy—Cut-and-fil] stoping is applicable wnder & wide
range of conditions. Tk is employed for mining both small uwnd large
depasitz of regular or irregulur cutline, swhich dip at angled less tham
the wprle of ropoze of the broken ore and Slilog to H02. Whers the
dip iséless then the angle of vopose of the broken vre mesns mnst
be provided for mosing the ové from the face of the stope to the
haulage level; nsoally the mothod is employed where the brolen ore
eann be moved to the level by gravity——that is, in steeply dipping
tabular deposits or i lerge bodies of ore of epnzsiderable Térbioal
extent. The method bnds ils widest and hest application in the
stoping of firm-, medimn-, or Wigh-reade ore, enelosed between walls
ome or both of which are wenle nnd regquite permanent support. The
are itzelf chould be firm enough o support ilsetf over the width of
the stope, a3 the filling doez not directly support the back but only
indirectly by sustuining the wulls, which earry the ends of the #pat
of nmsnpported ore, I% aleo baz an impertant application in minmg
é{eipnsliﬁ of less thun stoping widih.

b, Mlepibility—Cut-and-G11 stoping Is fexible. Trropular ore
boundariez can be followed in the stopes, and stringers of ore from
the main ore body can be followed and mined. Wasts inelnzions in-

2 gryvpzapedon, W., The Medhnd of Uoderground Minfpg of Iron Oee in the Diatvied of
Toel vy Thoms ETmnslutiun from tha oelginal Foasinm of 4. K. Benldeveky) : Inl Clo, §30¢,
Bilrann of inee, 1930, 458 np, :
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the ore body ean be sovtod from the ore and gobbed in fe mtopes.
Ore of less than gtoping width can be mined by the stripping or
resuing variation of the method with minimum less ol orve and
dilution with waste. Moreover horses of waste may he left intact.
Cribz or stull timbers ecan ba crecled on top of the filling o support
loeal putelies of weal back or exeeplionally weal wall, and chanjes
cun he made readily from eut-wnd-fill stoping to sgquave-seb stoping
in scetions wlere the ore is too weak to be mined without regulor
timbering.

Cht-and-fili sboping, however, lacks flexibility in rate of produe-
tion from individual stopes, exeept that favorable changes in ground
conditions may allow more rapid extraclion by permnitting higher
euts Lo be talen or two or more cufs to be mined {az by “semi-
shrinkage *) before removal of the ore and gnbsequent filling. The
rate of outpul is restricled by cessation of ore breafing during filling
ar, where breaking nud Lllinge are continuous, by the relatively small
mclividual rounds 1hat ean be blasted.

The ore iz removed as fast 28 it iz broken {cwxcept jn the * semi-
shrinkuge ™ varviation). This is advantsgeons, as cwpital Is not
locked up in broken ore Jelt in the stopes.  Moreover, 1f the ore is
w sulphide ore which is to be concentrated by [lotation, or ore which

will heat. and may take fire if left in the stopes immediste removel.

of tle brolien ore iz an obvious ndvinkage.  On the other hand, the
method does not provide o teservo of broken ore whiclh Is sometimes
advaniagreous for supplying a steady sutput do the mill il some of
ihe stopes arve tied up temporarily.

3. Recovery—A Tigh recovery nsually ean be obtained. Stringers
of ore, which ofien would have to be Ieft or would be mizsed inad-
vertently in shrinkape stoping, eau be follvwed and stoped. Tho
waolle gan be prospected rewdily from e stops flocrs for porallel
ore shoots, and it any are found they can be developed and mined

from the stope.  If nearby ore shools are disvovered afler the stopes |

nry conpleted these usually cap be developed snd mined without
unduoe dilfienlty, ag the filling in the stopes will have supported the
walls and preventod movement and fracturing of the newly dia-
. eovered adjscent ore bodies.  Clean mining is possible becanse waste
brolen inadvertently with ore, or waste which may elab off the
walls, can be removed from the broken orve and gobbed In the stope.

4. Dewelopment—Somewhat more siope development iz often (bt
not always} vequived Lthan for shrinkagee stoplng, %Jecsmsfe it generally
s meceszary tu drive woste ralses theongl to the Iovel above hefore
gtoping can begine An exeoption is where the RlHng material iz
composed entirely or partly of waste sorted im the stopes, and the
© holapee iz obtained from waste stopes or waste raises driven imto
the stope walls T ghrinkage stoping it uay be necessary 1o drive
as many raises bo the level above for venbilation as are required 1o
inbroduce waste m cut-sond-fill stoping, in which case raise develop-
ment would be a stand-off, whichever method was emploved. The
stopes may be silled on the Ievel or af zome distance above az in
shrinkage stoping.  With ent-and-fill stoping it iz nenally unneces-
sury fo drive cliute raises through the drift pallar close together, and
they may be 25, 80, or even 100G feet apart, whereas in shrinkage
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stoping they séldom are farther apart than 15 o 20 feet. Thug,
whera thae stopes are sibled above the level stope development actuaily
may be less for cut-snd-fill stoping than for shrinkage stoping.

Sinee filling is commonly introdueed from the level above lhruu;_ﬁ1
wieshe raises, 1L ordinerily roquires longer to prepares a stope for eut-
and-[l] stoplog thoe for shrinkegn stopsing owing to the delay inei-
dent to driving the raiscs,

Johnzon and Gardoer bave worked cut and telulated idepl de-

veloprent ratios for varipus ent-and-fill stoping methndz at a group of

1':;.'[.11'n;-.sm1tat-ive mines®®  The ratios piven are calenlated on the basis
of information supplisd in articles describing the deiails of pruetice
ak the severnl mines, and the authors do not claim thut they closely
represent the resnlts obtained in aeimal praciice. They do represent,

© however, the results that could be obtnined if sach siope were de-

veloped and mined in steict sceordunce with the standard plans de-
seribed.  On this bazis 14 mines averaged 0.0068 linear fool of stope

developmeent per ton of ore, ov 178 tons of ore per foot of stope

development.  Ilxelhwding threee minee working very narrow ore
bewdics the figures are, respectively, 00048 foot per ton and 208 tons
or foot.  Aversges for these three mines are, respectively, (L0251
oot per ton and 22 tons per foot.
In sctual practice the tonnage per foot of develapmenl wounld

goenerally ‘be eonsiderably lower than the theoreticnl fipure owing o’

the driving of auxiliary openings sucl ps sublevels und short erogs-
cots and ratses, the neod of wheh cannot be antictpated in advanes
by any systematie plan of developmens,  Such opemngs may have to
b deiven to mine nround horses of waste, to follow stringers of ore,
or To twing parallel ore bodics -and to provide additional manways,
fill raises, and ore chules, Actual stope development required may
axcecd thenretical developmaont by 25 to 50 percent in some instances.

& Cost of cud-and -8 sloping.—Direct stoping costs ak 2 number
uf mines which have Leen described in the {orepoing pages are shown
in table It The cozts are not directly comparnbly, as eonditions at
tha different mines vary greasly: movesver, he vesls cover some
wines where stoping mathods other than cut-and-811 are employed,
but eub-nnd-Al stoping is the prineipal method used. High costs
pur fon of ore hoisted are to be exzpeeted in narrow veins where
resning is practiced or where much close sorting is reguired in the
stopes.  The eosts ab the first three mines indieate to what extent
these Lacbors mwy Increns: the stopingcost.

Closts naturadly are lover n wide ore bodles than in narrow anes,
althouph the cost shown for the TInited Tostern mine is relatively
high. In this instance, however., the tabulated cosls include Gram-
ming gl probably ether distribuled ifems ot ineleded in the fignres
fur the other mines. '

If the cogtz in table 10 are compared with the shrinkage-stoping

eosts in table 7 cut-and-fill steping may not appear to be much meore
sxpenslve on 8 per-fon basls than shrinkage stoping, provided the
last & mioes o Bable 7 wnd the [irst 3 io table 10 sre amibtled, Tor
deposits of similar width, however, shrinkege-stoping costs are con-

Minaw, 1$51, B8 pp.

B Tobnzon, & H, nod Gandnes, B, I, Owt-avd-Ei] Shopieg s Tnf, Olee, (HSE, Jtur-::tlu. ot
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siderably Iower. Thus, sl the Eighty-Five mive shrinkage-stoplng
gostz averaged about $1.50 per ton, whersas ent-znd-fill-stoping costs
average shout $2.490 por oo,

In mast of the minez using ent-and-fill sloping some sorting ab
least is done 1n the stopes, u.nﬁ cleaner mining is possible than with
shrinkage shoping. The resuliing higher grade of product and
smallar tommage handled, hoisled, and milled nsually will offset the
bigler per-ton eost and result in » lower cost per unit of recoverable
metal, which is the end to be sought.

Tabls 11 summarizes data on man-hours pur ton at a nember of
mines employing cnt-gnd-G11 stoping as the principal mining method.

Table 12 shiws the consumpiion of explosives in eut-and-fill
stopes, and table 13 gives data on the consumption of fimber.

ATWANTAGER OF CUT-ANB-TILL ETOFIMU

The prineipal gdvantages of cut-and-fill stoping are summarized
a5 follows:

1. Te is applicable Lo the mining of large or amall deposits having
mederslely firm ore gud weak wullz dipping at ap angle ol wbout
445° to verbical and may alse be employed 0 flatter deposilz of con-
siderable vertical height, Moreover, it may e nsed in low-dipping,
thin deposits 1f special mesns are provided for moving the brolon
ore Trom the stopes (o the bavloge levels.

4, -The filling ¥orms & permanent suppett to the walls, preventing
caving thereof, although i cannot be relied ypon to support biels o
la,rgeﬁmrimnta,l spam.

8. Cut-and-ill stoping is flexilde in that irvegular ove marging and
nIl‘shguts aw] stringers from the maln vem- can be followed and.
IR,

4 Dilpiiwy of ore with waste can be kept low; waste inclusions
carn. be left in placs or beolon, sorted, and lott in the stopes for
fillimg; und & high porceniage of the tutal ore in the deposit ean he
axtracied, _

5. The ore is removed ss rapldly ag it s broken, so that little
capital is Lied up in onevailable broken ore, Moreover, quick re-
moval of the ore after it 12 broken iz an advantage with some ores
which are to be concentruled by flotation.

&, Littls timber is required, except in the stringer-sctewnd-[ll
variniion of the method; henee the five hazard is low.

NIHADVANTAGE OF CUT-AND-TITT. STUELNG

1. The ore itsel must he fairly strong, especially in wide deposits,
as the filling supporis only the walls snd not the back.
2. Thae rie of output from coch stope iz somewhat Limited owing

ti delays ocensioned by filling. The fransportation, hendling, an
placing of filling udds to the direct stopiug cost and to the cost of
transportation. L_']F‘i]]in;:;; mnst be provided promptly when and in the
quantitics required to maintain a steady produnction.

5. The enst per ton of ore is higher than that for shrinkage stoping
lmt lower thah that for square-zet stoping nnder similar conditions.
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ATULLED 3TOTES

Az already stated there i zome guestion sz to whether the methad
of stoping in which a systematic scheme of stull timbering is waed
to support roof and walls sheuld be clussified s 2 distinet stoping
method.  Stull timbers are used in conjunetion with other mining
methods Lo sipport locsl patehes of weal ground in most mines, hut
in such instanees they are ineldentad to sloping,  Sometimes stolls
are spaced at regular inleevalzs thronghout the stopes and serve as
the prineipal or only sepport of the walls or back and ineidentally
2% supports Tor working platforms

Althongh vegmlar stull timbering is nsed widely in working narrow
velng of falrly strong ore with mwoderuiely strong walls, recent min-
ing lteratwre contalns few descriptions of this method, probably
hecanse it [s used principally in sall mines,
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The method may be employed in thin tabular depasits dipping at

all angles from flat to vertical,

EXSMFELER (1" SCULLED STOFING
O HLOMIETA TR B L D.&T.'I:I'_';{'RTI‘r MICTT.

- The: mining mathods employed in the Conglmneruts lode have

‘beer dozeribed ]Jz Viviasn.
The Calumet Conglomernie ore body ocenrs 1n o felsitic conglom- -

erate. At Calumed: the bed is 10 to 12 feet. thick near the swrface,

~widening ot in the central part of the property to about 20 fest

at the exghiy-fiest level, which is 8,100 fact below the surface meas-
ured on the dip, and narrowing again in the lower levels. The dip
ranges from &8¢ ak the surface to 36* ab a vetlical depth of 1 mile.

e conglomerate 1s interatratified with voleands rocks: thielk heds
of trap lie above amd beneath it. The lode consists of felsile and

quartz-porphyry  pebbles cemented fogether with guarls, caleits,

and native copper.  Within the conglomerate oecur lentionlar lryers
of sondstone whiel, wlthough barven of copper themselves, usu-
ally lie hetween 1he commeraially mineralized parts of the lode and

‘muszt be broken with the vein maferinl, The entive hangring-wall
‘trap ks checkered with slips and J'ﬂ]nt-ing_p]'ﬂ,ees, most of whiclh are
i

tight and dry and run at angles of 50° to 70° with the bedding. The
tootwalt of the lode is the highly fragmental, sinygdaleidal capping
of ihe underlying teap. Tu general, it iz very friable and eon-
taing & large proportion of soff winerals. When the weight of
the hanging will is eoneentrated npon en wnmined pillar of lode ma-
terigl, which is very hard, the pressure of the hard pillar on the
weaker footwell eauses the latter to burst upward inte the apen-
ing. This condition had an impeortant bearing on the decision
toadopt o retrenting systern of miming, The Inde had been mined
to preat deptlhs over wide areas, and the weirht of the superin-

cotnhenl sy of braken rocl over the mine worlsings iz directly

respongible for ofr Wasts and rock bursts,

- The advancing =yslem of mining was nsed to a depth, of 6,000
feat on the dip, or sbont 8,500 feat vertivelly. From this clevation
to the present bottom stopes at a vertion] depth of about 5,500 faet
the retreating system has been used entively. The hottom levels
rre develaped from inclined shafte sunk from the eighty-first hanl-

age Ievel, " Levels are 100 fest apart measured on the dip, and on

anch level drifts wre driven to thoe ore or section limils whers stop-

“ihpg beging and retroats toward the shaft.

¢ Fignre 44, 4, ia 2 plan on the plane of the lodle showing the

dreberal geheme of mining and tho relative positions ol the re.

trenting stopes on several levels. Fieurs 44, H, shows ihe method

- of carrying the stope faces and the systematie arrangement af stoll

timbers 1o a single stope.

- 1In the thicker parts of the lode square-sel tinbering was em-

ployed, and individnal stopes were 200 fest long.  Below £,300 on the

dip the nomber of stopes over 20 feel thick decrensed vapidly, and

Vlwian, Harvy, Deap Minitwy Metbods, ¢eael whe Miwe of .t]l Crl t & Haoal
Cunpoliduted Copper Eu.r:' Inf. llllﬁ'l:,1 ani, ]]upgﬂgnuimﬁtlugﬂr ]_1;"3-[,‘::2[! p;_ e e
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on this aceount wnd hecanse of the excessive coal of framed square-
cele a gradusl hewnsition was maode to stull timbering, which is

now used entirely for temporary support
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QI stipe caved  ZGF

Froume 4f.—8inlE gcoping, Conpglemcrate ming, Mieligan: 4, Flan on planse ‘of Iole ehowing positlon of flopor: B, method uf
Cratrylng stops ey aud armngeanenc of siall eimbers, ’

Frequently the uppoer 90 to 23 feet of Lhe

at most only & few odd stulls

- hawg firm the 11a11gin§ wall
, do

in all stopes. The stope
fenpih was cub to 10 Leef
-ab the same tims, Siand-
ard practice now ealls for
fonr rows . of stulls 18
inghes to @ feet in dism-
cier, sot i betteries of two
alongside. each other with
approximalely 2. T - foot
clear spact hefween near
tirnhers horizontally and
on (e dip. These denble
hatteries cover about 40

. percent of the height of

ithe stope, and no mulier

myy wppear to he, double
stulls are installed to a
heiglt of 4 feet ahove
the leval. Above this, the
stulls are placed singly,
the diztance hotween cen-
terg increasing according
to the natare of the ground
in each particoler stope.
Lzperience has shown that
during the time regnired
to comprleta o sbope {about
100 doys) the maximuim
thryst of the hanging wall
mynifests ilsel! at a point
shout one-third the totsl
Lieight of the compluied
sbops, or just below the
fomth dombic tow above
the level, Row £ is just
below the cenler of the
stope and must hold for
ahout 60 days after it is

CMaced..  Each auccssstve

Tow above this poind is
Tequired to stand for a
sharter fime and iz located
under hanging wall which
receives less pressive due
1o the suppert aftorded by
the eaved materinl in the
stope Immediately above,
stope require mo timnber, or
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Threp and sorastimes four machines nre cperated simunlipneously
in ench stope.  The first or “ cutting-out ” slice of each stope Is started
ut the end of the stope nearest the shaft and is extended toward the
previously completed stope, which is uzually well caved by the time
the alice reaches it.  Each succceding slies, which iz abont 4 feet Ligh,
is started from the caved-stope eud and driven toward the shafi: thas
the short sturting raises which would be required if the slice’ wore
sturted at the other eml wre unnecessary, wnd the dangerous pillar
projectlon at the eaved ond just before completion off the shce is
eliminated,

Juet bafars esch stope has been mined to the levels ghove a double
row of ¥ breaker ™ sf-u]l_jls ia placed from bottmo fo top, within about
3 feat of the solid cnd of the stopr, Tlie row consists of heavy logs
at least 2 feet in diameter, sob with o clear space of 3 feet between
pairs, thus leaving a sefe area 3 fest wide into which the hanging
wall cannot cave until the new stope hos been gliced oul,

A complete mining operation o cach side of 2 shaft consiste of o
sorieg of four retreating stopes on four snceessive levels, sach stope
leading the oae below by 150 feet. This lead is considered the mini-
man dislance over which Cthe floor arch should remain intact during
the active life of the stope above. ' : :

Adtor the stopes arve mined out the hanging wall crushes the Gim-
hers gradually and linally breaks, filling ihe stope behingd the brasker
stulls, No attempt is made to foree hanging wall to collapss by blast-
ing ou the shulls, but the time of collnpse 1 regulated by increasing
or decreasing the number of stulls pleced during active stoping.

Tho wystem described is vir*l;uuﬁg;' a longwall retroating eystem.

By its use ek bursts have become rare and are looked for only in
the lust or next to the lost stope at the shaft pillar,
© Mougnted 814-inch Leyner-t}rﬁm machines are ysed in stoping, Pluc-
ing holes in the stopes is left largely to the diseretion of the mingr,
supervised by the shift boss, and the arenngement varies considerably,
owing to the changeable nature of the face due to preseure, slabhing,
or junting. .
+ The conglomerate rock tends to break inte slub-shaped pilaces, so
that in spite of the relatively flat dip of the Tode most of the stope
rock runz to the level by gravity. - About 15 percent of the rock from
the upper stopes {aces must bo seraped dwon to the level. The same
scraper 18 nsed to scrape the rock from the floor of the level up a
seraper shde and into the mine cars.

The cost of stoping in 1927 was a3 follows: & . tfowd ger danof
prd ARfiied #

Lalor e e e e BLHE

Bapplied e o W
Power e e e —————————— 0T

Patil : I I e M2 250

During 1927 the consumption of explosives In stopes was 0.711
pound per ton of rock milled. Tn January and Februgry 1931 the
average ]Jrenl“zin% cost was $0.628 per ton and the average stoping
waghﬁ.ﬂét Ter shift.

Brane, W, B, Work clted. :

W Ttelpa ioclede timberleg, me:n[ug[, track, compreager. and 4rall EE]EE:L!E.

Fil}eﬂnELlnizt]::l irimoing east, which 13 glven sy $LH4T per ton, Lhe dlroet stopiog
voit woa $1012 per oo,
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During 1930, 872,834 tons were mined and hoisted, of which 831,
E70 toms woere from stopes and 40,864 tons from development. Labar
performance in stopes was us follows:

Labar pevlnriadice i Alopes, ﬂmlg]‘mn_&mt_n arklite, 1941

A an-Tugiren Tuize YEr

Checupativo e ’ Parta it SRR L
Crealdng DU SOVO PR VPP PRI | N 1 | I 72
b e EUR— -1 B 18 53
Mucking __. . ———- P £ am, 14

Total oo e e e LG 6. 33

Consumption of explosives was 075 pound of 40-percent dynamite
prr Lon of ore and conswnption of timber 819 Fnear fech per tom.

W WATERSLA NI, ATRION
" Stulled stopes haye besn cmploved extensively on ihe Central

Rand, both in underhand und overhand stopes. The practice
recently swus discusted briefly by Beringer™  Figure 45, taken from

p-_:'a aad :a_.

_dth el

Treei STWAE
o

rpenits 40, —Tvpiution of ateplog practhee ol a Witwalorsmand mloe, Alrien (aféer Therlarr]
Beelvger, Ling and Mio. Jours ; A, Larly aysteo, open goderhand atope ; &, nudarban g
araping olte gtulls | O, Frerbanil etoping onte ytnlls, :

Peringer’s article, shows the mpmner of carrying the stope faces
arid stoping onte stnll timbers,  Aceovding 1o Beringer the nnder-
hand stoping system shown in figure 45, B, wes an improvenlent
om the oyelier method of underhand stoping without timber.  {See
fig, 45, A.) 'The disadvantapges of the earlier wethod were: 1;1}
Trunsportation ol the ore from the face to the levol below by gravity
was interfered with hy the henches from whicl it hed to be shoveled
duwn the =tope faces: {2 misfires are possible because many of the
Toles are wet, and ihe mistives wre nob seen readily; (3} a {all of
hanging wall may roll down and Yill the drillers; (4} ventilation
is poor because, when the winze hecomes (0]l of broken ore there ig
ne throgh enrrent of air; (8) inconvenicnee iz cuused by acounn-
lated ore at the poings,

# Baringer, Rernared, ‘Cle Witwalerarand ¢ Jovalodlon of Minine Pracliess Bapeelully ig
the Comutrel E.uud.- EDE. awl Min. Jour, val, 181, 1431, pp. 323-d&1,
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By the stulled stoping method shown I figure 45, B, weotilation
was improved to avold delay in reentering the stopes after blasting,
and support o the hanging wall was sbrongthened.. The faee is
carried at 45° from the horizenial, 25 in the open stopes, and stalls
sre placed across the stope of 20-fool intervale. Broken ore is
allowed to accumulate on ihese, thile sepporting o larger arca of
hanging wall and aftording overhead cover for the drillers, In
heary ground stulle may he strengthened with filled cribs.  Aceossi-
bility sl ventilation were improved, safety-was inereazed, and
drawing ol ere was accelerated by the change to stulléd stopus,

A greslsr improvement came when underhand stoping was abol-
ished, where dips woere 457 oc steeper, and overhand stoping intro-
dneed, With overhand stoping onto stulls, as shown in figure 45, ¢,
mining i& more econoinical, no shoveling iz roquired, stops fanes wro
Lufi; gﬁ&h by the hlast and - *hootleps™ can qbe expmined readily,
safety 1s Increased hecanse a fall of honging wall ean hurt ondy the
men ditectly heneath and a falf from the facs can hurt ne one, and
the .aiy current iz divested up the stope faces, insuring perfect
ventilation. - This method ks applicable to deposits up to 12 feet in
width which dip 45° or mwre, The stolls are placed 20 feet ahove
each other and should be kept well-loaded with broken orve to alford
standing raoom for the drillerz and suppott a larger arca of hanging
wall. As the stope foces sdvance the stulls are drawn toward the
facea, and the scermulaled ove drops through to the chutes,

WLRIGIIT-HAZGREATING MOINE, HLIRELARD LAKIC, OHNITARTD

Stull stoping was iatroduced of tha Wright-Hargreaves mine in
1928, and certain. Jetnilz of pracrice employed at Bubte, Monl., were
apphied.  The method is similur to that shown In ligure T, page 12,
&:u]ﬂ 35 uzed in some of the narrower stopes Where thers are bad
paiches of gonge and wall rock which slough alf it not well sup-

orled, The broken ote is not allowed to aceuniylate on the stubls
it 13 civerted immmediately 4o the. chules, winge zlides being Tised
wlhicr necessary to eliminate tiond shoveling, Slebs of waste were
Ieft in the stopes on stull limbers a5 shewn, By this system ik was
possible to stope with less oéerbreak of the veln in narrow ore and
less dilution than when shrinkage stoping waz emploved, and a
higher grade prodoct resulied. The stopes ave carvied through from
lewel o level withoul leaving any floor pillars. When a stope has
heen worlied to the level above i s filled with Jevelopment waste.
When stopes are to be carried wbave the loyel the botiom of the leval
iz timbered with double heavy sfallz ard floored over, and stoping
is then resuied ahove. :

Stoping costs for 1880, taleen from the smmsl company roport,
were 51,928, This was the average cost in stulled stopes, shrinkag
stopes, and a few square-set stopes. .

SRUARE-SET STOFTNG

Square-sed stopimg originatéd on the Comstock lode in Nevada in
1860; it wae davizged to mine a wide body of orc which was so soft
and critmbling thet pillars could pot be used to support the roof,
The method was so snecesginl that later it came into geneval nse in
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ihe Westarn Stales and was froguently employed where there was
1o real need for it and where other and chenper methods would have
rerved az well,

It is atill used widely, especinlly in the West, and finds its hest-
application in the mining of moderate- or high-grude bodies of weal
ore with wealk walle, wheve naither the ore nor the walls will atand.
unsupporked for an.appréeeiable time withont permsnent snpport
even over small spans and where caving and subsidence of the over-
Lying strata must be prevented. The system iz npplicable to tabular,
lenticular, and irregnlar deposiks of small or greut width dipping at
angles From fiat to vertical; it iz often employed for mining crown
or level pillars and beiween caved or filled stopes which have been
mined by other stoping methods,

Seuare-sctting usually is adopted as a lust resort but has g special
tfield for mining ore bodics not minable by olher methods, The
sysbem is very %L}xible and may be altered readily to mees chang-
in% gromnd conditions, ) .

1%:mmaset- stopes iy be mined with or without contemporane-

- ous filling, bui. today sguare-zet stoping is epplied prmuié_ul.lly under
conditions where the ground is =o heavy that prompt fillimg is re-
quived for permanent support and the square-set timbering serves -
only to hold the buck and walls during exiraction of the ore from
relatively small blocks or alices. ) _ :

The s:ﬁu&re;sa‘t. stopes may be mined in horizontal slices o1 * floors ¥,
with inclimed faces, or in verticsl slices. Horizontal ov il sections
usually are employed in wide ore hodies where the greaest pres-
sure iz from the swalls. When the greatest pressure iz from above
the sections usnally are earried up verticully: In wenk ore hodies
tho tendeney iz to usa vertical vather than horizental elicrs, Loose
or Thnning gromd generally is mined in vertical slives h%'innin
at. the top and procceding guwnwn rd.  Severnl methods of attack
may be tked in the ssme vein fo fit local ground concditions.

The examples in the following pages typify, conditions wnder
which square-sef stoping is employed and the principal variations
of the method. Refersnce iz made to the discussion of Gardner
and Vanderburg ® for further details of square-setting practice.

HOTARE-BET FI'UI*I}TG.’ TEINGE FILHILZNTAT, EE.ETIDNE_

ARGORATUT MINEl, JACITEO0M, CALLIF.

Mining methods of the Argonuut mine have been diztussed by
Vonderburg™  (Genersl conditions favorable to mining at thizs mine
are partly offsel by the following: (1) Incressing cost of operation
iteadenl 1o the groat depth to which mining has progressed; {(2)
heayy, swelling ground encountered and ¢onsequent {urgu autlay for
maintenance to lreep the grouwd open; end (3) eomparatively low
grade of the ore. The Argongut veln oceupies the fizsure of a ro-
virse fault and euls through beds of greenstone, schist, nnd slate. It
sirikes ahout N, 20° W. and has an everage dip of 627 northeast.

Y gnridner, B Dy, apd Vaoderbong Tilam 0, Bovare-get Syatem of Miofwg: Inf. Cire.
HEOL, Dures of Minse, 1924, T pm,

w Vanderbury, willlam h. Mining BMetheds and Coete ut the Areovaul Mine, Arnsadet
Coonty, CLL: lnt, Clhre G21E Duvepn of hfines, 1930, 14 pp
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A depth Is attained thé voin tends to beeome Aatter. The mazimum

length of the ore ghoot: is 1,100 feet, the maximum width 65 feet, and
the a,‘FEru%e width mined pbout 20 feet. The vein iz persistent zud
ollowed from the apex down to the 5400-foob level (at
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FIe0nE 46.—8quace-znc stoping, _Lﬂ{ﬂnuu.t mine, CpliCaesly @ A, Verflogl longitndiuael pro-
jeciian: Jr, veriion] eross saction ghowihy RQENIR-SCte AlrecTfy on dTifi Brta: B, Terilosl
P su_eﬂnu shewing squaré-geta on lonpe 4ap3 and etclngercs.

the end of 1928} measured on the dip, The guart-z filling pinches
and swells along both strike and Jdip but never dies oul entirely.

The vein iz accomparied on one or both walls by gonge rangin
from severnl inches to several fect in thickness, The walls are soft
and fractured so that slowghing will cecur it the openings ave not
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supported promptly, The vein itself is traversed by planes of wealk-
neza go that lageing of the backs of all openings is reguired to pre-
vant Coving. ¢ rock mgswes are more or less miokile, and their
welght is transferred from point to point as thelr equilibriom is dis-
turbed by new openings. Timber alone will not provide adequate
support over o larps area, and as stoping progresses Winbering must
In: followed promptly by waste filling. _

TFigure 46 zhows the zysiem of stoping and stope timbering ot the
Argonaut mine. The level interval 15 100 feet down to the 3 000-fool
level and 150 feet from there o il bottom, Drifts are exiended
in ore along the footwall on each lovel., These drifte are 6 by 8 leet
in crogs secbion amd are timbersd with repular drift sete.  {Bee lip.
46, A and &) When u drift hag been axiended several hundred feel
Trom the shaff a raise is driven to the level above, Stopes ars silled
aut on the fivst floor shiove the drift, and the sills are tirabered either
with regular equare-scig resting directly on the deift sets (fig. 46, &)
or with regular sefs on lonyg caps and stringers (fig, 46, ¢'). Floor-
g iz laid on the gtringers to hold the subsequent wasle flhig.-

toping is carvled upward in seotions 108 feet long or as long as
the distanee beiwesn manwayz. Several sectisns nsuaily are mined
strnltanecusly, altheugoh che section mst{ b weveral sets lower o
higher than the wdjoiiing ones, Virtually all the vein maririal in
the ore shoot is mined without sorting, and oo pillars are left. Goen-
erally only endngh ground is removed at one tine to make room for
gtunding one set of timber. After o section has been mined one sef
high and weross the vein for the full length of the section another
floor is bepun.  Filling with waste is carried on alongr with stoping,
so that ouly one floor is open at a time. Manways dire carvied np
as the stope advalees, and chutes are built in every fourth drift set
or at 2i-foot intervaly, Whenever possible, the brolten ove iz diverted
inte the chutes by plunk winge slides built in the syuare-zets. Any
ore thut cannot be handled by graviiy 1o fhis manner iz shovelo
inte the chutes by hand. b .

Sruare-zet posts are fromed at one end only and are of rownd ilm-
ber 14 to 18 inches in diameter and 7 feet By over-all [ength. Caps
are 12 by .12 inches by 5 fect 4 Inches long: girts are § to 12 inches
in diameter, 4 feet long, and unframed. A square-set is 7 feet 10
itiches high and 5 feet 4 inches by § feet from conted to center of

n:ls, The standard set containg 08 enbic feet, or 16.72 tons of ore.
E‘illing is obtzined by driving inclimed chamberz into the hanging
wall or, if the hanging wall iz weak and tends to cave, from eross-
enlz into Ehe footwall

Drirect stoping costs during Seplember 1929 were »s follows:

Dilrect sfoping coet, Argopend mite, Septemiior 1120

. (st per fon Caal per tan
- o . of ure kafedee Lo uf orc Aot
Tk 51,740 | Timber - — —u o 335
Anperyision . e~ L 032 | Other supblies ——— ST
Compresssd  alr,  Arilly, and . e
el R ~. 1l Tatn] dlveet gigane ol 2430
Hxploslve? i i s

- Wage rates were as follows: Miners $450, muckers $4, timbermen
$4.75, and tool nippers $4.50. . : .
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Ore breaking and timbering required 2,084 man-hours per ton of
ore, wiste ]Jresﬁ{ing-ﬂ,nd filling 0.847 man-hosr, and shoveling 0,475
man-hour, a total of 2.87¢ man-hours of stope laber per ton, equiva-
lent to 278 tons per man-ghift.  The conmmnption of explosive wasz
101 pounds of 30-percent gelatin dynamite. per ton of ore. Thi
consuiption of timber amountad to 7.05 board feek of =awed stock
and L.0OS linear feet of round timber and lagging per ton.

TAGE MINE, PAGE IDATI)

Mining methods at ths Page mine have been described by Berg®
The ore oceurs in two Jigtinet fissure velns io guarteite, They sirike
2707 to 80° W, and dip 3. 407 to 60°, There are no well-defined
walls, and the enclosing quartzites are broken and shattered o pro-
drece a zone extending 20 to 30 Feed into the walls of the vein proper;
thiz causes heavy, swelling ground and necessitates the use th closely
filled square-seb stopes for mintag the ore.  Some sorting iz done un-
derground, bui most of the ore breaks so fine that the material sither
is rejected for filling or soni oub as vre. The veins pinch on both
strike and dip to mere ponge and awell at times Lo 20 fest in thicle-
ness.  Simall, irrepular patehes and bodies of ore occasiomally sre
found running back into the hanging wall of the vein, but these are
sonfined to the fractured zone. :

Dreast stoping with light drifters iz preferred to overhand stop-
ing with stoper drills, hecause it conteols breaking better and elim-
inates heavy steel losses and stoper machine repaire.

Stopes are carried in blocks about 250 feet long and talen In one
lift 800. feat high, Ore pasges ave 35 feet wparlh and are erilbed.
Creasionally chutes are so fiat, due to irregurl)a.rities in dip of the
veing, thak water H{mdirlg i% required to mule the hroken ore ron,

Standard square-set timbering with cap-latting framing iz em-
ployed. Caps avernge 12 inches in dismeter and posts 9 neles in
dirmeter, und girks are of 6- by S4inch sawéd timber. The gronnd
12 2o hewyy that the Hmber g placed a3 soom a5 room iz made for w
set, I iz dezivable to keep the stopes filled to within three floors or
less from the bacle.  Crossenizs are driven inbo the footwall o ohtain
waste filling materialj they are begun 3 by 7 fect in zeetion and 25
to B0 feet Tfrom the stope are cularged to 8 by 12 feet. Waste is
ﬂrg,gg\e.d frem thesy crossents inko the stopes by single-drum Legger

osta,

Direct stoping costs during 1928 are given by Berg, as follaws:

Direct slopdig cost, fgge mive, NIES

i L . )

: i _ et
Labor 5144 ! Tiamleer e B2
Bwpweryiston - 13 - Other supplies_________________ .
Comepressed  alr, power, drille, - | -
© And sleot ——_—— 18 Total divect stoping eost_ 2,15
Hxplusives . ___ .11 | :

Wage rates weve: Timbermen $6, fimbermen helpers 8525, minars
$6.50, and shovelers 85, :

% iturgr, T, B, Miodns Metiods wt the Poge Mine of the Federal MEndng & Snflting O,
Yage, Nnbo: Dol Qe G722 Thirenn of Miner, 1R, & b, .
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BEIO5S AINT, TELEERO, 5. LIEY.

. Cut-and-B]] stoping at the Pecos mine was disenssed in the see-
tion on cut-and-fill stoping.  IG was stated that In 1999 eunt-und-fill
amd square-set atoping were employed abont equally. The same gen-
cral scheme of aperations sppliss to both msthods, except that in.
square-sct stoping manways, cxtraction raises, and gob lines are
provided by lacing off square-scts.  Square-sets are of round timber
and are 3 Teet square by 6 fect, B inches high in the slopes and 8
feet high on the s1ll floor.

Direct stoping cost per ton in square-set stopes only was as follows
in 1928: e

Direct stapthg eout, Pocos auine, yQEdre-set sioping ohly, 1029

At por tan Cogd ger foe
. of urd Wi af prt wined
Breaking, Iabore.——- e 200 EB2 | MInlog supplios- . FLIE
lovalingr, labor_____ eeeea— WA | BExploedves . 1B
Timbering, b __ T Timber D

Filling, labor e ___ .18 T B
—_— Total direct stopimg evat.- 283

Tl lahir— e A [

The total cest of $2.83 per ton for squure-set stoping compares with
$2.01 per ton for cut-and-fill stoping ab this mine, '

HBLACIC BOCK MINE, BUTTE, M{yT,

Mining methods at the Black Eock mine have been described by
Melzilvra and Henly.r :

The Black Rock mine is on the castern extremity of the Reinbow
vein, which has o general east and west strike and Jips 80° to the
zputh. The vein ranges from a fow leet fo 180 fuet in widih, and
sioping widths are 1 set to 12 sets (0 Lo 70 feet). Most of the pro-
duction comes Trom this vein, aithough ofher veins averaging about
# leet in width huve commereial importance. The ore ranges from
a goft, crombly sphalerite to havd, flinty malerial composed of quartz
and sphalerite.  The country rock is granite, which iz infensily
altered near the vein,  The vein struclure presents o bended arrange-
ment of ore and waste parwllel to the walle, In general, the ore
and wall recks are not stromg enough to support themselves, even
over small spans, and ﬂ,rt-i.ﬁcifi support is reguived ns seon as pos-
sible after an opening is mada,

The level interval s 100 feet to the 1,900-foat level and 150 feet
from there down to the bottom stoping level, which is at 3,900 {eet.

Syuare-set stoping iz employed throughout the muine; i pives max-
imnm support to the walls and back and fills the need for a Qexibie
svstem of mlmngg Wasto lilling is kept a3 close to the stape face as
possible. Olten bulkheads are carricd through from one level to ihe
next as stoping Progresses to give neeessary addikiomal support.

Vrriations of equare-set stoping are necedsary to suit the different
eonditions encountered, These conditions are: (1) Owe and walls

W By, D B, ang Healy, A, T, Methods of Minios ot the Black Roek Miog, 15uLl
jéf:ﬁ Bnpecior ﬁining LHT muu,-} Ilatelec. Mont. : Inf. Cir:.uﬂa'ﬂf Erilrmu L:;'f Mj_:;:gg, 153[?
o '
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strong enough to permil carrying the stope upward with square-
sels and folluwiu% closely with waste MHng: (23 loose and rnning
ground that would cave if worked unpward, which requires under-
hpnd stoping by carrying the square-sels downward ; and (3) grouncd
intermediate between that of conditions (1) and (2), which is miped
by top slicing with squarc-set Limbers.

Standuwed sqg:are-sets are 5 feet 10 inches by & fect square in plan
and 8 foct high and are of the cap-tmtéing type. They are of round
fimber 10 t0 12 inches in diameter. Caps and posts sre framed alike
und inberehapmeeble,

Drifts are driven along the foolwsll and timbered with framed
2efs with 8-foot pusts, Stopes are silled on the first flovr sbove the
leval in overhand stoping, and chwtes are installed at 30-foot ter-
valz along the drift, Stopes are carricd up in short blocks & 0 10
sets long with a chute and manway at the end which serves luler as
a supply raize for the next block, Where the vein is wide the hang-
ing-wall hall ia stoped first and the footwiall half iater, Two-inch

ging is used to retain the waste filling on the end of the stope
Y {omln ore in place,

Fsnally only euough pround is Blasted oul at a time to make reom
for o single sob of thmber. Waste bebween Tunds of ors nzually is
Ilasted separately and deopped dircelly iulo 1l gob, Where 1t s
impracticable to blust the wazte separabely the vound is hlasted onio
the iloor, which is eovercd wilh plank, and the woste 13 sorted out
Ery hand.

Stopes more then two sets wide ordinarily require hulkheads in
addition to the sgumre-setd and waste filling, %rlhhﬂﬁ tulkhends
usnally are sufficient, and when the gromnd over o bulkhezd has
bieen 1mined the bulkhead is moved up & floor and the space below
[iNed.

In underhand square-setting a rotse Lirst s put through from level
to lovel. From the raize a cuf is tuken on the floor below the sill.
Booms nre placed az shown in figure 47, 4, to catch up the sl thn-
bers. These booms are of - by 10-inch timbor and 18 feet lone.
Thers are two methods of holding the timbers above whils the
eround is being taken onk for the set below: (1) 'If down-weight is
exressive, booms are used for every set, and two pairs of booms are
emplo eci, tho upper pair being moved down ps minin r PTOZTEEHS |
(2} ify side pressiee iz exeessive, a dimgonal stall will Tiold the cap
in place while the ground is being worked out for poste.  After the
first set 1s in, the gronnd for the set directly below is teken ouf.
Mining progresses ahont 50 feel. downward mthis manner. Al this
point an Iniermediate (rift {2 defver wlony the footwall as a lvam-
ming sublavcl for tramming the ore bock (o the chute vaize, [Soe’
fg. 47, B.) Btarting at the top again another set iz mined down
slongside the first one on the hangimg-wall side.  Tlis procedurs is
followed mtil a line of sets is mined from foot to hanging wall and
from the npper sill to the intermediate level. " The next lines of sefs
are mined in the smne way. As stoping progresses waste filling s
put o and held in.place by small poles or broken Japgging. One sch
in ench fine always is kept open as = temporary chute and manway.
The ore below the intermediate level is stoped in the same manmer
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rg that above. The upper glll usually iz abandoned before or during
mining below. Actess to the stopes iz gained through footwall hii-
erals and short drosseuts, : o
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Fuumen A7 —TIndurhand  Anare-w:d sboping, ok Mock mine. Montans: A, Mog@ed of
© o NHINY Andtnes—r, upger bouims, b, branes botweon boems, €, shork pogtg ghier [T
Ay losrer booma | #, zeoernt seolisn throwel) séops, -

1n o slicing with square-sets the slices are mined 1 to 3 lonrs
high, When more than one foor is to be mined o drift is man to e el
of-the ore bloclk on the footwall at the Iuwer floor and timbered with
suare-sets, The floor above then iz mined back to the ore chiite,
starting ut the end of the block. When all the ors above the sfies
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{loor has been mined ount o mew slice is begun Lelow and mined in
the zame manner. Ng filling iz employed, and although the timhbers
are not blasted out the wpper shiees soon eloge in and (11 thenselves.

SILYE0 EIxG COALTEION J[ISLE, PART 11y, 1ITATL

Hmiﬁ ng methods at the Silver King Coulition mine have hbeen
described by Dailey® Doth lode deposits and Ledded replacement
deposite veelr In this mine, the latter furnishing #5 pereent of the
ore, DBedded da]msits.mnftfly are lenticolar in.outling, with irresu-
lariv lobed murging. Some lobes or arms exiend bundreds of feck
from the muin deppeits.  Bedded deposils have heen continueusly

roductive for more then 10000 feet along their strike. The Jode

eposits are fonrd in fissures that appear to be the channels throngh
which the mineralizing solttions eirculated and formed the replace-
ment deposits in the Hmestone beds,  Ore minerals nre gralena, pyrite,
sphaleriie, teiraliedrits, and-their vddized products.

In the Silver King section of thé mine 2 stringer-set-and-fll sys-

tem (nzing timbering similar to that in-the stringer-set-wnd-fill sys-
tem described in the section on cut-and-6ll stopingd is employed.
The seks consist of unframed 8- by B-inch caps 10 feet long sop-
ported oo three round posts 8 to 10 inehes o diumeter aud 6 fort 6
anches Iong. Round giviz 4 feet -4 inches longr cither are spiked to
the posts or held in position Ty small blocks nniled e the posts under
the girts. FParts of the larger stopes are filled with wuste as stoping
advances to sepport the hanging wall, all awailable timbers being
removed befora filling zo that they can be reused,
. Tn the Silver IIill section of the mine, where the ground is heavier,
the stringrer sets are framed.  The posts und capa are of 8- by 8-inch
and the gicts of 4- by S-inch timbers, In fiat, heavy are bodics,
where it is not practicable o advance the stepe ws ome continuous
lace, the ore hody is mined in sections 60 feet wide, | :

Brolzen ore is moved down Ll dip of the etopes by hand shoveling,
awlheslbarrows, or ears,  Between 15 and 20 pereont of the maeterisl
broken is sorted ont nuderground and returned to the stopes for
filling, 1f enough waste is nob supplied from this sovrce wosta
drifls and raises that have merit ag prospects or as ventilation wnd
haxlagr openings pre driven. _

Direct stoping costs during Lhe Fear 1929 are given as follows:

Direct sloping ooxts, @Fver Ling Coultiog andee, ThEd

Caat por fen if traal paf toat of

R ©oare fatated . . ot Rufaled ™

Lalnr —_ s 52404 | Timber——________ e Fo, 240

Superyision . ——————_ e L1830 | THDec SODDlCS oo mie mmee— G024

ompressed  aie,  drllls, and o+ ' —_

© sbed]-- - [ 1 Wotul - A B
Explosived — —___ J1T8. . -

" The wage sonle was aa follows: Miners $4.50, machinemen $4.75,
timbermen $4.75, timbermen helpers §4.25, shovelars $4.23, and tool
nippers .60, o ;
= yiley, M. T Mining alellbods and Costs ol ghe Bllver Ting Cowlitlon Wlne Ce., Park
B

Oty Ttah's Iol. Olre 63%1, Burean of Mines, 1030, 12
W] [ rock brokew, 24 pescenc 13 soried ot and returnod to elepes for Sllng
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Labur perforiiance in siopes, Sifver King Coslidtn mines, 1830

Mun-Tourr  Tong figr

Ouonpation: ' ber Lot MER-RREST
Breaking —_ ] e 0. 21 B G
Titmdering - - - e—mmimm———— L HA 1.7
Bhovellng and soedlog L _ i 164 871

Lol S —- N ¥ b | 2.1

BUTAL 2R STOITNG, .'USCL'NL'I HTVLL WIIPES

A rilled scebion ln square-seiting permits waste filling to be Tun
in the stope where necessary, with a minimum of hand shoveling.
-Moreover, fewer chutes need be maintained throngh the Gl o receive
the brolen are. 'Where mueh sorting is to be done herizontel sections
nsually are prefereed, '

GRITED T '_'I.T'I':‘\'IG, YANADTOM, N. MEX,

Cut-and-81) stoping ot this mine already has bech discnssed vnder
Cut-gnd-Fill Stoping, 1t was stated thit cut-and-fill stoping is
croployed where he vein is mavrow and squarc-set stoping where
it is wide. ' :

Where square-set stoping is used the sili floor is taken out the full
width of the ore and timnbered with square-setz, The first floor above
then is stoped and timbered, afier which the roises nc widened and
timbered one set wide across the vein aud up to the level ubove.
Starting at the center raize of 4 100-foot block on the second floor
abova the sill, threée lines of sets are stoped from wall to wall an
each side of the raize. On the floor above two lines of sefs are taleen
in the same maener, and on the nexi Aoor above that ane Hne of sets
is tnlen on each side of the raise. This formz a pyramidal stops
with the raize in lhe cenfer. Waste is run in threngh the raiss to
fill the stope as eomplotely s poseible; [Len 2 floor is Inid on the
fill. Stoping iz eontinned on each side of the raise until the toe of
‘the Till 15 within 10 feel of the next chute, witer which the lush two
'sets gre_carried Hab le fuinish & shoveling platform where sorting
eal be dodo, :
FARH, 'PAH MINIL TPARK CITY, UUAH

Except for a small amount of bedded ore in the Wasnich limestone
all the ore ot the Park Titah mine ceeurs in fissures®  The width of
the fissures ranges from 8 fo 80 feet and the dip from 40° to 55°,
The ore shoots are lentienlsr and rangs in length vp to a maximum
of 800 fect. The fissyres aro banded wilh alternating layers of sul-
phides and altered lmestone. Fhe bands constitnle planes of weale
‘niesz 20 that the gre, which ix of mediom hardness, breaks well, The
- walls of the veing vsnally are weak-and will slough if left unsup-
porvted. Where the hanging wall is quartsite the vock is brecciated
for shout 60 feet frown the vein and must bo well supported to pre-
vent eaving.  Faults euf the veins at neute angles, forming wedgs-
shaped masses of rock which eave rendily into the stopes if ot

| Hm::'litt. 1. A, Miking Melhods =nd Cozte ot the Feck Tih Mine, 1'% Clev, Ttoh @ Taf,

Cire, 0200, Buvenl of Mo, 10240, E35 pp
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supported.  As a rule thers is o clear line of demareation between the
vein und the hanging wall, whereas the footwall is poorly defined.
Two classes of ore are mined—gilicesus silver ore which s shipped
dirﬁchly to the smelter and lead-zincsilver sulphide ore which is
milled.
© Byuare-set stoping with Blling is employed in all stopes more than
12 faet wide.

The suare-set mining system employed at the Purk Utab mine
is an aduptation of rill stoping and was planned primarily to permit
ihe waste {ifling to flow to its destination with o mmnimum of
handling. The first section 13 100 fect or 20 setz lung, © asts high,
ard the full width of the vein, which may e 12 to &0 foct  (Ses
fir 48) Sueeerding sections adjacent to the first are 50 foct o 10
sets long and € sets high, The sill floor iz begnn from the top of the
foolwall drift, When the section represented by blocks A-W and
A-E (fig. 48} is mined 6 sets high, sioping iz begun in blocks B
B/, AS-W, and A2-F simultancously by horizontal slices one set
high. The square-zcls on each slice are placed in position at the

“Wsie rai L=ty D7) ‘Wrnle tuid -Emy

1
s

i

'Lﬁllnl
WERTICAL | OMGLOINAL FROJECTION CRO3S-SECTION e~u

TicUel 43, —4nunre-set etoplpng sretem, Furk LUiah, mine, TTonk,

footwall first. The ineclined lines ju the figure ropaescnt the top of
ihe filling at its angle of repose {about 40%) at variouz stuges of
minmg. The ore is %and'lcd in the stopes by serapers. Waste filling
Isrun m ag the square-set suelions arve being carried up so that mining
and filling are contmuons (?eratc[ons. agliz 15 cerived prineipaily
from developinent worle and ron into the stopes from the hanging-
wall dvift on the level above. As the stope ndvances to the position
ghown by ihe dotfed lines additionsl waste raises O—W and -F are
driven. The floor pillar left under the level above is 10 feet thick
and is mined in a scparate oporation lyy verties] slices across the
vein. DBefors the floor pillar iz mined the stope below is filled to
within one seb of the bacle between waste raises (& and G-, the
waste being leveled off with serapers when neccssary. Horses of
wisle in the ore body are drilled snd blasted mio the stope fill, O
pases nud manways are carried up of intervala of 50 leef, or every
ienth set. -

Square-sets ure framed with butting eapa  Posta are of §- by 10-
inch theber, caps are 10 by 10 inches, and givts are of 8- Ty 10-inch
timbor, A sguare-set e 5 by § feet in plan by 7 fect 4 inches high,
center to center, wnd contains 183 cubie foet. :

1asR4H " —aT——14
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A square-gel stoping crew usually comststs of six or eight men,
divided equally on two shifts,

The daily routine of operations of such a crew is as ioHoWh.

Deily vowding of operatiome 1 gouare-sad aropes

For seraping in squar omst a.tnpes the sera per heist. i3 mounted on a

truck wnd moved parsliel with the walls u% the atope over a 3-inch
[unk floor. The seraper is drag;_l;ﬂ'{ in any line of Eﬁtb frenm the

¥ ot to the hanging wall. Plank wing slides are built inTthe sets to

direct. the broken ore.inle bhe chutes or to the serper runwaiys.

Sceraping has redneed sloping coats 50 pereent com|wred to handworls,
The dircet stoping cost for 1928 was as follows:

Dirpef atopieg costs, Dol U2ad gdne, 1EE

Cuet grer ton nf : ffass per 1ed of

are feriet ol . . gl Pepd ]
Laber — e E1437 | Timber ____ 20y, 45
BUIpers s __ e D30 | Orher supglIes oL 202
Comnresset aiv, powed, drvills, - : -—
sered sbeel e I02 R AT - V. - 1 . .
Ixplosives__, e s J112 I : e L EL

Bazic wage rates weve: Mlﬂers 595, Tgloas B4 5 nl‘pper% &h. 25,
soruper operators 524, am] trherten 505,

Siuare-sot gtoping was eontracted lor at 49 to $12 1)er squm*e zet.
ContrﬂLt{:rs were required to drill, blast, stand, and bloclt timbier,
place the mining foor, rig up serapers, and s rrapé tlie o into 1he.
chutes, The Sto]}e wag fille] on compauy secount.

Labor performace in the stopes was as followa:

o Labor pm‘fﬁf'muilce ‘th oetopes, Foels Dok m.i.m:; fIEE

ifep-foary Mok par

Oeonpation : T : T peroa. daimedbift
Hrenddog < _________._ et e . : 074 . 108
Tiheriog and ﬂilhw' . S -+ L L]
Mueking (REraRinE o e e ] U -
7 ) i -1 9'4 o 4__14

Consmmption of timber was 16.46 hoard fecl per fon of nre 1111:111{]-
ing thal uszed in stoping, development, and malntenaneo, ..

Mimer |  Timbermon : . ..-‘-31.:u'r'.t'_1ur. . (mﬂﬁig']
. S - - - "i
1| Parriop down oo Taping Broro ltur it HI-LILE urli tn.ll i 40
o . S
2 Fh:ahtml; n;[.r'.rn.;.l:ﬁjn.a_.___._---- Orenliog Liloher. . C];aunm,. rmcmrlm.nd ez, 45
i 0l L — Elﬁ:lflm[, and bl‘.ackmg {lut- Hu::m;nrlguu[- oro__ .1l ]
4 | Toorng dewn eod zomaving | Logeiog sets wod radn | dﬂ--—.--.-------...a....--. 0
maehite. . uhntn,
& | Grlting powdor aod Jendlel o ————-da. ... _..__| RemovinT scraper pod g3dl- | Ak
holes, . Tilrttl:. :
G | Blaselupo ..o Tl reeo- | THastiog- -
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©RAWDWLIN MINE UITME RORM A

. Minjng methods at the Dawdwin mine have been deseribed and
discussed by {Jalhoun! The main ore fissure runs through o wide
hand of rhyolite tuff exposed by erazion of the overlying sediments.
The lode has been formed by metazomatic replecement of the rhyolite
tuff along ihe fssures. The Chinaman lode has a well-defined fm.ng-
ing wall but no well-definad footwull.  On some levels there ix salid
sulphide ore 50 fest wide for 1,00 feef or more alongy the strile,
smd 101 places the ore is 140 leet wide, A faulted portion ol the loda,
I a4z the @ Bhan ¥, i much narrower,

The gre 15 an intimate mizture of malena, sphalerite, wnd in many
pleces of chaleopyrile wlsn.  The Chinese worked the mine from the
surfave to 50 feet bulow the 171-foot level fer silver alone, und a
large remuant of the upper gt of the ore body v mized with old
filled stopes and workings. This vemnant must be preserved for
futars mining, ulthongh much of it is not of cunnnerciﬂ,{)gmﬂa toclay.

The first method of stoping tried was flat-back square-=et stoping

The plllar nok stopet walj] -
sdacent slopss ame rlDOﬂ'-plI:'bEﬂ

" Faeues 40 —Equatuesel sloplng, Bawdin wine, Bulwa.

with fomg, wide siopes.  Later o maccow Gilman-glice vill stope wis
tried bat shandohed. Aothe wpper levels must be Kepl inbyet, mill-
liole, top-slicing, snd eaving systems are not applieable, The system
finully wdopted was s combinabion squaie-sel rslll systent with stopes
of variable width to suif local conditions, Development drifts are
driven otitslde the ore birdy it the hard foofwall rocl, from which
erossents are driven to wnd theough the ore at 100-food intervala
I'rom, {hess crossouts conkintons raizes ate put up from level to level
und finally to the surfuce, When stoping 1s begun, anxtliary eross-
cuts ave driven halfway belween the originel crossculs, which are
eounesked o the main extraction drilt with curves of 25-fool radius.
Fhe 80-foot hlocks on-either side, except for 1 12-foot pillar ditectly
ovel the crozsout, eomprise the stopes.  The rill stopes apex at the
tuie - passes and slope dowm to. the extraction crosscuts, (See fig.
441 Btopes are three or four sets wide Where the vein s wide v
Fongitindina) section is mined first along the hangdne wall; when this
a5 cottipleted seeond and thind: seetions are niilie:LH ongraide, retreat-
ing toward the footwall, Square-sets are 514 feot square and 7 feet

Al lhoin. A B.. Mluing Methode at VSrwdwin Mine ! Teang, Am, Ioset, Min. eod 3ot
sz (lapuied with Mining wwd MetaThnegy ), -dumat 1228, 40 pe. .
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© Stopemen wers paid on & bomus system based upon the nomber of
gets GE timbered stope grouid taken out; one zet in ordinary ground
eontains 270 enbie feet or 27 lang tons of ore.

Labor performanee in stopes was ag fullows:
) Loawg trize pey
Fea-Menry  mtax-aidy

DL oT ' por foay fan (& kaura)
Minec S : e ik 16 . 150
Ehoreler. . —_ R [, N - 4.1

Talal - s — e rm——— s 11. L 10

Conzgnmpbion of explosive was 0,30 pound of 50-percent gelignite
per long tom and eonzumption of timber (L85 enbic foot of logs, (.83
cubie fool of sawed tunber, 0,80 cubie foof. of 8- by S-inch lagginge,
and 027 cobic fogh of 8- by 3-uch lagging, a lotal of 128 cubic
Teet of timber per long ton of ore.

EUARE-ELT STOVCRTG:, THING FERTICAL SRECTIONS

The manner of applying vertival sHees in loose grenind at the
Tlack Rock mine, together with othet square-cet practices, has been
described.

HIRKLE mOA & SULLIVAN AMINE. LELLMK, TIkATLD

Tl stoping methods al the Bunler ITL & Sallivan miee have bean
deseribod by Brown.®

Aveording to Broww, the square-set system of mining employed
at this mine is suited exactly to the ireegular nature of the ote
bodies, The ore iz {oo high n grade to risk loss, and the sguars-
got method permits not ooly very clean miping bt alse complete
extraction at minimum eost. ]I-:ﬂ].".ll‘]’]% engta probably could be re-
dueed by applying shrinksge methods to some of the ore hodies,
tmf. this would result in dihition becanse of the poorly defined, sofi
wallz and the leaving of important masses of ore in the walls, The
stoping syslem now emnloyed was develeped about 1915, The ore
in the hanging wall 15 stoped al the peak of the stope with i nearly
vertical ‘working face, az shown in figure 50 and desertbed later.
The older flal-huck stope resulied in unaveidable heavy falls of ure
and waste, danger to the workmen, and certain losses of mineral.
The present form of stope with the Inverted V erosssecfion hns
resulfed in n greatly reduced aceident rate and virteal elituination
of caving of stopes, :
“The ore bodies ocowr in o severely faulted zons of quarlsiie and
have been uch disturbed by later fuults. There are two types of
veina: The Dunker Hill type, which consiats of wide, irregular
masses of galena in w siderite and quartz gangie, and the Jersey
fissnre, which may range from @ few to 40 {eet in width, dip 45°
to 50°, pnd teaverss hard goartzite. In ihe Bunker Hill type, which
frrnishes 80 percenl of the ore, there iz ordinarily one i’ﬂ.iri}r well
defined wall but never two. -

The hard quarizite in which the Jersey voms oecur allows these
ore hodics fo be mined hy ent-and-fill stoping, Bguare-seh stoping
with waste filling is'employed for mining the farge, irregudar masses

C "Erawal AL 1 Mintng mothnes of 1he Baoker HILL & Sylivan Mislog and Cotendrat-
ing Cu. Fullogk, Tieho " Tal e, G407, Vnrean of Mines, 13001, O pp.
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ol Bunker Hill type ore, The ore bodies range from 300 to 1,000
feet; in lemglh and 30 to 125 feet in width. Sioping hag been con-
tinunns from the outerop, 3,800 feet above sea Javel, to the lowest
lewel {19203 400 fect above sea level and 6,000 feet down the dip.

Althongh there is seldon o delinite hanging wall, the rock over the
ore boily s considered the hanging wall. This 1z invariably heavy,
and closely filled square-sets must be employed to support it safely.
Ag rupldly as the ore is removed wuare-gets are crecled and then
lagged Lightly and Blled as soon as convendent.

nre % -
B [
™ AT AEE
T uIh £ ;Lhﬁﬁ
facin-lisulge Wasle 10K

fozt=sal it B

Irrep e 30 —Squure-ent stoning evecem, Winker HiN & Bwilitao relpe, Idphe: 4, Blopiog
hegun At hampieg wnll and voise aincted on feotweall ; &, ztopiog adeanei town il
fontmakl, rwime pn foolwall cmnpleted. abrl Taelo haniage Al wdygoeiog o feetwell;
7, «[1l floor eomplelely developed il |.|I[=ru:|£ srupr cpnnetled b rndse s fk, Jrsk 1i0E ol
ulupe BeQTEF errhigdicte] AL fentwall ynd branch valze Ivom bavlage deifd conple el

Square-seb timbers of the post-butiing fype conzist of I13-Inch
round posts, 8- by 10-inch caps, gnd 8- by 10-inch ties. The ties
are unframed, stronger than the cups, and laced parallel to the
walls with the caps at Tight angles,

Tigure 80 shows four stages In the nining. of a stope, The vein
is cut. by the crosseut from the ghatt, und g Jdvift iz run on the foot-
wall o the extremities of the ore body. When the ore widens so
that all of it cannot be included in the dritt, crosscuts ate driven
at intervals to the limits of the ore on the hewyvy hangingawvall side.

Stoping iz begu on the hanging-wall side of the vein, and the
ore 1% wzilled out on the level. 3ills covered with slabs are laid,
aned squarc-sel tinbers are placed. A nevw [oor iz bepun shove the
glll floor, the first row of square-sets ig extonded into the hanging
wall to obtain filling for the sill floor, and stoping then progresscs
townrd the footwall. A steeply arched haek it maintained ab all
tiraes. Near the center of the nre shaot a raise iz driven on the foot-
wall o the level above and when finizhed jis timbersd to provide g
waste pass and g timber pass with a manway between,
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A second drift is driven 20 or 30 feet in the foolwall and ex-
tended ag stoping progresses to provide the muin haulageway froe
the stope. Footwall branch. reises are driven from this Tmulu,;__f_mmjr
to tap the ore on the footwall side of the stope ss shown in figurs
RO, A, .

".'W:_::u the waste pass ol manway vaise have reached the level
above o conpection iz made between it wnd the hanging-wall side
of the ztope, Tlis conneetion ix timbered with a row of sguare-
sete (g 50, ), track iz laid, nid waste is drawn from the raiee and
distribuled in the siopes with hand-trammed cors. The stope is
worlced so that the highest part is opposite the raise and slopes
downward toward the ends of the stope. Waste for filling iz de-
vived from development work, supplemented when necossary by
waste from waste raises which are driven into foulted rones where
caving ean be cmploved to break ihe waste.

Direct stopany costa during 1428 wele as follows:

Rtaplng couls, .Hmaﬁ:_vsr i 6 Swellodn odne, 1928 -

Tuad ey i nat e fun
: ' oo ) ) nfare
Lahore——— e BLATT | Thmbew e 30,815
Bwpervison - o LG8 ) Qther sepplies_ o ———_ 164
Compressed  afe  drills,  fodl
L gl | Total- - - 2327

Esplesgives_ . 14

© TIRYTG ATANDARD MEN K, TUTTTIC DIATARIGL, UTAR

The major ore hodies of the Tintle Standard mine are in lime-
stone on or near its contact with faulted facee of quartzite—a firm,
hard, massive rocle® Fanbtlog has been extenzive along thess faces.
Tostmineral faulling has breceiated the ore inte fine, sandy ma-
terial, intermixed with masses of heavy lead ore, The hanging-wall
rovls are zshules and limestones. The chales have been altersd io
a soft, c];flyey maierial, and (e limestone s nliered and breeciated.
Individual ore bodies adjreent o the quartsite fault faces dip from
45° to vertienl, whereas those distant from the guartzite are tubular
replacements of flat-lving limestone beds which range from € to
200 fest in heirht,

TPwo principal cleszes of ore are mined—na high-grade lead-sitver
ore and a gilieeons «ilver ore.  Most of the ore bodies huwwve indefinite
boundaries, sod the prade diminishes graduelly around the margins,
Rapid changes from lead fo giliceous silver ore make stope control
ezsential, . .

Levels are astablished af vertical intervals of 100 feet. In I}i "Cpara-
tion for stoping » vertical square-set rasse Is driven from the ool
wall af ihe level from which the stope is te he started to the level
above. Stoping is begun from the raize, which iz used 2s g waste pass

. for fillimg the stope. Every slope {not stope section} must have at

Tansh one raise. _
The fivst stope seviion iz two or threo sets wide and extends from
the raiso to 'the hanging wall. Tt ia mimed floor by floor as high

T Wude, Jawed W Mining Muthods nnd Coate_at "fintle Btandurd Mine, TEnile THslvicd,
Clab: o Clre. g2o0, Horean of Miue, 1650, 21 pp
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s safety permits and is then filled, leaving manways on the out-
side of the section at comyenient places, These munways afford
points of attack when the next section is begun and provide means
of ncoess to any lloor of the stope.  The first scction iz comjleted
to the hanging wall, or mined eight floors high, and filled hefore the
seeond section, two sets wide, is started from the sill on one side.
While the second section iz belng filled a third is begun on-the other
gide of the first section. Dy slternating from one side to the other
and [iMing one sids whils the other is heing stoped a tepular-output
iz mainiamed from the stope. :

- After g number of sections have been ztoped u filled stops with s
vertical face of ore exists on the footwall end. This ore is mined in
the same fashiow, starting a two-set seetion from the raise and ad.
vansing up the footwall. A footwall drift from which raises are
illriven to the eighth floor affords an outiet for the ore above thia

Q01 -

Virtualiy all stopes produce three types of ore in addition to waste,
and the three types are mined and shipped separately.

Due to irregularity in ground condifions few stope scetions can be
mined floor by floor und Eﬂed. If the gronnd will nof stand while a
completa floor is mined, the practios iz varied by using vertical in-
stend of hortzontel cuts, worldng from the top down by floers or
from the top down by vertiesl euts, or vsng combinations of these
mnethods, '

Sguare-set timbers consist of 9- by 10.inch posts, 10- by 10-inch
caps, 6- by 10-inch hraces, and 6- by 10<nch sills, Caps are placed
parullel fo the feotwall with their ends against the gob of the ad-
joining section so that settling of the fll will not- discormect the
timbers pt the tenons. Before greund is remeved to make room for
a sct alony the side of a filled stope a stringee s placed apainst the
ob posts and broced diagonally. ’ o

‘Btoping vosts during November 1920 wera a5 followa:

" Divect sfaping eoyte, Tinlie Standand niine, Nieembed 1828 -
TCaat Per b alere holzted)

i Evenklng

and 1itiLe Flilkng Terinl
buerimyg .
Tk .. ) - | | om0 24
BUPBCTIALITL ;v 4o o e e e e e e L .31 L
Ceanpiressd adr, dribla, and sleal . o121 N [ il
e P [ . _AIEa
B T LiLL) I [ LAl
Ullar sungpliea, i) . Dg
N 3. a2 .3 4 oM

Muintenanes eost, reported omder mining in Information Cireular
6360, was $0,049 additional, bub probebly eniy-a srall part is charge-
nble apaingt stoping, : C .

The wage scile wus as follows: Speeidl tHimbermen, $6; special
titnbermen helpers, 35.76: timbermen, $5.60; timbermen helpers,
$5.24; miners, fﬁﬁ.ﬁﬂ; shovalers, B5; and tool nippers, $5.50,
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Labor performance in slopes was as follows: :
- M an-frurs Tnm?ﬁ?;

ﬂgmpﬂti_"n : ot 2am Teast-§
Bregking e e e LUTRE 10, 71
Tlmhering  (stoping) ] 11, 65
Timborioe (Glling) ... _____ . - 41. 85
Bhovellng (stopioghai- o 867
Ehgweling (AEOE) oo 2T 00
Goneral {stoMngy .. _____, 15 B2
Cenernl (HMNEY ——— 1u8 24

b F | S— e e e e 3. 241 2,47

Tha consumption of explesive in stopes only was 0.4184 pound
per ton of dre, of which abonl half was 25-percent and half 40-
percent pelatin dynamite. The consumption of timber in stopes
wag 19.743 board feet per ton of ore, and 4.286 hoard fewh per ton
additional were used for mine maintenance.

TRITH: YHRLE EXTHES SN MIRL, JERQAIE, ATRIS

D’Arcy * has deseribed ihe conditions and mining praciics at the
United Verde Bxtension mine.  The vre bodies oecur on the hanging-
wall gide of the Verde fanlt, which dips about 59° northeast and
his & verbical downthrow of approxinately 1LH00 feet. A large lons
of high-grale copper ore extends from a point between the 1,.200-
and 1,300-foul. luvels to the 1,500-foot level, below which it gradually
marrires On the L400-foot leael thiz lets 13 oval, with o maximum
lenpth off 500 feet and & maiimum width of 300 feet; virtnelly all
of this lens is clean, high-grade ore. The enclosing rocks nre quarts
porphyry, diorite, and greenstons, overlain by conglomerate aad
lava.

Beeansa of the heavy, maszive nuinre of the muin ore body, the

- richness of the orve, and the necessity for mining it zo that no bocks

of sulphide ore will move snd generate heat only square-sel stoping
by etopes tightly filled with wasle has been tried m the main selphide
lens. "With this' melhod eomplele extraetion of the ore has hoen
obluined with virtually no diluiion, and careful prospecting of the
wulls has vesulted in the discovery of many small, rich lenses of ore
that otherwize would Liave beon missed. :
Tevels are established at wertionl intervals of 100 feet in the main
ore body., A fypieal stope is shown in figure 51, Btope sertions
usnally are 3 sots wide in faitly solid ore apd & sets wide in hepvier
ourdd. 1t the ore is broken very badly it sumetimes I3 removed in
ghives only ene seb wide. Slices are taken 100 feet hiph, and the
length of a slice usunlly ranges from 10 to 20 'sets.  Ore chutes arce
placed in shout every fourth zet, and alternate chutes have manways
huside them, T no weight develops on the timhers after onc {loor
is removed another foor 1s mined, and sometimes several more, he-
fore filling with waste. This reduces the cost of mining, as most
of the ore tolls to the chutes end = large part of the filling ean he
run Into place biv grawity. K :
- Alter one seetion has Yb&an fimished it iz filled cutirely, exzeept for
the chutes and manways which will he required for entranee to and

Ay, Richard Lo, Aining Peactles ind 3ethods at EBe TTalted Verds 10x|anslon 3110,
Ing Lompany, Jerome, Arls, ; Inf, Cire, G230, Ligeeau of Biaey, 1030, 11 pp.
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miningr of the next section. The chules plso serve az fillholes for
running wasle'info the section. By having g fillhole in about every
gixth el und mining several floovs hefore filling little shoveling of
waste {ill is required.

AJl gtope timber is standardized. In the heavier sulphide stopes
nearly all timber is 10- by 10-inch Oregon fie, but in the lghter
ground 8- by S-inch Oregon fir is nsed,” Tn the heaviest eill-fioor
gangways all timber Js 12 by 12 inches in section. _ :

A syster hisg been emploved soecessfully for mining badly broken
pillars by stoping up through the canter with small square-set cuts,
en t¥ing across the kop with thnber sgtringers and - slicing the
sidog downward. '
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RIS TH:H 5£| — Biprne-set steplop evatern, Tiniled Verde E=xtevalen mine, Arimona.
Hloplug cosls Tor 1928 are given as follows:

SHRIY coats, L:.’ﬁ#ed Fordr Friemiion wifu.é, 025

Cinut per
. i Tae of ope
Bstrpeton_ L __ e S 3 i 1]
Rocle grllly o _____ VA 1
Captepresded wiv L _.____ e 1] <)
Wante DI e e U
DO .. LB
Effictency data during 1928 were as follows:
Eipeieneyr datey, Dwdited Verffe Belonrine mine, JBIE . o
Ore 1mined pet stope-shift___ — ] toma__ 4,54
Mon-houra Der ton In elepes______ .. ____ 1.¢&n
Mine tlmbers and handling cost per. TO00 boaed frebo O .cue $36, 324
Mine tinbers and hamiling cost per bon 6 ove_ .. e ROLGT
" Mine ti::qbu:ra - " ceaonrd oo perton__ 18, 53
Dowrder I KLopes_ . e . ____pwmEndperton__ L 30

Fpee in stopes_ —ofeotpor lpn—— 1, 8
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EMILE #MENK GL.MMAK, COLO,

The use of squere-sct aisles along each side of ciit-and-hll stopes and
ol square-set stuping for mining the weak ore et the top of the ore
bodies, as deseribed by Borcherdt, has been referred to under Cut-
and-Till Stoping, - S

" The bianket ore body directly under the capping snd pyritic chim-
nevs are nHnod by sguare-zetting. In the flat deposit stopes are fald
ot in checkerboard fashion. Individual stopes range from 8 by 5 te
4 by 6 scts in floor area and from 3 o0 § sefs in height. They arg
filled from waite rajses in the haele

.The pyritic ore of the chimney ore bodies is too heavy and weak

b stand unsupported over mors than 10 or 12 feet, and usually it

is cemueqted so poorly thut timber sets muet be placed as zoon az
rinym is available for them. In some placea the pyrite iz In the
form of unconcolidated sand, and underhand mining is the only
wnethod practicakle, In the best mineralized ‘areas the oae iz 100 to
185 feat thick, Stopes are carried 2 sets wide and from 5§ to 10 sets
long and from the hase to the fop of the ore. The climneys wre
mined by vertieal sHees. The following is taken from Borcherdt's

Hammasion :

A fwa-zet ralse through the orc 1o (he initint slop in stabe Deeparation, Thiz
raisg eonnects wWith & flling frytisfer levet alvwye and will an cEtraetion eross-
ol Tl Oae oonparkanend. 33 aged o an pee chiote and waste puse and the
nther for o mAnway, pipe e, and maderiate. Owerhand square=scl stopes ave

dlarted ai be base of the ove or o the geernd sab ghove the drawiog level,

whers the hage of the ove dropy below this Bvel. It the ore hack iz swilfieicntly
g, as many g Ave tlerz of sore will e placed bofore fildng is inlrodueed,
and mueh of The ore wil he hroken onbe slWdoz fo diteet 1 00 he chuale. In
weaker. geaund no more thon w0 tiecs are kepl open. . Tlue stope 18 LGlled o
withln poe pet of the boek, and q one-get ¢ot i then made, after which the
siopo 1z agala f1led to the base of the Grmer sefa.

Agihe slopes ave smaall, GllEag awd hresking are wol enrried on piranltanegusiy
but in rofglion, Btopes fre aeeed hoth inside and ogtside of the sety, the inslije
lupEing retaloing the §ill. Broken e g used o 811 the spoce bebween the ot
#lln lagping anid the =tnoding wall, thns proveating apallihe of tha are wall
ami lovsening of the Mockingz,  The potalile 1agedng aned this -broken ove paclk
are recgvered In mining the wiljacent stope.  Much of the ore body i 20 Iooss
thut it muet be worloed down from the top, volechand zguonre-recting heing
etmploped in snall rectangnlor Mocks, Korineally, sévernl tiers of sote are plaoed
hefore waske filling s inlroduced. Oconsiona DT, -however, the sfope iz flod
after eaeh glive, Aa undechand or overlutud gtopes oo caompletel, the rolse is

cexbenited, b the depth of fan sels, ihig the ore that 13 t0 be mined oext, This

extenzion or “wiog ! Fomng lhe exteacdion raize for the now =topc adigcent
te that worked ont.  The origindl two-eet raize of the completed stope iz Glled

©with waste and ahandoneel. -

-Waste for flling von-ore stopes comes Teom devalopoenl ynd gopeenl caving
wlationd.,  Coving from e back above 3opes is oot practloed in thie chimoey
nread  The general caving stalinmg ace puaeed io the porphgey and ehals of ge
capping, Whore the capplng e good cavinge grovnd, a vwecompollment ver-

cbiond vaige 1 driven BB feer above the draavitng level A J41° inrlined rRize {=

iten driven fTom the vertical rilse oto tle cipplng and branched, nod zhoek
deiflg aro (urned off. The ground 19 eovedrilled wilth foincsd-vml drills, god
the holes are Desvily loadomd and hlasted simclinoeonsly. Too gl caviog
ground this iz sufluient to stadt the cuvivng,. Where the copping is firmer, 1he
hack has to be nnderor: for ¢ width of G0 (o 80 Ceet by shrinknpe stoping before
the desived self-gaving will start,

Data were given on nine eut-and-fill stopes in the section under

‘Uht-and-Fill §t01}ing+ Bimilar figures follow on 11 sguare-sel stopes

in b ore.
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Dt om 11 eguare-aci atopes, Haple m{:u:e

Croductlon por machineman shlfe . tona_. 5.7
Preouielion per timberman shifle. o 1kE
Yrmlnction per muelker ghif - - o 1% 3
Produection per fll-lahee shire .o ... 36,1
Croduclion per man-shift, all stope abor .. _____ do___— 4.t
" Titalier wr ton OF ore_.. e Zbia ] fed__ 100
"Towiler per Lon of ove____ i SR 11411 1 T

Cornparison of these figures with those for cut-and-fill stopes shiows
- that production per man-shift Lor all classes of sope Iubor was less
in sguare-get stopes than in cuteand-fill stopes, nguctlnn e man-
shift, all stope lubor, was 6.4 tons in cut-an] il stopes eompared with
4,04 lons in square-set stopes. Timber eonsumption per tor in cut-
and-fill stopes was a trifle more then half that in square-set slopes.

RRCOYERY OF MLLARY T SUTARE-SETTIN G

Pillars left betwoen Allod stopes usuully have tuken weight before
ihey can be mined, In some instances they are completely crushed,
Most pillars between finished sfopes are mined by taking vertical
sliees; if the pillars arve badly crushed vertical lices comprisine only
a Tow sets each are mined downward, as al the Tnited Verda Exton.
sion, Crown or level pillars muy be mined cither by inclined or
vertical sections. At the Homaestake mine 60-foot shrinkage stopes
are talien across wide org bedies, lepving 40-foot pillars betwean each
pair of stopes; @5-font erowa pillaes are also left at the top of the
shrinkage stopes imimediately below the level above. These pillars
are tieed by squaresetting.  The method is deseribed in the section
utt Shrinkage Stoping. .

T'RETTI0y YHEDE HI:\'}(-, .:rlmr)]'.:'}'., AHTE,

Az gtated nnder cut-amd-Bl stoping 27 percent of the ore stoped in
the United Verde mine during 1982 ewme from spuare-sef stopes.

Hgurrc-set stoping iz employed for extracting the vertical pillars
belween completed cub-and-fill stopez and for mining crown pillars
gt the top of eot-andill stopes ; the method is cmployed alse in some
rections in the muin stopes where the ground is heavy, In the vertical
pillarvs, which ara 30 or 40 feet wide, lhe sguarc-set sactions are
necessarily small, rarely exeeeding 83 sets in area, whereas in the
main stopes there may be ns many as 250 sets on a floor.  Sels are
B feet 6 Inches :-:qnurn::_{ry T feet 2 inches high. The nanal sguare-set-
and-fill practice is followed in horizontal squars.seiting, l';qNo MUre
than lLwe floors are opened ab a time, und flling is kept as closs asz
poseible behind the shovelers, Arn inclined syuare-sét system s 1y
prineipalty for mining level pillars. An inelined stope is begun
Irom a raise in the center, nsually by taking out four rows of sets
on Ghe second floor and two on the third floor before any filling -is
introduced. After the incline is established stoping is begun on each
new el ab the hottom and progresses vpward to the crest of the stope,
The main advantages of the inclined system are that it increases tho
rate of output from s given area at o lower evst per ton and that
thero is less weight on'the brow than with horizontal stoping. -
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Lahor performed in square-sct slopes is given by Quale az follows:
Mas-honry oty plaprd

e tos o TET TRAR-
. At BEAEI rifE
Dreakleg o (BB B9
Bhavellng__________ . - : —— .87 ChE
Timbering and AL~ @ oo oo oo e e L0 i3.2
Talal S .3 § L

AUMMARY OF BUARF-HICY BTOFTRG

1. A pplicedility —Square-get stoping s applicable to the mining
of ore deposits of all sizes, shapes, dips, aml degrees of irregularity,
where the ore and walls are too weak to stend unsupported even over
sinall spang for more than 2 very short fime and whers it 12 necessary
to prevent eaving and sobsidence of the overlying and smreunding
ground. It iz applied best to the mining of 1ig%-gmcle ore where
complete extraction of the are body i desirable. The method selidom
ie used today unless the pround is so weak that the stopes must be
filled as well as fimbered, cither along with the stoping or shortly
after relatively small #lices of gronnd are remaved. _ )

9, Flepibility—Hquere-set. stoping is very flexible and permils
following stringors and offshoots from the main ore bedy and mining
Trregular lobes and paiches of ore with minbnum dilution by waste
and losa of ore. DBands or irregular mclusions of waste can he Ieft in
place, if large encugh, or brolen wnd the wazte soried out from the
ore and gobbed in t%a stope. The method ean he adapted to sudden
changas in dip of the deposit and o Following simosifies or abrupt
offsets slong the strike and dip. _ _

Square-sel. stoping wveually 1z done overhand (from the hottom
upwaerd} but alse may be employed for mining from the level down-
ward {nnderhend sguare-setiing). It can be, and frequently is,
employed us en auxiliaey wmethod with other methods of steping;
it mey be a regular part of the stoping system in combination with
othier ethods or be introduced here and there to meef loewl comii-
tions reqoiring its vee in paris of stopes mined by other moihods,
Az in ent-and-fill stoping the rate of production in a riven slope is
restricted, partficularly in amall ore bodices, and cach face ig Timited
in the amount of ore it can contribute per day due to the nocessity
of breaking only a limited smount of ground at o time aod timberiog
thiz hefora the next round is broken. The ore is remaoved s fost us
it is brolean ; therefore a large amount of cepital need not be tied up
in broken ore lying in the stopes. - -

8. Becovery—The method commends itself beeause o high per.
centage of the fotal ore in the deposit can be recovered, especially
where the ore is high in grade and the cost of recovery iz secondary
to completo extruchion—in ohey words, where the volue of the ore
far exceeds the ocost of recovering it By square-selting and close
filling, high-grade sections of am ore body helow or adjacent to
lower-grade ore often ean be mincd, as at the Bawdwin mine, with-
umt disturbing and inereasing the diffienlty of extracting the lower-

0 This ¢ompnrea witly BT tons per mop-abift in oct-and-fil ntm:lin%'. Choneumotioh of
exploelres wos O.00 pund per ton of ofe Al of tholer 081 Teard oot poe 1o,
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grade ore =k soe futurs fime. Such lower-grude mukerial, which
may not be mined preflitubly during the earlier life of the property,
thus tawy bo preserved as g reserve for the future, when improve-
ments in mining, ore dressing, or metellurgics] techuology or mors
fuvorable market conilitions may make it sztraction profitable.

4. Development~—Development in prepavation for square-set stop-
ing—that is, stope development—is comparntivel simp]le buf usmally
requires uh Ienst ome thraugh-raise ko the level shove for cach stope
or stope seetion to introduce waste filling, to Improve ventilation in
the ziope, aod fo afford a means for lowoering timbers and supplies
to the stopes inatead of hoisting them wp from below. Where ore
bodies ure large and the giound is strong encugh to permit large
stopes to be mined ihe amount of raising required por ton of ore
ey be emalls In very weuk ground, where it iz necessary to stope
smull scetions at a time and euch seetion réquires a through-raise in
advanee of stoping, the ratin of ruise fostage to tons mined is high.
No figures are available oo the footage 0% stope developént, ax
distingnished frem and segrepated from totdl developmient per ton
stoped in square-set mining,  However, simple eoleutations show that
the ratio of stope-development footage to tons mined muy vary
widely. Thus, in a vein 95 fest wide, in hewvy pround roquiring
mining by a series of transverse stopes 20 feel wide with a vwasle:
fill valze Tor ench 20-foot stope, about 80 to 45 tong of ord would be
mined per foot of raise development. If one raize would'do for each
pair of stopes the quantity mined would he 66 or 70 tors.” Oun the
other imndl where a zingle ralse serves w stope 100 feef long by 30
Feet, wice about 400 tons of ore-would be minad per foot of Taise
development. With réspect to ratie of stope development to ore
wined, square-set stoping eomperes favorably with other stoping
miethoda, : : ' ' oo

b, Coat of sguare-set stoping.~—Stoping costs nt » mumbet of mines
employing square-sel stoping are shown in buble 14, The mines
ligted ars all in ore bodies of wood stoping widtly, and most of them
are-in what would ordinarily bo clu&aeﬁ az wide ore bodies,  Hiopingy
costs in table 14 should be compared with thosé in tables 7 wud 14
for shrinkege stoping and ent-end-fill stoping at mines working in
deposits of similar width., In fable 14 1% should be 'naoted thut {1}
the Argonaut mine i in heavier ground and narréwer ore thun’ Lhe
sther mines; %2} congiderabls snrting {20 percent) iz requirved in the
stopes at the Pecos mine which increnses thi eost; {2)'at the Tintir
- Standard mine virloally all stopes producs three different types of
are besides waste, necessitating selective Lrealking and sorting which

meli] up{pt‘cci&blg to the stoping cost; and heivy ground and settling
C

H1I ndd to the trmbering costs (4) ab the Silver King Coalition mine
15 to 20 percent-of the gronnd broken is sorted out uhderground gnd
roturned to the stopes as wusts for dllimg; and  (5) lgbor - at the
Bawdwin mine {s cheap-coolie Iabor with European supervision, and
ather eonditions are quite dilteveni: from those at Amerlcan mires.

"Pable 15 sommarizes data on man-hoirs per ton in stoping opiras
tions, and tables 16 and 17 pive, respectively, axplosives and timber
eonsumption per ton mined at several mines employing square-seé
stopng. :
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1 Agarirn-sk stopes only.

ALANTAIMA . e HGUARE-EET  SToviKg

The advantages of square-set stoping are summarized as follows:

1. Weak ore with weak wallz can be mived withoul resulbant
caying and subsidence of the overlying and surrounding vocls.

2, The method i5 flexible and can be employed on all dips In large
or smadl ore bodics, Irregularities in the ore bodies can be followed
and mined, and waste ioclustonz can be left In place or sorted oul
and wsed for filling in the stopes.

3. High perogntage of extraction and clean ore toay be ohtained.

NISADVAN TAQES OF BOQUARE-SET ETORINT

The disadvantages of squave-set stoping are summarized s
follows: ’ '

. _Sq};mre—sat stoping is o high:cost method and therefors is not
spplicable to low-grade ore which will not stand a high stoping cost.

£ 1t 1s o slow method of gtoping. apd production cannot be forced
to any extent. Blow working reselts in o long life for individual
stopes which gives time for development of pressure, air slacking,
and attendant Jifficnltics, '

3. Handling large quentities of timber and waste filling compli- -
cates and 1neresses the costs of anderground transportation, '

L83 —3T——15
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f, The aceldent rate for square-cef stoping 1s highar than for any
ather method of stoping. This is doubiless due partly bo the fact
that ii; Iz employed 0 bad ground but alse to the necessity of han-
Jling lieavy timbers and using sharp tools. .

5. Thea large amount; of timber presents a distinet fire hazard.

BLOCE CAVING

In the Mock-caving method of wmining puwinral forees ars utilizwl
ti the highest degree in breaking the ore, fillinge the mine oponuyes,
and transferring the broken ore to the haulume Tevels, The sublovel-
caving and top-slicing mothods utilize these forces to a smaller de-
gres gad are lntermediate between the supported-stope mining meth-
ods and the bloclt-caving method. For this reasoen 16 might be logieal
tor diseuss top slicing und sublevel eaving [irst and conchade with a
diseussion of block caving, On the other hand, block saving wn-
bodisy most perfectly wnd completely the principles of mining by
eaving and is the method thal comes to mind first when caving
-metheds are mentionsed. '

Block eaving is applicalle to the mining of deposits of consider-
alle vertical height and horizonial area which will readily cave when
the support is removed by andercutting aid which after caving will
break fine enongh to paszs through the extraction Taizes es the caved
mngs Iz drawn downward, -This condition securs when the are body
is trpvursed by closely spaced seams, Iracture and joint planes, or
invisible planes of wealnuss, which frend in several dircetions or
which ocenr in two or more systems of such planes.  Howover, if the
ore pucks congiderably atter Treaking up, results may be unsabisfac.
tory. Bleck caving iz useil principally in mining low-gewnde oves,
where the taevitable loss of some of the ore and some dilution with
capping and wall rock ace not serions objections. The adaplation of
Hock caving to the mininge of lurge, low-grade, so-celled © porphyry-
coppar ? deposits marked a distinet deparfure from previels con-
ceptions of mining by small-seale selective melhods amd toward
tho wholessle extraction of minerai-bearing rock hy nonselective
methnds, ' . . :

Mthough blocle enving has been perfected at the porphyry-copper
mines ik had previously been employéed elsewhers. 1The authors are
unabfe to state where it was used first, but. it was empleyed in Michi-
wall jron mines several vears hofore it was introduced at western eop-
per mines. The eaving system was used at an early date in the
Kimberiey (Sonth Afriea) mines by Charles Henmoten 2

WMICHIGAN TRON MIKER

Figare 52 shows the details of one of the earlicat block-caving sys-
tems nsed in Michigan. The deposil was divided inlo blocks 200
fuel long.,  Dnifts -4 were 1un 20 to 40 fodt ook in the hanging
wall and paraile] thereto on leveis whout 100 fect apart vertieally.
After all the ore above the upper level had been worled ont and

* fennlrgs, Svidner J., Diterssion of Lndgrgeonnl Minlog Syaems ; 'mns. Am, Inat
Mia nad Riel, omg, wel. 52, 145, p. 428 e ey e



IT30UESI0N OF TTPILEENT STORTHE METHIDS My

the surface caved thersio, crossdrifts B—F were driven to the
footwall and raises Z-0) run nearly to the levcl above. The tops of
these raises were connecled hy dritt £ and the cntire sHee bounded
by the dotied lines was stoped: out to detach the block on cach eud.
Durings these operations dmfts @ wers run to the Tootwnll; leaving
pillarg ¥-& between them.  From: the footwall these pillars gradn-
ally wers slabbed back toward the main drift and finally drilled wnd
blasted simultancously,  After 3 to 12 months the ore block caved,

H’ .
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Two of the crossdrifts ¢ were then renpened by forepoling and
ponnested by u drift, &, patallel ti und near the foolwall, ~ From the
Iuticr, crossdrifts X-Y were opened to the footwall on 20-Foot cen-
ters,  The caved vre slid duwn the footwall into these dritts and
wis ghoveled Into ents, When all the ors that would cave had been
cleaned out another drift wasz opened parallel to the footwall and
Tarthor. back . toward the hanging wall, wnd the operatiom wag re-
peatec, This method was applicable to hard ore only.

The eaving system al the Pewsbie mine on the Menomines range
has been deseribed by Wilson 2 and Myerst® :

The following is abstracted from Myers’ diseussion: The block-
vaving system wag used in a block of ore about 250 feet wide that
stunds nearly verileal hotween glate walls which are wpiform in
strike and dip. A horizonbal sandstone eapping 100 feet ihick over-
lies the ore formulion and forman, gtrong wreh over it
- Develupment of o blovke for eaving conaisis of dreiving foolwall
and hanging-wali drifts the length of the bloels, which 3z about 250
fest square. Crossents and drifts are driven novth from the hang-

u mﬁiﬂf L) Cavlng Hpestews of Minlog b Amevles @ Eng, awl Min, Jour, vol. 94,
1L, p, 24B. . b

% ifyert, A. 1., Ty BladkAvine Specem Used L Lhe Pewabie Ming: Proc. Lake Buperiar
A, Tosr, wol, 20, 191617, pn. HA—itR, .
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ingr-wall drift and esat Lrom the main crosseuts, Stopes are then
bigrun, above the foolwall drift and the erosscut st the west end of
the bloek, and a back pillar & feet thick is left above the drift and
crossout to hold the broken ave on which the men work while they

" are raising the stopes. Raisex are put through the hack pillars on

M-foot centers for ore passes and manways. The stopes are raissd
io within 20 fewt of the level above, and the pillars above the drift
wnd ernszent are blasted out. The broken ore then is cleaned from
the stopes, leaving a bluck of ore 250 fuet sguare and 100 to 125 feet
high ent off en all huf the hanging-wall side and standing on solid
illars 22 foul square. Meanwhile, o main hanlage drift has heen
Er-ivﬁu in the hanging-wull slate about 40 feet from the ore. {Bee
ig. 58.)
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The pillars are then weakened by drilling and blasting ofl the
corlerz ; some of Che piilars will erush when 6 feel in diameter, and
others moust be bissted out entirely. This weslkening of the pillars
is begun an the side of the block farthest from the main haulage
drift and proceeds until the width of the formation is envered. 'T'he
block when down hag dropped about 8 fect wnd has broken finely
encugh to he shoveled mto cars.

Meanwhile crossents have heen driven feom the main hanlageway
on Bi-foot centers to the hanging wall of the bleclk, and fimbered
drifts then are forepoled through the broken ore to the foutwall
side where drifts are driven off af right sngles. Drawing of the ore
is begun here and eontitmed at one poink until the spndstone or
sirface eapping moving with the ore makes it teo low in ivon con-
tent, Drawing then proceeds baekward toward the haulage drilt
until all the ore is cxivacted. Only enongh erosscuts are driven to
sup?]y the required output, thus enly a small portien of the eaved
bloclz iz supported on timbers at one thne.
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The svatem at the Tobin mine differed in that the stope [oor
was begun ubowe the haulags level. The following is abatracted
froin Roberts's discessien,

The levels ot the Tohin mine ure 193 feel wpart vertically, and
the main haulage drift Tollows the hanging wall closely.

In the block o he caved parallel crossewts 24 feet from cenfer
to celiber are driven from the main drift and ss nearly a3 possible
at right angles thereto. Theze are driven to the fooiwall, where
ihey are comnncted by a gnall drifl for ventilation. Chute raises are
. put up along the crosscats alternately on the right wnd laft sides
ab intervals of 16 fect to n sublevel 23 feut above.  {Seo fim. 54, 43
Cu the sublevel a drift iz run parallel to and about 15 Loet from
the hanging wall the entive length of the block, From this -drift
crossents are driven to the footwall direetly a2bove the erosseuts on
the haulage lovel. Opposite eaclt vroseeut on the sublevel a ralze
inclimed 45° is put up from the subdvift to the hanging wall so as
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to leave pdditional bael above the main hanlage dvifs, The oross-
cuta oh Lha sublevel wre conuected every 15 fect by deifts over the
lineg of chute raises, leaving pillara about 10 by 16 fept.  (See fig,
4, B.) These pillars are slabbed and then drilled and bl&steﬁ._
hegﬁnnmg at the pillars farthest from the manway, Holes alwo are
Lingted arownd the fops of the raises Lo funnel them eul.

The ground must be wealoned at fhe ends of the block sn (hat
Cit will eave square with the pilizr: Raises are put up from. the
end crosseuts al varying intervals and connected by erosscits 25 and
) feok mbove the sublevel. After all nocessary rvalsing, drifting,
and crosseutting have beén completed the heles 0 the anblevel pii-
lars wre hlasted simultaneonsly, underentting the ontire block, which
setdies down and breaks so that it can be Jdrawn through the fun-
neled raizes with oniy octusional blasting of masses that Iodge in
the chules. The caved ore 1s drawn wniformly thronghont so that
it will aetile down evenly and prevent exeessive dilution of the ore
with euved waste rock from ihe lavel above.

Roberts stated in Ris witele that “for this method of han-
dling the block-caving system, as far as known to ng, we are e
origmators.”

¥ Robesta, 1red O, Blogk Cuvlog and Gulstope Bysleg at the Telln Mine, Cryatal Taily,
Mich. : L'vow, Lake Superior Mintng Inet., wol. 16, 1011, pp. 218220,
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WESTHEN COFTER MINLg _

The first application of Block caving to the mining of copper
are waz in 19086 ot the Ohio Copper mine at Bingham, Titah. Ak
this time a ehule-caving method was being wsed ub the Ttah Coypper
maing, bul it was consiclernd that conirel of the movement of the
hreken ove waz not pesitive cnongh for the systemn o be applicable
Lir the Ohio Copper ore hody.

A block-caving method using branched raises adapted from the
procties at the Uhio Copper mine was installed at the Insplration
Copper o, n 1911, Cl;ntampornneﬂus with the work heing dene
at the Tnspization mine sporations were berun at the Ry mine, now
belouging 1o the Nevwle Comsolidated Copper Co. The original
method .ot Koy consisted of mining shrinkpge stopes to- the over-
turden above the are, leaving alternate pillars which were eut off
ab the bottom and caved aftur the shrinkage stopes were completed.
Both the shrinkags and pillar stopes were drawn st the same time. .
The present pinctice = an inprovement ot Lhis first melhod.

Later the Minmi Copper Co. adopted o caving method eimilar
to thal in vwse 2t the adjeining Inspiration properby. The Nevada
Conzolidated introdaced a caving method for mining the Buth ore
body at Teuth, Ner,, in 1414, Begimming in 1493 the %"fm'cz:mi branch
of the Phelps Dadge Corporation developed w eaving system for
tnining w Jarge body of lowgrade ore ab Movenwl. The Copyper
Queen hranch of the Phelps ]_%I;lge Corporation began mining lovw-
rrade ore bodies by o cwving system in 1825, The Andes Copper

0. began mining by o caving system in 1926 and the Consoliduted
Coiper mings in 1998,

A block-caving systemn hiag been gradually evelved from shrink-
age and pillar caving at the Braden mine, Hewell, Chils; the
cogl: of stoping by thia chaoge has been veduced from 43.4 to 208
cents per ton,  In 1932, 85 pereenf of the productien of the mine
wiis from blocde coving, The methed used at Draden more nearly

. eorregponds to block caving in the iron mines than in the western

COpper s, _

The block-caving method is used for mining molybdenum ore at -
the COlimax mine, Climax, Colo.; this has been evolved from a
shrinkage and pillar eaving meihod described under the section on
Shrinkage Stoping: eaving of the initial bleck in & new ssetion is
iudllcedﬁ}y blasting,

Block caving has heen successtully adapted to mining Foeely Hme-
atonia at the Crestmore mine of ihe Biverside Cement Co, The
method was cvolved from the Inspiration and Way syotems. The
draw poants arve srranged ab Crestmore to permit the coarse ma-
lerial eoming to the grizslics to be readily blockholsd. Tntil this
development it was not considered practics] to mine a muterial that
broke s6 conmsely by a cuving method,

Although the general principles are the same the methods used
at the important mines ][m‘m been cvolved to fit perticnlar condi-

tions,  Conzidersbl: variation exists in the manner of accomplishing

the desred results, . .
The undercut block-vaving method is characterized by an inten-
sive production of ore from 2 relafively small srea which permits
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standardization of pearly all operstions and efficient working of
the mine, The pringipal improvement in the method, which has had
tha greatest influcnee in reducing mining costs, hes been the pro-
grosgive inerease jn the height of the bloeks fram the Imitisl 3Q
foet, at the Ohio Coprer o over 300 feet af some of the modern
nrines.

Operations in modern vopper mines nsing o block-caving method
of mining are conducted on three levels—the lovel on which the ore
iz undercut, the grizasly level on which fhe ore is drawn from the
:-;]fj-crpe&, and the hanlagre level o which the are is fransported to the
shaft.

The ore from the grizelies is dropped through o regular systom
of raises, uzually but not alwuys branched, to the hanlage level,

Caving is induced by undercutting supplemented by elther eutting
off the block entively ITrom the surrounding ground or wenkening il
wlong its bontdaries (usnally the latter) to assist the caving action
ond confine i fo the block wined.

The ore is drawn through openings oniformly spaesd below the
block. For perfect drawing the draw points should be spaced closely
and regularly, but s compromise must be made between clost spac-
inge, which fnecreases ore recovelry wnd reduces dilution, and wider
gpacing, with resnlting weonomy in preperalory costa and operat-
ing repairs. The character of the ground s the eontrolling factor
in drawing practice. )

“Tu the original Ingpiration ore body amd at the Minmi and Ruth
mines the ore breaks finely and ténds to pacl and, when drawn, pipes
vertically, with lntle spreed beyond the draw pointa. This condi-
tion makesz it lecessary to apace the draw polurs ax close together
az economy and the necessity for maintaining sapporting pillars will
permit, At Morenci, Raw and the Copper Queen, where tlhe ore iz
eoarset 2nd Darder, the draw points ave larger and spaced farthor
A

I;-". fter undarewibing the vre is drawn slowly ot fivst, nntfl i begins
to cave freel? and allerward ab the rate thet best sits the nature
of the gronnd und the requiremnents for ore. Whatever the rata
of drawing it should be continvous te aveld packing of the ore.
Tha ore should be drawn unifermly, particularly during the carly
shages of fhe operntion, ko assure n satlsfactoTy recovery, The con-
tact between the ore and the broken overlying capping should be
un evah plane, whether horizontal or inelined. I the enrly druw-
ing 1z not done wniformly the mass of ore may eave along somn
plane of weaslmess, cansingr chimneys or cavibies that maey extend

- into the capping and allow it o mix with the ore.  After {he muin

mass of ore hag been thoroughly broken and ihe blocle has eaved
to the surface, the result of ﬁlimeqﬂemu irregninr drawing s not
ag seriong az it would Iuve been sarlier.

Diilution is caused by the irremular movement of ore and eipping
towurd the drawing peints forming pipes of waste, which may reach
i deaw point In advance of the top boundary of the ore, or by waste

~ heing deawm in from the sides or ends of a block, Dilution may

also be cansed by the geperal infiltration of fine capping down
throngh coarsely broken ore. Moreover, in all caving there is o
gradual mixing of the ore and capping as the gre is denwn down,



24 STOPING METHODS AKD 0usTR

I properly deawn a large part of the ore comes to the chufes clean,
Afeer diligion staris ihe propmetion of waste inceeazes und that of
the ore docreases. -

T minipg a bicck of ore by 4 caving wethod three things must
be constantly watehed and eonbrobled. )

1. The mining must be done in such a manner that excessive
woight does net dovelop on the grimsly level. Thiz iz proerally
controlled by the rate at which the ore iz pulled.

&, The ore shondd be broken snficiently in caving to be handled
subsernent]ly without further brewldng,  As a rule, the slower the
drawing rate the more the ore is broken; also the slower the draw. -
ing rale the more weight s likely to dew.]u{} on the grizaly level.
Generally o balance is mintained between the two to gel o maxi-
mum efliciency. '

5. The ore must be drawn n such o manner as {0 get o maximum
recovery and minimaur dilotion with waske.

The point ot which drawing of s block ceases depends upon the
mininwn grads of ery that can be handled and wpon the value of ore
thut yields the best financial returns.  If the plant eapucity is large,
drawing muy contiune until uear the point of no prefit. T naf,
to obtain adequate profits drwwing must be stopped soom afboer
dilution 2ppears. 'The method is clastic in that by the sacrifice, for
example, of 13 or 20 pereent of the ore, the grade can b maintained
at vory hearly it= originul figure,

ATl phases of undercut block caving arve interrelated,. The devel-
opment. Worldngs are lnid out as & whele; changes in one set of
worlkings must be et by corresponding changes in others,

Htopns usnally ave undercut either by runnirtﬁ‘ . checkerbosard
gysten of drifts and crosseats and Blasking the pillers or by belling
out the fnger valses to intersect, or by a combinatien of both meth-
ods. At Ray the cut-oll workings consist of o series of low stweinkace
stopes with pillars between; Lhe cuf-off is completed by blasting
the pillars.  In herd ore a gyslem that will insure & complete nndor-
cul should be used; otherwise the back muy not cave, Moreover,
a sioall ares of unbrolen orve under & stope may transmit excossive
pressure from the broken ote o the worldngs helow,

The prinecipal vuriation in the application of the method iz in the
maoncr of underentting the blocks, Considersble variation also
exists n the mn:thnlif. of wuenkening the boundaries: in some eusg,
expecially for the mitial Yloclk in hard ground, the block Iz entively
cut off by narrow shrinkage stopes

Gardner has recently discussed Dblock eaving as it is practiced m
the copper mines of the Western Btates.tt . His sdiscussion covers
various aspeets of block vaving including geclogical factors aftect-
ng the ¥I'ﬂcﬁﬂﬂbi]lt§ of the caving syslem, surfave subsidence, prin-
umples of mining bv the hleck-caving method, mechanics of caving,
gize of blocks wnd panels, developmenl for bloek caving, methods of
ponfining stopes to predelermined houndaries, methods of under-
cutting, drawing practice, ore recovery end dilution, and costs
The reader is referred to this for certain details of hlock cawing

W opedner, WO, Undewveyt T3ock Covite Metbod of Mining In Weslern Coppec 3Dy
Inf, Clre, 0350, Burewn of Eines, 1950, 42 pp,
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which are not covered by the method of treatment employed in the
vesent bulietin,  Mitke '* has discossed the eaving method 10 zeveral

) 11n¥m'tﬂnt articles,

he deseriptions of the Following mines illostrole the methed,
with the principal variations.

OHI (OPPER MIHE, HIMULIAM, TTARL

The method cinployed at the Ohio Copper mine was deseribed in
1914 by Allen® “Although in this methad sublevels were used for
development, undercutting, und drawing the caved ore, it differed
from previous sublevel-eaving mcthods and from the method nerw
termed the ® subleyd method? The ore was eaved in blocks of amall
Leirht compared to those now ewved In a single 1ift, The ore body
was o mass of shattered quarfxile conteining copper sulphides dis-
semitiated throughout, .Htl% the wallz were of the same fnrmation.
It was opened for a width of 400 feet, w length of 450 feet, and o
depth of 1200 feat and dipped at an angle of 50°.

Tho different levels were openad by drilts and erosscuts cutting
the are up infe hiocls 200 feet square. Befween the main levels, on
sublevels ] fect apart vertically, they were subdivided inte bleeks
approximutely 30 by 50 hy 26 feet. The finger raizes radipted from
the vortical raises. The sublevels were hiasted down from the tops of
thess raisus, the ove falling into the chntes ynd thence io the hanlage
lavel via the raize system, The top aublevel was mined dirst, then
snecessively lower sublevels were mined and caved.

During Oetober 1911, 56,211 tons were mined at an opornting cost
of 28.06 eents per ton, including development and equipment expense,
or 21,97 eents per ton for actual mining. If the enfire working forca
of 110 men is considered as producing orve, 17 fong were deliverad to
the bins per man per day. Tf the men engaped in the aetual breaking

of ore only are constdered the anfput was 63 {ons per man per day,

Iy April 1818 the cost, including development and equipment, was
320 ponty per ton, '

LAY MIKTH, BAY, ATTE

. The methwls employed at Ray in 18929 have been deseribed by
Themas'™ The ore body is irregular both in plan sngd section and
ocomes in the form of two fiat lobes, The muin axis i 7,000 fest long,
and the average width iz 1,400 fect, The ore body 15 44 to 408 feet
thick und averages 120 feef. It Is aundulating bot bas o general dip
of a,EfJ_:_':uf. 10 pereent. The eapping i 40 to 600 feet thick, averaging
250 feet.

A system of wajor faults with considerable fanlt breecin extends
through the ore body.  Another major fault uns at rght angles to

® pfitke, Charles A, Comparigon of Ereoeh Itnise and Corbived Sheinkuma snd Coving
Methoda @ Teeh., 1an, 186G, Am. Ingl, Min, and Mer, Tme, 19238, 11 pp,p Oaving Methods 10
Genperal; by, und Min. Jeor., vel. 1EB, Mar, 8, 1928 ppo. 2RL-56 + Cuvilar witl Eranch
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thiz gystom near the west end, snd & noinber of minor faults ccour.
The ore i3 a mineralized quartz-sericite schist, with subordivate
quantities of porphyry, which, bowever, are mostly outside the ove
gone, Several setz of planes of wealmess cocur, the most proneunced
generully being with the schisiesity. A second set rins at right
angles io the schistosity wwl parallels its strike,  Otheys 1un o dif-
ferent directions. '

As a rule the ore breales coarse, bot in some places it breaks gquide
readily. As it falls into the caves it breaks 1n larger hlocks than
ab sk mines that employ the eaving system.  Parts of the ore body
which confuin a lavpe propertion of scrivite esve veadily, but the
ura s ﬂ,gt. to peeelt IF not drawn immediately and continuousky atter
it iz uncereut.  In guch pround preliminary development must b
well li]n advance of mining to allow the ore to dry out as much as
possthle,

Four variations of the caving svstem are used at Ray—the hand-
tramming method, meotor method, modilied-motor method, and sub-
baw] mophedd. Thisy variabons differ mainly in the position of the
hanlage level below the bottom of the ore-wnd in the method of
handling the brolen ore and are detormined by the heipht of the
ore abovo the huwlage level and its thickness.  There iz no essentinl
difference in the aetoal stoping of the ore, hot preliminary develop-
ment. differs in each system. The sublevel system iz preferred and
iz msed in all types of grond where the ore above the haulage level
1e 150 feet 01 more thick

The original system, as adapled from that jn the Boston mine,
coneisted esmentinlly ol nlternate shrinkage stopes wnd pillave. Al
stopes were corried up to the capping, and tI.he pillars then wers
cul off &t the hase ond eaved. The Shl*in'kage gtopes wore on 258-Toot
centers and driven pg wide ag ground conditions would permit

- The following description appliss to the subleve] spstem, which
iz used where possible, A paned 200 foet wide wsnally is developed
by four nmwtor-hanlaee drifts on 50-foob centers and 40 fect below
t-lza orizaly lovel. {See fip. 55.) These drifts are timbered, and
nony sets wre evected over every fourth and Afth drift sot. Chrtes
are installed, and raises 4 fut in diameter are driven to a height
of 40 feet above the rail.  The ralzes are inclined to couneet with
the sublevel dvaw laterals on 25-Loot cenfers.  The sbleyel develop-
ment congiste of small, timbered, fringe drifts around the howndaries
of the sioping block and small, untimbered [aterals zeross each
Line of raizes from the haulage Tevel. These laterals are 25 feot
apart and at right angles to the hanlage drifis. A I3-mel grizzly
is inztalled over the top of cach storage raise.

End cut-off shrmluge stopes are driven at each cnd of the block
in two lifts and earried to the capping.  In the modificd-motor
and other systems they are usnually earvried in only one lift. Cut-off
stopes are, of course, nnnecessary on sides of the hlock adjeining
previously mined Dlocks.

In wndercutting, shrinkage stopes are carried af 25-fool Inter-
vals aoross the block, Theyv are begun by inddined raises from draw
soty instelled over the grizzlies wnd carried up wbout 37 feet, as
shown in figure 5a.
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AL driliing in ent-off, underent, and pillar stopes is Jone with
hand-rotuted stopers. The back of the stopes is kept level length-
wize and glightly arched in eross-section, Dwill rounds consist of
rows of 4 holes (34 feet deap at Interval: of 8 or 4 feet alomyr the
stope.  The linal round in undersni and pillar stopes consists of §
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- holes to 2 rony, the ontside holez sloping onbewrd 437, As it is
epsentinl that Ghe final round i the pillar stopes shull break through
into the undercut stopes the holes wre not lowded until they have
heen checked and approved by the englineer in charge.

Cribbed stope manwuys are u:snrrie:ﬁ'r up at the ends and middle of
tha stopes. Ordinarily 5 or 10 men work in each sbope. A round
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is drilled gnd hlasted aver half the lengih of the stope on cach of two
shifts, while the swell is being drawn m the nther half,

It 1s mot practicable to work a whole panel as o nnit on account
of the cxpense of keeping the laterals open, so the block at the far
end of the punel is worked fest, then the next one in order, re-
treating toward the fringe drift. :

Man designated as chute tappers dreaw the ore from the draw
sefe into the storage raises. It is offen necessary to blust eluinks
of ore, and if the ore {s hung up any distonee fTom the dreaw point
this ix done with blasting sticlks so that the tappers nced not entor
the chutes.  No blasting 13 permitted on the griszlies, hammers betng
used to bregk boulders too large to pasa.

The method of undereutting nsed at Ray waz edopted: (1} To
provide pyrannids or cones of solid vock above the drawing level,
which support the hrolken ground and keep the direct weight from
coming on the draw sels, and (2} to break the pround approxzimately
48 leel above the draw puint. This broken ore uets a8 a cushion

cand as It 02 drawn off allows more thorough breaking of the main -
tpsa of ore before the latter reaches the draw points.

A aniform draw, partiarlarly during the carly siages of drawing,
i esgential for satisfactory cecovery and for proventing exccssive
chimnevimy and consequent dilntion of the ore with capping. The
ectimuted dilntion after more than 40,000000 tons are drawn iz
about 10 pereent.

The tofal cost of preparitory work for a block of ore containing
560,000 tons, including Laulage drifts, subdrifts, raises, nnder-
cutting, shrinkuge stopes, chutes, grizzlies, cte., 1= 581,859, or $0.1468
per ton, divided as follows:

Methmated cosf of preparaliory 0ok for o Mook af org coRdCingey J83.4000 fons,
Ry aelites
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Direct stoping costz {excluding hanlage, hoisting, and miseellane-
ulis expense) during 1928 were as follows: .
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Following are statistics covering labor and consmnption of ex-
plogives and timber per tor of ore during 1927 and 1028:
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LREAPIRATION MIXNA, ARIZONA-

Numerous articles have been published on the development of the
undercut-block-caving system al the Inspiration mine. '

One of the earlier articles was written by Lehonan ™ and conbained
a dizcussion of experimental tests on ore drawing, as well as 5 de-
seription of the sarly practics at this mine.

T}ﬁm following disrussion fs based prineipally upon = more recent
rriicle by Stoddard.

The praclice employed at Inspiration is an adaptation of the
raethod developed by Felix McDonald at the Ohio Copper mine.

The mine Is opersied as thres separate divisions; TEE- Tnspiration
Live Qalk, and Keyslone, The Inspiration division was the._origina,f_

cone. The Live QOuk und Keysione Jivigions cover a length of 4,000
feet. On the east end the ore outcrops, and on the west end it 3s
covered by 500 feet of capping, the boltem being 900 feet lower,

The gyatem employed 1n the Tnapiration division diffors from that
in the other divizions chiefly in the spacing of prizzlies and draw
fﬂints, the point of draw conirel, and the method of undercutting,

n the Inspiration system the grizely drifts and grivzlies are farther
upart, the broken ore is drovwn from square-sets ahove the grizzly
level, and the block is undercat by o serics of drifts on the under-
ciutting level hetween which the pillars are siabbed and then drilled
and blnsted out. In the Live Oak division the ore is drawn Trom
vhutes over the grizzlies, and where the ground is sirong enough jt is
undercut by connecting the tops of the finger raises and blasting out
the pillars between rows of raises )

M Lelman, Geerpe I, OeeDrawing Tests and e BEestiting Miolap dMethed of Inapien-
tiah Cogealiduted Copper Co.: Trune, Am, Ine:, Min, Eng, vol, 5%, L1416, Dp, 2TH-2H51

" gEtoddaced, Aifred 43, Minlung Proetloe and Methade ot Inapirution Cenealldated Copper
Co., Jaspitobioo, Aviw : Tof, Cirg, 9300, Bovean of Mines, TREE, 23 b,
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When mining operations were begun there was some doublb as Lo
the feasibility of caving a 20— to 3l-Toot back of ore, and the first
miming was dome with Té-foot backs,  Loter, however, the fuli height
of the ore wae twlen in one Iift.
- frapiration division syafem.—There have heen numerous changes
in the horizontal mderval between hanlage-level and grizziy-level
drtlts and in the gpacing of main raises, branches, and [nger Takses
to =il yarying conditions,  The genersl scheme, hoyorer, 13 shown
m flgure &6.
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CROSSSECTION E-&
Frosunl o0 —" dguere-eet ™ Llock-caving avetem, Inzpratinn mine, Arizona.

The essentind features of the systern are: (1) A series of main
haulage laterals under the ore body 20 to 200 leet apart {uzually
abonut 100 feet), alony which pony sels and loading ghntes ace in-
stalled at intervals of 15 to 75 feet (naually 25 feel) : (2) asyston, of
raizes driven from the pony sete in planes at right snglez to the
haulsge drifts and st an inclination of about 50°; (&) a series of
grizzly drifts intersecting the tops of these raizes und parallel to
and 25 feet on either side of the cenler of the henlage drifts, or
60 feet apart (the grizzly level heing shout 30 fest below the under-
cutting level); {4) two ruises driven from the grizzly level at the
top of each muin ralse, one in each direcbion at right angles to the
drift {these raises being driven on a 40° to 492° glopy for the first
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14 foet, ot ihe end of which o squure-set is buill in each reises (8)
Tour fingrer raises driven from cach square-sed, one from cach side,
to the undercutting levely (6} a sordes of drifta on the wnderentting
level, parallel to the pricsly deilts below and spaced on 25-foob
centers, conmecting the tops of the finger raises: (¥} slabbing and
Iasting out of the pillars betwesn the undercutting level drifts;
and' (8} drawing of the caved ore. o
CThis gyatemn iz termed locally the ¥ square-set™ caving method.
Live Cok division syséem—The system emploved in the Live Oak
divizion 1% locaily termed the * grizzly-conteol ¥ caving method, nnd
it essential features are shown In figure 57, Oune inporfant dissd-
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Frsvr B7—" Crlzelr control * bleck-caviog method, Tuapirachen mine,

vantars of the system just described was that mnen had o go above
the level info the squarc-setz to draw the ore, which makes super-
vigion of drawmg dificult.  3oreover, the syuare-set itself iz oot
Lasy to inspect and repadr.. |

_(zround conditions in the Livé Qak division were entirely different
Traw those in the Inspiration division. When {he groand-caved i
hrodee into smell piccrs which packed together readily, so that when
the ore was draswn “ piping ™ oceurred.  The pipes were amall in
section and seemed to msé vertically, and many areas were imper-
fectly drawn. If wes evident that closer spacing of draw peints
was required to overcome this.

I_Tu:}m:?btain eloser spucing the rulses were pub up nd right angles
Lo the prizzly drift wé 12346-foot intervals slong the drifts. The nsual
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saTe-sobs wera put in bul: with this difference: From one set four
fingpr ruises were pub up as before, and frem the next sel ouly
two. The grizely drifts were still 50 feet apart. It was then found

that good drawing could be done from the griszly level with this-

method, but the grizely drifts wers too far apart. The next step was
to drive the grizely drifis 25 fest apart with grizzlies 1234 feel
apart, In soft ground a nwmnber of draw chutez could he installed
over one grizely, aiding extraction matferizlly if regnlar drawing

Cwas pracbiced.  With ihis system the grizely drifts may be either
parallel or ab right angles to the hanlage drifta. If pround condi-
tions pernil the undercnitmg 12 dene directly from the raises. The
number of draw holes from a grizely ranges from 2 to 10,

At the Inspiration mine 10 Is unmecessary . for cach block to be ent
off by boundary shrinkage stopes next fo selid ore. Instezd, the
boundary is wealzened by reises at the corners of each block and at
_intcrmu:f;atu points along the houndary, and driffs are driven from
them at 30- Lo 40-foot verticsl interwals. ‘These drifts sre driven
around the block, and in some instances n stope round is blasted
from the hacks of these drifis when the ground reguires forther
weakening,

During 1988 the stoping costa were as follows;

Titroet sloping cosda, nexpirafion mine, 7938
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MIAMI MINE, ARIEGHA

. The block-caving eystem used at the Miami mine hus heen dis-
‘unased in several articles; the one by Muclennen® is abstracted in
the following parazgraphs.

In 1924, with the high-grade ore bhodies virloally exhansted, i
was decided to develop the low-grade ore body, which at that time
wis astimated to contain 36,000,000 tong of ore assuying 108 percent
of copper, covered an ares of 50 acres, and hud an average thickmess
of 206 feet overlrin by an average of 320 feet of barren capping, As
developed to dote {18303 the ore hody 1z estimatéd to confain
108.461,7} tons dssaying 0.88 percent of copper, of which (.79 per-
cent oceurs as sulphlde, “'The present dimensions ars 3,500 feol east
and west by 2,700 feet meximum width north and south, with an
averzgoe thickness of 325 feet. The barren capping ranges from
250 to 500 fuet in thickmess, _ ' .

The ore is « thoronghly fragtured, minerslized schist, ranging
from o hard, siligified schist to a soft, Eaclinized schist. From w
mining standpoint it i a free-caving ore body after it has heen
thoroughly dried by drainage and ventilation.

W afuclonndu, B W, Muonl Copper Co. Melbhed of Minlng Lom-Grade Orebody @ Traons,
Am. In=t, Min and Met o, iﬂlﬂﬂ Year Eocl, pl. 32-8H, ’
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-Tn the enrliest caving systems ot Miami the entire width of the
. ore body was nndercut and caved, begintiing ot one cod and retreat-
ing tha length of the ore body; this was followed closely by drawing
of the ore.  In drawiig, an endeavor wag made to maintain o plane
of contact hebween the broken ore and the capping, with a Jip away
frem the direction of retreat at an angle mfp &) to 60° from the
horizontal,  Caving over widths of 500 or 600 feet. rosulted in ex-
cesaive welght heing theown on the exfraction openings, covrespond-
i:%gl}' high mainlenancs costs, and inlerference with arderly drowing
of ore, :

Later expericnee indicated that o widih of 150 feet cpused satisfae-
tory cavingr of ore with moderate maintenance costs, and it becumo
stundard practice Lo cave wnd draw alternate panels 150 feet wide
suross Lhe entive gre body. A year or so later, when the waste rock
which hud settled into these paneis had consolidated, the pitiar pauels
were coved aml deawn buck across the are body. This method was
well gdapted to the comparativaly low lifis iben in nse, but it was
felt that it would be unsatisfactory with 1ifts as high as 300 feet or
mgre, Which were essential to low mining cost.

To maintzin an angle of contact betwoesn the broken ore and cap-
ping of 407 £ 807 in an ore eoliumn 300 Leet high 1t would be necessury
to mainfain a length of 300 fest or more of extraction levels. In thie
gystemn, wsing the ineline] plane of contact and w great thickness of
ory, thore wonld be great dunger of Jilution.

t waz deeided that w spstem of mining ntilixing individpal stopes
wag best adapted to mining m one 1ift a0 ore hud%T A0} foet or nore
thicl, Advantages claimed for this method are summarized as
Tollows:

1. The bock to be caved is confined to a definite aren, surrounded on
all four sides by snlid ground in the originn] stopes and by conscli-
dated A1l {partly or wholly) in fthe pillar stopes. Tndoubtedly the
support of the individosl stope is roueh better, bence maintenwnee
costa are luower, and repair work interferes loss with dreawing of ove.

2. The order of mining the sfopes iz such thet pillar stopes are not
wined until the waste Gl along any boudery has been congolidalbed
for several months, During this period the fill hecoanes g substantial
spport. The stopes are mined In the order shown in fimre 58, 4,
If the contael hetween broken ore anid waste at the retreating working
face of the panel (in the old panel system) is olnssified us waste the
panels would have 21,440 fest ol wasts boundury compared with
17,700 feat of waste boundary in the individuzl stope system.

Therefore, thore should be lesg dilution from the wasle houndarles
in the individual stope system. In the stope moethod 265 stopes ars
mined in selid ground with no wasto boundanries, 14 stopes with 23
purcent of waste boundary, 13 with 50 percent of waste boundary, and
14 with V8 percent of waste boundary; 8 stopes are entircly sur-
rounded by waste,

g, In the individual stope sysiern the ore 1= drawn down evenly
over the enfire stope ame, restlting in a borizgontal plane of contaet
between the broken ore and eapping. For hich lifts the liorizontal
plane of contact is lmqueat-iﬂn&b%}f superior to the inclined plane of
contact. : :

158B0E—3T
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4. With the same arca of oro boady the stope system provides o
greater mumber of working places, und the work i standarvdized more
ensily, resulting in a higher rute of production, o

5. In the sicpe method production can be distriboied more con-
veniently over the nrea so #3 to deliver tho ore to the varions drifts on
the hanlame lovel. ST

The first individual stepes were £30 by 300 feet.- Later the stopes
were 150 by 150 fect, although a few were 150 by 200 Teet to confori
to gpacing of certain hantage drifts. L o
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1MTAURE S4B —Tnderert Blaek envine, individoal etoge aysremn, binmi mioe, Arl=owy: 4, Flan
af S140-Lent Domncnry caving evel zhowilg ovder o mining slapes; &, Jaometrle deawiog
of 15 by 300-fowt lap & 1 felnll of ore truosfer Futke gyegen. :

The are 32 undercul helow the entire-area of the Stopo and wl-
lowed to cave by iis own weight, Tf loft (o itself it might arch
over to the center and stop ca¥ving, or it might follow slips and
eave beyond its vertical boundaries, A satisfactory rcthod of lso-
lating a caving area wilth low lifts iz by o narrdw chrinksge stope
around the boundary, With a high Tift, however, this methad
might esuse the block to seltle down like » pluyg or pizten and
erosly the mine workings below, and the broken ore would srrvive
af the chortes in lerye blocks unsuitable for drawing. Tt is desirable
to have the back of the stope hang up and come under strain, so
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that it will beecome highly fraetured awd cave down slowly in swall
Pieces and will eave to, but nol beyond, its vertical boundaries
Lo gecomplish this boundary caving drifis are driven around ihe
stopo 0k suitable wertical imtervals, and rnises are put up at ithe
four corners,  The boundary drifts are T4 fost hiph and were
ariginally ab #0-foot vertical intervala, In hard ground the bonnd-
aries may be weakened forther by drilling and shooting in the
backs of the drifts. More recently, the practice haz heen to spuns
the drifis 45 feet apact vertically, thuz wealening tlie boundary
mHane 315 Hpm.'(!ent. ’

Iigure 58, 73, showing the individual stope sysiem, is an isometric
drawing of w 150- by 300-{oot atope: it also applics to the present
150- by 180-fooh atopes. The Miwntl orve broals up fine and tends
to ]}n.cf; and when drown, i pipea ap vertically. Drow points there-
Tore had to be elosely spaced, and a 1244-foot Interval in both direc-
Lions was adopted, grving a spacing of d0-fook centers for the grizaly
drifta and 25-foot centers for the wrimelivs or tops of the tranafer-
raize branches.

Detailz of the transter and grizsly raises are shown in figure 58, 2.
The grizely driffs are driven a2t right angles to the haulage-level
deifts 100 feet below and are vertically over the trancfer raises,
which are driven af both ends from the boundary ov fringe drifts.
During setual mining the prizely levels are the huse of operations
for undercutting and drawing of orve. Griszlica are installed in
openingg over the transfer raises. Griwely raises are driven on boih
sides of, and at right angles io, the grizzly drifts, These are in-
elined 42° for Lt Lok H..Il[? then sre tun vertically for 10 fest, Tho
inelined scellon js small (324 by 334 feet) to resist erushing, and
the npper parh of the vertical section is enlarged to aceonunodabe the
chute sety which 1s orlented as shown in figure 58, ) o give the
correct spacing of the draw lcplnim‘.s above, our finger roises 314
feet In diameter are driven from the chute sets and inelined to a
point 8.85 feet horizentelly from the conter of the get, thenoa verti-
cally to a horizontal plane 30 feet above the Hobr of the prizely level,
which they intersect at points 1214 feet apart. .

As zoon ag enengh finger raizes have been put up the nnderentling
Iavel iz begun from the tops of these raises. Figure 59 shows the
underentting level and its relation to the grizaly level, chutn sets,
and draw points. The chute sets are nmunbered from 1 to 26, and
the draw points zre lettered. The undercutting level is opened hy
four small drifts driven parsllel to the grizzly drifts through every
ithird itne of Jraw points; these are 8715 feet apart and equicdistant
from euch side of the eentral grizsly dreift. Ther are commectad at
both ends by fringe drifts. Tndercutting iz begun by pabling u
a shrinkaga stope 2 or 3 rounds from one of ihe fringe drifts anc
iz nenally carried along the side hoondurbes and the other end of
the stope as underentting of the meln body progrosses. The main
Lindy is undercnt, from leege drifts 8 fect wide, which are driven at
righl angles to the smal! drifts.  This work 1z carried hock disg-
onally az shown hatched on the plan (2 59, 8, The sides and
backs of the drifts are drilled and Wasted o complete the underent.,
Tha tops of the finger raizes ave funneled as indercutting progresses.
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Drawing of ore usnally does not start until the stope has been
conipletely nndercut. Inm drewing there ave two mein olijecbives: -
f1) To draw & maximum tonhare of ore with minitnum dilotion by
waste capping ; and (2) to regubate the drawing to avoid, i possible,
or relievo damaging weight on the extraction cpenings below.

Drawing i ander the sepervizsion of three stope engineers on
duy ghift. They inspeet the stopes daily and issue ore-drawing
orders to the hosses and chute seaiers on the thees shifls, Drawing
iz done by crews of two men each, a chute blaster and a c¢hite tapper.
The blaster draws the ore from the chutes in Lhe chnic set, and the
tapper keeps the gprizely clear on the grimedy level, Tach erew nsu-
wlly draws 12 to 15 finger raises per shifh, blosting § to 8 times and
drawing wpproximately 400 tons per shife,. Normally 50 tons are
drawn duif}' from each chute listed on the draw erder=. The aim
is to draw this amount in rotation from each chute in the stope, ot
thiz routine iz necessarily varied because of the appesrnnee of wasto
eapping in o chufe, necessity for repairs, weight on timbers, cle.

Drawing Tz continued from ench ehmite uniil the grade of the ore
drops to o poind whers 1t 1s not profituble encugh. Usnally this does
ot oecur ankil 100 pereent of the sxzpected tonmage hag bewn drawn,

The tomnege, grade, and copper exfraction fron 18 stopes which
had heen completely dessn hefore 19380 are given bhelow,

Eaetrantion tenpere and grode
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Stoping cost per ton, as given in Maclonnans paper for the 4-peap
period Oetober 1, 1926 to Beptember 30, 1928, during whicl 16,546,205
tons wers mined, was $0.18628, and development cost wasz $0.10000—a,
total of $0.823628. Ilaulage, hoisting, ventilation, general under-
ground, engineering, sampling, mine-surface, and mine-accident sx-

.penze added to this fgnre give a total dicect mining cost of $OAUHET
per tomn.

It is not entirely clear from the figures presented what the direct
stoping cost was om w basis comparable to that used at ofher mines -
deseribed in this llletin.

From a table in the paper it appears that 10 cents per ton for
development covers the driving of haunlage-level drifts, transfer ralses,

vizzly-lovel drifts, finger ruises, and boundary drifts and raises;

_ the instailation of hanlage-level chute gete, prizzlivg, and grizzly chute
ses ) the driving of linger raises and undercutting drifls; nodercut-
luvel mining; and the drilling and blasting of boundary drifts and
boundary corner raises.. This fignre ihen cavers all work prelimina
to drawing, wnd the conclusion is that $0.13628 covers drawing an
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nwdntenwnee of extraction drifts and raises, ehistes, square-sols, coh.,
during drawing, Aceording to the table the cost per ton of ore
sxtracied for development up to the chute sets above the rrizzly level
wiis FROGDE, and the cost per tom for drivings the finper raiscs and all
work on the undercutting level was S{L0209, & totz] of $0.1204 per ton
{from 1925 to 1928, inclusive). T'rom the figures in this table Mac-
lennan eonelmdes ¥ that the uniform chorge for development of 10
cents per tom iz ample,” '

HTMOOLD' MINE, MCEHENCL, ALRIE,

Tlock eaving at the Humboldl mune, Morencl. Arviz., has been de-
seribind by Mosier and Shermarn.s

Tha country rock ak Mezvenc is o guartz-monzonite porphyry and a
series of sedimentury rocles—limestope, shale, and gquarizite—swhich
are generally metamorphosed.  The ore bodies of the Aumboldi mine
are it the main porphyry area.  The ore body being mined in L8520
was in zones of fepeturing and had no definite walls,  Irregolar frac-
tering ocearred in three direstions, but the Iraciure planes had been
more or less recemented with quartz and pyrite.  The planes of weak-
ness wors 2 to 18 Inches apart. _

Tha ove wrserves le principally in one mass in the porphyry alon
two intersecting fanll xonws over n maximum length of 2,000 f}eret AL
g maximme widith of 600 fvet.  The vertical runge is about 1,000 feet.
Much of the porphyry wull rock carries af least 0.4 pereent of capper.
It iz generally stronger thun the ore physiceally and carries less kaolin
and serivite. Fhe grade of the ore reserves in 1929 was about 1.90
percent of copper {total}, of which 0.20 percent was acid-soluble

GO, .

E‘\J]tho gl thie ore wis somewhat harder than at most other porphyry
mines in the Scothwest, its coving wos made possible by the major
faults with their sympatheiis sheeting, by the jointing throughout
the ore body, by the minute Tracturing of e ore in 1l directions, and
by the alteration of tls ore. ’ ' .

Figura 60 showsz block ecaving at the Humboldl mine, In this
sysbemn the underontting lovel is 20 feet above the grizuly level, and
f-ip lafter was conmected to the hanlage level 60 feet lower by heanah
TRISCE. :

The: ore body waz divided into stoping panels 112 fout wide which
extended on the strike of ihe ove from one side fo the ofther. As
mining proceeded from one end of the panel it could he Tollowed
by another stoping operniion in an. adjoining panel after the caved
wasle expping had settied in the finished stope. The ore from each
pungl was delivered fo two havlage drifis 56 feet apart which
paralled the pinel.  Chute taizes were driven to the grizaly level ak
28-Look intervalz along the hawlage drifts.  The grizzly Jrifts were at
righl ungles to the haulage drifts sed across the stope panels.  These
were also 28 feel apart and dircetly over lines of ruises from the
hanlage-level chutes,  As laid out erigingdly the grizzlies were 14 fest
aparh, hut when this paper was written they were symmetrically but
unceven]y spaced o suit the lnger radses, an] the grizsliea wers sef in

* Mogior, Metlenvy, and Biwemun. Geeald, hining Pruvilee st ¥orenal Grench, Trheips
Dadgo Corpoeution, Mevenel, Arlz : Tul, Cire, G107, Burezu ol i, 19313, 34 pn,
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pairs g0 Lhat the centers of certain pairs were 14 feef upart. Two
short finger ralzes were connected with cach grizzly by openings 4 by
8 feet in seclion et in the yides of the drifte,  Omn ihe imderent level
the finger raises were 14 fecl apark in one direction and 18 feet S
inches apart in the other direchion, amd they were funneled ont until .
the rims of the funnels ek, Afler the necessary finger raiscs were
driven, shrinkage stopes 6 feet wide were cureind np around the panel
boundaries high enough to cut the panel froe from the sureonnding

o, o n_ &7 "H
. a.-i.ll._.-‘ LIl __,%.___-1_ |
o Tamztury . = |
@. 'T’:"’ﬁ L pEs |
3l el = X & |
i Of;?‘:‘;ii

o [ =
| "EE"'l"_"—".'.E'_'h_:'li
i q [ _-\ 1
| ! SRR
1 P g |
eSS S
O A N I R N
; SRINSEE it
R SR
.’:w Togars Exdad 7 bop : :
LIE]

<

Ay

SIS
I AlATa

¥ il "

F : LI

Losuee G0 —=Etawdered Dleelk-crving :-f‘:sl,l’:l.'ll mmbabdl mine, Movenci, Arizo! A, Plan of
swwlrreltllar lavet and meixzly ley {dueh linosy ; I, verdienl cross seebion s €, byplenl
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ground end to direct the line of shearing to the top of the ore wlonyg
ghe desired plenes, In soft ground these stopes were generally car-
ried up 35 feet, At this Height it was usunally possible to leave sec-
tiona 50 to 60 fech long midway between the pilot raises (fig. 80) and
to shrink abowe this point enly in seetions 40 to 50 foud on cach side
of the pilot raises

In beginring the undercut, one or two drifts were run Jengthwise
of the panel acrozs several griszly lines. Undercut drifis 4 by 6 fect
in section commected tho tops of finger raises, both lengthwise and
percess the pancl, forming » gridivon pattern of drifts with pillars
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shout 10 by 14 fect In plan between them. The bacls of the drifls
wers drilled & feet deep In fan-shaped rings of stoper holes at 4-foot
intervals, Those holez were fired simultanecuslty with holes drilled
in the pillars. Twao or three pillare useally were blusted ot & time,
heginmngr in the heaviest ground und progressing across the punel,

When a block 150 feet higl was mined, the quantity of ore actunlly
drilled nnd blasted, neluding the pecessary development work, was
les than B} pereont of the total ore removed. :

VWhen undercutting had heen completed, drawing of il caved ore
began. The ore was drawn slowly wt first until 16 statied to cave
frealy. In 1928 the averape stoping 1ift was 164 feet, whetens on the
next lowear stoping horizop it ineroused to 270 feet. An inercase in
height, above 2450 feet reduees the stoping cost very litlle and inersazes
the time required for the ore fe reach the mill after &t has heen
broken. This delay In drawing may be detrimental to ores that
oxidize rapidly, when concentration iz by gravity or fotation
methoda. '

The proper rate of drawing depends upon the rate at which the
ore caves: if it iz drawn very rapidly, too large a space iz leff be-
tween the broken e and the unbroken baclk, wnd the ore is apt to
break o darge minsses, IR ik i drawn too slowly, the broken ore will
partly support the back and delay caving,

If a “pipe” of cap rock reaches o draw point in advanee of tha
uppar boundary of the ore the finger iz sealed, and ore iz drawn from
the surrounding fingers until the pipe is brolken.

Puoring the mdtial stages of drawing, the angle of refreat iz 60°;
inter it is redneed to 50° or less, Tigure 60, &, shows the progressive
stages of eaving, looking at right angles to the line of retreat,

Tha estimated cost of preparalory work foe caving a bloel: of ore
conlaining 120,00 tons, exclumive of tramming, holsting, sanitation,
wventilation, sampling and asseying, and general cxpense, is as
follorors
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These costs do not inchuds tranuning, hoisting, santtation, ventila-
ion, assaying and =sampling, and general mine expenss, which would
bring the total cost above the grizzly level to $0.228 per ton.
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Direct stoping costs for 1988 were as follows:

Direct stoping costs, Himfoldd mdiee, 1083, 14045.208 fone mined*
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1t haulage-level development, main raises, and chule fronts are
inelided the totel would be 30356 per tan.

During 1928, 62,74 tong were produced her man-shift stoping
]gim:luding labor on houndary shrinkage stopes, nndercutting, belling

ngers, chiute tapping, and stope repairs bul no development labor).

The consumption of explosives was (1% pound per ton of ore and

the consmmption of timber 0.25 hoard foot per ton,
CETETMORE BINH, GREETMAORE, JALIT,

The foliowingz brief description of the block-caving method at
Crestmore is added to the discussion of caving, as the method was
adapted from western copper-mining pructice and is used successfully
for mining a hard, blocky, crystallme rock; it had previously besn
coneidered that block caving was not feagible for mining ground of
thia nature.  The method has been described Ty Rohotham,®

The mine is in the Staniey hed of limestone, wg[chia approximately
270 fect thiclk wnd dips 45° to #i°.  When first observed the Hmestone
appeared {o be massive, but during openent operations it wus found
ta be traversed by minute watercourzes and slightly faulted and {rae-
tured ; it I3 hurd and brittle. The deposit was water-logged and was
drained from workings 88 feeb below the lower mining level hefore
stope development was Legun,  The underground mane is bolew
opencut workings,

Hanlage drilts for the fivst Boek to be caved were 40 feet below
the ,.f:l'izzgl}' Ieve]l and run on 50-foot centers, with losding chutes
from the grizzlies 25 fect apart, Grizzly drifts, at right angles to
the huulage drifts, arc 25 feet apart with draw pointz on 25-fook
centers. The top of the nndercut workings is 13 feet sbowe the
bottom of the grizzly level. The blocks aro 200 by 200 feet; the
height of the first Titt mined was 100 feet. The blocks are eut off
from virgin ground by shrinkage stopos.

HNobntlem. G A, Mlolng Lhoestono by o Cuvlog Methad ut Opeptmers Al of the
Riverpide LCement Co., Crewimove, Onlif; Inf, Cire. 8780, Burean of Mines, 1034, 20 pp.
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Undercitting is dome by a zories of room and pillar workings min
diagonally to the grizely drifis. The pillars are midway belweern
cu.r:]éq pair of grizzly drifts; fivul yndereutting is effected by blasting
the pilisre.

The prineipal departure fram copper-mining practice is in puttin
in the draw pui_n’gs. The raises from the haulage love] are brsmcheﬁ
just below the arizzly level; grizslics are on either zide of the drifts.
The draw pont iz JJeiven horizentally about 10 foet bevond the
grizglies then ralsed on an incline into the undetcutting area. T'ro-
tective cones of aolid voelt are lefl over cuch priezly deilt. In elleot
the draw peints arve similar to grizely hlasting chambers used o
connection with shrinlage sopes.

The rock eavez satizfactorily witer wndercutting, bul most of it
breaks in relatively large frapments, About one-third of the roclk
must be reduced in size by blockboling in ovder to geb it throngh the
grizzlies. It has been found that large benlders rvequire no mors
drilling and Dblasting than fragments of intermedinte gize. A low-
strength explosive is wsed for blasting boulders.

The [oliewing teble shows the cost of deifting, raizing, and thobier-
ing in eomnection with the developient of 12588579 tons of rock
and the cost of cut-off stoping, wndercutting, reizing, and exbrac-
ton during aetive mining ol LTT5.696 tons,
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Norwal pradaction costs during 18931, which are considercd faicly
vepresenlutive of results obtained by this method of wndersround
operation, were vs follows:
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In the preceding tabulations general underground expense covers
sulhe supervision, mine iluminents, man hoist, changehonse, ventila-
tion, mine tools, and mine drainage; peneral mine expenzos cover
expendiiures for the mine office, warehouse, enginéering, fryming
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shil, and genersl supervision pertaining directly Lo mmdergromut
operations, . )

The charges for cxplosives shown are for Dockholing ab the
grizzlics, : _

The following tabulatinn for 1932 ghows production costs mol
closely approsching normul condilions than those covering the early
stagees of oporabion,
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ERADES COPTPCR O, CGIOILE

The mining methed at the Braden Copper Co, mines, Scwell,
Chile, hag been dewcribed by Webb and Skmner.,® The ore bodies
lie around the periphery of an caplosive vent in the form of erescent-
shaped deposits, Temited on the insida, where they ave of hugh tenor,
by the toff sontact, Tle upper limit is formed by the bottom of
the oxidizel zone 30 to 100 mefers below the surface and the lower
limit hy the contact with the primary zone. The andesite porphyry
swrrounding the vent is intensely fractured; the width of the zone
of intense shattering ronges from 100 to 600 meters. Ore lLiodies
were formed by mineraliziog solutions vising around the periphery
which deposited chaleopyrite wund other minerals in the Iregpilar
fractures of the andesite porphiry.

The undercut block-caving system cmploFed ot Sewel differs eun-
siderably m detail from the caving systemns previcusly deseribed.
A brapch-raise system is nsed to transfer the ore to the main hanlage
level, but the grigzly level and finger raises used at the other mines
_are not cmploved here, Imstend, the ore is undercut from p series
of timbered drifts, as shown in figure 81, 2, #, 4, wnd 4, and the
caved ore is drawn from chutes installed alopg the drift in alter-
nate seis inte 1-ton curs which nee trommed by Tand a maximum of
14 mwekers (49.2) feet to transfer raises. The transfer-raiss system
iz shonwn in figure 61, 5.

This blocl-caving system, by which over 85 porcent of the ore was
nined in 1932, waz evolved from an eavlicr system in which the
ore was mined by shrinkegs stoping in orviginal stopues separated by
pillars which woere caved and deawn wilk the shrinkage ore,  orm-
erly it was comsidered that 50-meter {164-foot) lifts were the maxi-
it that eonld be eived speceesfully, but later 100-meter {325-fool)
lifis were successfully caved without loss of ore or excessive dilution,
All development 13 now laid out for 100-ncter 1ifts.

A wWehh, T, 8, amil Sligner, T, W., Miving Methods and Castz at the Brulen Qopper
Cos dineg, Bewell, Chile; 1nf. Cire, G065, Tjvenn of Mines, 1923, 13 ©p.
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Undereatting is begun by taking a section of a Arilt 6 meters
{19.88 fect} lung and drilling » 6-foot round above the top Ingging
- and throngh the chutes, ns showmn in fignre 61, A. The ore hroken

int this rornd iz drawn out through the drift chntes, leaving p small -

open stope shout 7 feet high above the drift timbers. Access to this
atope iz through the end chute next to the adjoining =olid’ ground.
Before the flrst blast an entrsnce chimney ls completed from the

Flapen 01 —tcercat Movk-nvins sretem, BEroden Coppee ¢0-, Chile @ 1, 2, & and 4, Detnlla
of underedpling—Jlicst, Becond. ﬂairﬂ, ntl foTrih ronnds &, Dieat traneder rialpe p13d gros
PUEA EFateln,

wel jucent drift to the center of the pillar, ne shown in the figure, This
entrance iz L5 by 1.5 meters in section, ix driven on g 48° slope at
an angle 8°30° {rom normal to the d_ri.'l‘;t, and meets a similar chimn-
riwy driven from fthe lash chute in the underout stope.  SBecornd and
tlied wideninyr rotmes are drilled snd Blasted; then the ground
wsnally shows signs of wealkening, und i becornes necessary to stull
up the back before deilling and loading the final round which breaks
to the adjacent cuve.  (See fig, 81, L)
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. Adfter an undercut scetion has been completed 300 tong of ore are
drawn from each ehute to allow room fou further caving. ‘These
chutes are then sealed and remain elosed until the pext progressive
slice haz been underveui, By thiz procedure the minees never have
to work against an open siope, and the part of the atrance chimney
leading into the last undevcut stope affords w mewns lor observing
the caving in the preceding slice.  An underont erew consiats ol four
miners in each undereut stope, who are paid on contract wk so nich
per meter of drift undeveut, :

The ore 1z drawn by trammers, each of which has a minimuem ol
10 ehytes to puil In order that a daily tonnage, spacified by the drow

-engiteer, may be drawn from each chuts, An average of 55 tons per

tremmer is drawn per 8-hour shift, Chute hlasters ald drawing
operations by bolldozing chunks in the chutes. Usually one chute
blagter ia employed to every 3.4 to 4 trammers. An sotomelic eur
eounter operated by an arrangement of springs and cama was de-
signed and installed on eacl I-ton car used in drawing, The tram-
mers must load 1 ton into the car and dump it bedfore the automatic
device will register.

The direct stoping cost during 1028, incloding drawing and hand .
tramming {which correspends io the chute tapping and work on the
arizebics it the other caving operations deseribed), was as follows:

IMreot sfoping ensfs per len of ore deffvered, Srodfon mines, 1385, 537027
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The caving systemn employed at Potrevillos has been deseribed Ly
Greningor,® : R

The ore iz found in an intrusion of porphyry, generally elassified
a5 quartz-diorite porphyry. The surface area of the imtrusion is
about 2 e From north {o zouth and has a mazimuem width of 1 km;
the widest part is near the northern limit, and it tapers to 2 point
at the sputhern end.  All of the porphyry contains some copper,
hut a considerable part of the mlrusion ww too low peade to be
considered ore.  The intrusion has tilted the sedimentary vocles—
guartzite, Himestone, and sandstone—80° to 60° from the horizontal,
and the ore bodies within the porphyry generally hove the samwe
dip. Of the total tonmsge developed, about 55 percent is axidiad
ore and G5 percent enlphide ore; fortunately there iz litthe wnixed
ute, the changre from oxide to sulphide being sharp.

s Greningar, I L, Mioe Qovelopment, ewd Enderprouwnd Consirocton of Andes Copger
Minlnir ‘:‘i%ﬁut Potverilios, Chile: ‘Mraaw. Am, Inst, Mo, aod Met, Mog, 1829 Yoo Buok,
o 134
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Exploration by clhurn deifling showed ihat at somn points the
oxide ores reached the surfuce and that wt others.thers was barven
cappliy®.  Generally there iz little or no copping over the northern
part of the ore body, whereas the southern sulplide ore body is
eovercd to a verlical depth of 100 to 200 meters,  Metallurgical
convenience dictated Ihat mining shoyld be begun frsk.in the sulphide
ora at the south end of the ore body.  As a matler of fact severul
million tons of oxide ore in this loculity, while not dirnetly averlying
the selphide ore, were within the wone that would cave as mining

~of the sulphide ure progressed.  In mining this exide ore the remilar

caving metbod woz employed, exeept thal no control wag practiced
in drawing ug there was no capping over it. o -

) | T T e
4 § _ “F
Iy Ga—Cederail mving, Andes Conper 3hniog 4, Chlle; A, Transseras gnekion,
2k =niphide gee wodr ; B, pkan and seeliog showiDg DTADoh-rnize syalcm, .

Figure 62, A, iz o tranverze section throvgl the south sulphide
ore body where mining of sulphide ore was begun and shows the
workings on and above the intermediate haulage level, This level
is abont 180 meters below the top of the sulphide ot budy. -Hanlage
drifis are turned off the pothermg drifts at jntervals-of 3335 welers
neross tha ore body, and main raizes aee put wp at-6.25. and %487-
meter intervals,  Girizzly drifts 12 meters ghove the hanlame dvifts ate
spaced 16.66 meters center to ceoler and parallel the hunlage drifts
bolow.  Branel raises are driven at intervals of 538 meters-zlong the
grizzly drifts, and the block served by sach hranch-raiee sysiem
megsnres 8.33 metars sguwre, © (See fig 62,08} The undereutting
level s 10 mcters above the prizzly TuveL and an it undereutting
drifis arodriven 8.33 meters apart wnd parallel to the grizzly drifts.

The bloclk first mined extended entively across the ore body from
wesl, b0 east, a distance of 200 meters, and mensured 70 meters from
nerbh to south. Experience demonstrated ihab this block was Invyer
than advisable, amd new hlocks wore [aid out across the ore body wnly
B0 meters from gorth te south.
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" In each branch of drawing-off vaise 1s a central seb containing four
chiilay, from ench of which ralses are driven to the uhderetiting level.
(Ses fig. 62, B.)

In undercutéing a short oressent ia driven feom the nndercutting
drift where the work iz begun, This is driven 4.5 mefers into the
pillar, and undereutting holes 8 to 4 meters long are drilled from it
Coderentting edvances dingonally across the hlock. :

Hailage drifts are timbered with 10- by 10dinch Douslas fiv sebs,

anid nost of the muin or transfer ralses must he timbered with 6- by
12-inch cribbing. Moreower, brunch raises ghove the grizzly Luvel
niwst be elosely timbered.  Grisgly drifis are supported by mosonry
lining where there is danger of crushing. Undereutting drifts gen-
erally are not timbered when they are being diiven, hut wlhen unter-
enting and caving begin ecne timber snpport sometimes i necessary
to. fitolect the miners while the indercntting ronnds are beipgr drilled
and blastad. . :
Oro drawing is under the dircetion of the geological deparinient
and ‘is done I aecordance with iypewritten orders issued by the
chief geolopist and approved by the mine superintsodent. The
block from whieh most of the ore hns been drawn so far wag calmr-
lated to contain 2,858,385 tons. By April 1998 about 2,584,600 tons
had been exfracted, with an aséay value of #0169 percent of the calen-
Iated grade of ore in place.  Af that time sbout 165300 tons of ore
wers being drawn per month,

SOMMART OF BLOCKE CAYING

1. A pplicadility.—Dlack caving is suited to large-scale, nonselective
mining of large deposits of low-grade ore, of which the strengdh ard
structure arve ench that when a block of ore is undercut and Ly
isolated From the surrounding bloeles it will eave and breeak up finely
enotigh. to b drawn off Trom below theough raises and chntes,

£ ??'E.rzmiﬂiﬁify.—ﬂlmﬁ]t eaving is a nonselective mothod by which
waste juglusions within the ore hody are necessarily drawn with the
ore, and the grade of ore mincd oan he controlled only 1o the axbond
possible by regulation of the amonnt of capping and marginal-grade
wall maleaial deawn with the orp, ;

& Recovery—The percentage of the tofal ore in the deposil that
can be recoversed wyrice with conditions snd ig infloenesd by the
amount of dilution that the ore can stand. Thue, if the minimnm
rrade which it is prodfitable fo wine is ore conlaining 1.85 porcent of
copper, drawing must step when, owing to dilnticn, the rrade falls
below this figure, regardless of whether or not all the ore has heen
drawn, Boms didution always ocenrs, and the Lonnage drawn, drom
iy block usually is growdee thap the estimafed tonnage, whercas the
average grade of the ore as deawn usually 18 less than fhat estimatod.
If the margins of the deposit are very irregnlar in outling, either the
extraction o the grade of ore recovered will snffer, as it is hnpossible
to make the cave follow un (rregular boamdary closely.

- At Ray the dilution in drawing more than 40,000,000 tons is csti-
mated at 10 pereent, At Inspivation 110 pereent of the estimuded ton-
nage and more than 85 pereent of the estimated metallic coplents are
recovered. AL Miami vperations in 18 completed stopes resulbed in
the recovery of 24 percunt more copper than was estimated, but
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1515 percent more rock was drawn than the estimated tommage, the
average prade of the total ore drawn heing 58.98 percent of the
::u-l{:ulu,teg grade, -

4. Dewelopment—A large amount of preliminary development
end stopa preparation is regtired before extraction begine, Besides
hpulpge-level development, preliminary work inecludus some or all
{ depending opon the pﬂ.ri.iclﬁu-r system employed}. of the following:
Transfer, branch, and finger raises; grizely-level drifts; grizly in-
stallation; boundury cat-offs, consisting either of stopes or drifts
sud raises; deaw sets; and undercutting stopes or undereutting
dvifes,  This work roguirves considerable time for completion, during
which the moeney expended is tied up. Table 18 shows the amannt
of preparatory work exclusive of mumin-level development per fan
of ore at three mines. ' :

5, ffost of block eaving—DMiuing vosts are low and offen compare
fovorahly with cosls at open-pit mines. Low costz are due primarily
to the fnets that most of the ore is broken by caving instead of by
drilling and blasting, the ore usnally is handled by sravity between
the undercutting level und the haulage level, production per man Is
high, lttle timber is reguired, consumption of cxplosives per ton is
low, and ihe operations are conducted on 2 large serle. Tables 19, 20,
and 21 show vorions cost items for block caving. :
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1 ’l‘u:al undargrocnd. .
SUBLEVEL CAVING

Sublovel caving is emploved for mining large or moderate-size
bodies of medlim-sofl, ore:  {occasionally hard ores) of low or
medinm grade mder & capping which caves in blocks which, with
the goh, will arch over and hang up long enough o permit removal
of the tmderl}'ing ave’ in slices 20 to 90 feet thick Schaus ™ has
snnavized the ecéndittons for succezsful sublevsl caving as it i=
practiced on the Grogebie range, ag followa:

The Aeterminitg conditions ta which (hiz method g opplieadde ave: (0) A
dinpdng and pitching inegolor ore hialy which doss not Yend Tt=ell to top s—:lit:.irlg;
{H) o moediamg-setc ore which brenks fine yet stands well and {5 bot freceaving
{e} a bard eapping which eoves Ip modbam-zized blocks wilcthont muel ﬂ:ms :‘mfI
which iz caslly contreled.

Hubleve] eaving iz applicable to soualler deposits than block caving,
alse Lo lnrge ore bodies, and ean ba employed where hioclt caving
wonld be impracticable because of the tendeney of the broken ors to
pack and reconsclidate. It may also be employed where top slicing

wonld be hazardeus becanse of the tundcnl:'y of the gob to hong ap
tamporarily.

EEAMPLEA OF SUBLEVEL-CATING FRACTICE

BT I A A SWETIOTD MG, MLITIHHRAN ™

The iren formation consisia of alternate layers of chorty and
slaky horizons lying upon a foatwall nf quartzite wnd overlaid by
S]IJLL{}HS glates, The formution dips 55° to 75° und is intersected by
a serics of diorite diles dipping normal to the bedding. Important
ore bodies occur m the tronghs formed by the infersection of the
Iootwall or impervious slate bands with the dikes, There are many
faults in the Kurcks mine that displace the beds 100 fest o more,
gometimes 600 feet. {See fig. 63, 4.}

- The ove i a soft hamatite thik requires timber support in all
u;f)fcnm A hand of soft, red slate ot the top of the fontwall slabe

132 The hanging wall or enpping is usually cherty iron Ffor.
anaticn, and the contact between ore an mpping ig very regulur.

EQelnyp, 0. ., Mining Meilods ur:u:l Costa of the Moentreal Aine, Mounlvesl, Wis.:
" Tal Llee. G168, InEpein of, Mined, 1430, 29 Bl

= Behung, O, M., Merhod and {aat of h[ining Hematite ap Lhe Forela-Agteroid Mine on
Lhe I:i:lgﬁblt‘. BAnlEd, Gogeide Codnky, MMick, : Iof, Cire, G845, Boreun of Mines, 1030, 1% pp.




“drifts to the top of the ore

DISCTRSION OF DITFEEERT SCOPLNG JLETHOTS 251

T'wo types of orve bodies ocenr. One comsists of tringilar masses
{in cross section) lyingr at the Intersection of (he dikes and the foot-

wall, and the other consists of narrow blankets 5 1o 20 fost wide

iving on the foolwall,

Fuevnw G —Eublevel enving, loereky-Aptoreid miny, Michigan: A, Trpleal ceaze goction of
B fhegthie reope mwine § 8, methail of caving back oo reLenk,

Haulage levels are driven at 200-foot intervels, and sublevels are
18 to 24 feet apar| vertically. Ruises ure put up from the hanlage
3']0(1}' and are spaced af mtervaly rang-

ing from 2040 feet in varrow ore to B0 fest in ore 100 or more feet
in width, Iiaises have two compartments, one serving ag a man-
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way and tie cther as a chute. In wide ore, wlers raises wre #0
feet apart, branch ralzes are put up midway between them. oo
Lodies 5 to B0 feet wide are gevelnped on the sublevels by Jongi-
tudinal drifts and in the wider hodies by crosseuts or zlice '$ts
spaced ab 28.foot intervels and by one connecting drift over the
line of raises.

In narrow ore, caving is begun midway between ruises, TF the
ore Is no wider than the drift the back lagging is removed between
twe setz of timber and g 6-foot ent deilled in the back This is
Blasled, and the miners stand om the broken oee (o drill the nest
cot, which is fanned out parallel to the drilt, Defors the- second
cit is Blasied Ghree or four baclelagging peoles arve replaced {o
hold back premature runs of gob. The second cut rewches the
caved sublevel above, and the ore from both cuts iz seraped to the
chules,

Where the ore 1z a little wider than the drift, which is usually
driven on the footwall side, caving is begun on the hanging-wall
zide, where two long ents are blasted, after which two cuts are
blasted on the foolwall side. Fach cut i3 seraped to the raise
after the hlast.  Ore over the back of the drifl then becomes Tieawy
and usnally comes down with one blast. Buns of gob are held back
by peoles placed as side Japging.

Figure 1¢, page 16, shows the scheme of sublevel development for
wide ore bodies, Figure 68, B, shows the method of caving back.
Tha erosseul Lrom the raise to the hanging wall 95 deiven firs and
then caved back fo within § fest of fhe ralse; the scraper holst
1z moved to that side of the Taise and the crogseuf {or % slice drift ™}
driven to the foofwall. This is envel back in the same manner,
amwd the hoist s moved so thalt the 2-foot gimbz and the back of
ore ovel the vonneceling drift can be caved and serapod ouf, The
minera then move to the next raiss and conbinne shcing and enving
haclz, Development is kept ahead of mining, so thal 2 gang of miners
on the sublevel below can be caving the hanping ercesent while the
gang above I8 drewing the Tootwall crosseut. Mincrs reccive $2.50
to 53 per foot for slice dvifts and GO0 to 90 cends per 60-cubice-fook
car for coving {1928). Auger stecl and hand-held machines are
ized for drilling and hextype serapers opsrated by 15-homsepower
eloclric hoists for seraping the ore, except that where the scraping
distanee exesads 100 feet 28-lorsepower hoists are used. :

Direet atoping costs during 1929 averaged na follows:

Direee staplng vosty, Mareloe-Lateroid e, 1020
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Lubor performance In stopes during 1889 waz az follows:

J'.r]H-:,’I' pirALEr
Hen-hour T -

now o EAHTE
Errtlking (drlfog and blnztioe) . a—oe= 18D 41, 23
Waekdng {=evaplog) e L 1TR 44, 60
Timbotineg i o—— KB 2160 40
Other stope labor L 1% ¥ GE
Total Alapiog ol i ——— D) 14,54

The consumption of explosive in stopez was 0082 pound of 40-
- pereent gelatin dynamite per tom of ore, und the consnmption of
timber was 3.35 board feet per ton (round timber ecalenlated to
" hoard Leet}, _
MOSTIEAT MINE, WTHCONgL =7

Figura 64, 4, iz an ideul crose section, showing the various iron
formations and the mode of ocoerrence of the ore hedies, As a
rale the ontlines of the ore bodics are quite sharp, The intrusive
dikes form, with ihe foatwall, a trough that pitches eastward abeut
20° 5 these dikes are vory regular and persistent.  Cross faulls shat-
ler the formation and are alwaya present ncar the ore bodics. There
are two Lypes of ore bodles: (1) The more imporianl ares, which
are Irregelar bodies lying in the pitching tronghs, and (2) “ chim-
ney ¥ bodies which vsnally pitch 807 to the west.  All ore bodies ara
very Drregular in ontline,  The ore is soft and generally drilled
with anmger steel, wlihough ribs of hard, blue ore oceur which ro-
guire the nse of mounted hammer drills. The ore is not free-caving,
but it disintegrates rupidly, The enclosing rocks consist of banda
of vory havd, enaltered chert inters m-seﬁ with bunds of softer,
leached material. The lwtter form p%u.ncs of weakness parallel to
the bedding. Cross-jointing planes cut the bedding almest at right
angles at inlervals of about 12 inches, )

The lower levelz of the mine wre 165 feek apart measured on the
dip. Wide ore bodies are developed by a footwall haulage drite,
from which erosseuis are driven across the ore hady at 300-Fool
intervals.  From these crosscnts loading: drifts are driven, as shown
im lgure 64, B From the leeding deilis double raises ave put
to the capping on 24-Loof centers.  These are connected 17 fest below
the top by 8-foot timber drifts; the ore body then iz ready for min-
ingr, ]é]ica drifts are driven to the foot and hanging wulls, and the
side and back pillars ara caved back on the retreat, as shown in figmre
64, B. The “ztopes™ on one side of the sublevel erossent are largs,
and those on the other are small,  The larper stopes take down the
hogback above ns follows: The =ide lagoinge ig removed between two
sels aud w light cut blasied, care befng taken o protect the pillur
arcind the caps of the sets. The stope is then earried up, the voof
being entarged as mueh g pozssible without danger of eaving before
the proper heisl{ is attained. At 2 height of 12 feet a “ Joohole ©
iz holed min the stope from ihe direction of retreat, and thiz Is nzed
as 0. means of entrance and exlt during fngl drilling, which s done
to fan ont the opening under the hogbuek, {(See L 643  After

= Behaae, O M, Alnlng Metluds wnd Coatz at L 1 Mine, Montreal, Wik : Tuf,
Cive, 8300, Turean of Mitey, 15?;0. P L LI Ifwakrea untreal, kot Tu
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the are is Jrawn and the stope caved full blasting is continved in
the emve between the chunks to shele out the ore mixed In during
caving. The broken ore runs to the Hoor of the sublevel and is
acraped bo the raise by 42-inch how-type serapers druwn by 15 horse-
powear slusher holstz, '

Trivech stoping costs during 1928 were ag follows:

Direet stoplap costy, Momireal stine, 10348

Costs por Tang Lide (2,540 pouads) of oo
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! [poludea cost ol wll mine tirabecing,

Labor performance in stopes during 1928 wasz as follows:

Hat-frofrr Lo benf
fisr HenaT P e

Corapatian: Tal RilifL
Breaking (drllling aud blastnpgl-ce—e— . 176 45, 45
T et ing - . - . Uk s OB
Muclking {zuraping) r—m e 102 T8, &5
Bupervision e mr—————— S | * IT7. TG

b ) o | N —— S - ——— . haT 20 15

Clonsumption of sxplosives in stopes was 0.345 pound of 83-percent
ammonia gelatin per fon uf ore, and he consumption of timber in
stoping, developmant, and maintensnes wag 276 bonrd feet per
ton (round limber ealenlated Lo bhoard feet). :

OLT DEHITREY ATETR, QLOFIE, Akl

At the Old Dominion mine 3 caving method was employed for
mining both small and large bodies of low-grade ore.  As wsed In
the smaller ore bodies this gystent 32 virtually o sublevel-caving
gystern In which the slice drifts of the conventional aystem wre re-
placed by inclined dvifls and the sublevel inferval 13 grenter. Thus,
inztead of nsing scerapers to drag Lhe broken and caved ore through
the slicez to the chuates the vre rin: by gruvity. This aystem Iz
shown I fignre 63, in which the slides corvespond to the slices in
the cormvenlional sublevel-suving gyston, _

The OId Dominion vein 1s 2 (o 60 feef wide,-und the dip ranges
from- 45° to 80°, pveragine 607, The ore bodies oveur in the vein as
loealized shoots which have a flat vule to the west, The xize and
depth of the ore shoots vury widely, and cach section of the mine pre-
sents a diflerent mining problem.  In some places the ground will
stand wcll withoit support, but in others it 3z yory heavy. The

1 fhoeinaler, o T1., Mindng Melbods ad [1e Old Dominlen Mioe ; Inl, Clve $237T, Tirein
¢l Minea. 1080, 2 pe
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Morenel slide method L been used for mining conparstively emall
ore bodiss in the Old Domindon, vein, The general method is to
divide the 200-foot interval hetweaen Jevels into twor lifiz, Timberasd
pony drifis are 1 along the fontwall. On the hunlage lovel the
pony d]_:'lft ig ipmedistely over the footwall development drift, wnd
o the intermedite level it is a amall drift on the footwall. 1rans-
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fer raises are run on 4-foot centers from the hottom pony drift to
the mtermediate deifi for removing the ore from the upper lift
which Is muned first. From the pony drifts timbered slides are run
n 20-foot centers o the hanging wall af an inclination of 26° from
the horizontal. A shrinkage stops is then ron on the footwall to the
top of the 1ift, and after it 1z completed the remainder of the block is
1ndereut and drawn.
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In undercutting the first operation is to eut draw holes. These
are untimbersd ralses heginning et the side of the incline at the deaw
sets and extending npward at an angle of 45° for aboul 9 feet. Thess
raises meet similar raises from the adjoinimg inelines or slides to
form an apex. The bottom of the upex between two drow raises is
left higher than the top of the timber in the slides so that the pillur
thus formed muy bear part of the weight of the overlying broken ore,
A ent of 4 fact or more iz then Inken out directly shove and the length
of the inclines. Coulrols for drawing ore are placed on hoth sides in
avery other set of timber.

The next step Is to blash another round in ibe back of the draw
holes, then the pillars between draw heles are drilled and hlasted.
From the hanging-wall side of the draw-hole raises Tinles are drilled
vertically and funned into the pillar toward the footwall. A pillar
front upex to apex between slides is blasted down s 2 unit and must
always be entirely cul to vedice the probubility of a large sectiom of
unbroken gronnd seitiineg oo the .'-EH{IE'&

The imitial cut over the Inclines is importsnt. There must be
enough room to aceommodate the swell from the firat slough of ore so
that no direct welelit will be thrown on the Himbers, A draw hola
from the next slide beyond the pillar being shot down should be com-
pleted hedore blusting to give a safe entrance Lrom which to ohserve
the elivet of the blagt, Often it iz possible to bar down and drill the
buele v second time.  Adter being underent in this manner the back
eaves and the ore is drawn off. Where the stope is o an inelined
vein drawing must start from the footwall side and be contimed
for some time to have the hanging-wall waste follow on lop of the
ore. More ore iz drawn Lrom the Tootwall draw peints thun from
thoze nearer the hanging wall. As ilo highest-grade ore genernily
iz on the footwall side it is fmportent Lo recover the footwall oo s
completely as possible. . :

A fairly large ore body having a muximum eross saction of 450 by
200 leel and o thickmess of 100 feel is Teing worked by this system

T3,
( In 1}9538, 17.3 tons were mined by this systein per mun-shift stoping.

SUBLMANY OF SUMLEYEL CAYING

L. Applicability—Sublevel coving iz applieable to the mining of
low- and medium-grade cres in the form of large or modsrately Firge
bedivs of considerable vertical height. It mey be used in =maller
deposits than block caving and 15 uwsually cmploved for mining
wedinm-sofl ores, mlthough hard ores have alse been mined sue-
cesgfully by this method. It ewn be nsed where block cavingr wonld
be impractrcable becavse of the tendency of the broken ore to pack
and reecomsolidate and where top glielng would he hazardons hecause
of the tendeoey of the gob to hang np temporarily,

2. Flewibility —Although soblive] caving lucls the flexihility of
some other methods il i more flexible than block eaving, Owing
to the retutively thin tmcks caved and the development of the de-
posit on each of a series of sublevels which serve to explore and

lock out the ore as well gs-to prepare it for mining, frregular
boundaries can be followed and mined eloger thun with block caving.



258 STOPING METHORE AKD 08TS

The larger inclusions of waste can offen be left and waved with the
gob, thug keeping the waste and ore separale. Oon the other hand,
Ittle opportunity iz afforded for sorting out emall bavds: of waste.
Some degree of control ean be exercized, alihough dihition with waste
generally is unavoidable if a high extenction s desived.

3. Aeeovegry—3ines the backs arve caved under & gob consisting of
A mixbire of broken capping and slice timbers whick canmot alwuys
be kept from breaking throngh and eutting off undrawn ore, some
ore iSHJDi]]ll;l to be lost. Tle recovery iz not as complete as that with
top slicing g8 a rale. T should be renembered, howerver, that it is
hazardons to employ top slicing under a capping which is beat suited
to sublevel caving. In some iron mines where this methad s uaed,
the eapping eontaine enough iren so that moedersie dilution with
c?up rock {2 allowable, and under such conditions a high pereentuge
of thae toial ore in the deposit can be extracted.

4, Development—~Constderable preliminary development iz re-
quiired hefore slicing and coving Lepin,  Chnte and manway raises
must he put up to the top of the ore body, und the sublevels must
be developed. ITowever, all sublevels are mot developosd al once.
Uanally slicing and eaving: a1 progressing on one sublevel while the
sublevel below i3 underpoing development.  The number of long
raises required may be reduced by vsing branched raises, which ia
the practice at some prines. Table 22 shows the amoent of stope
development required at three mines cwnploying this method,

Taprm 22 —Hfone developrrcid, subleee] vty

Dewelop-
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1 Tam bend of 2,740 podods,

5. Cost of swhlevel coving—~-The stoping eost per don for this
wethoil iz considerably higher than that for block eaving, The dif-
ference in the eost o su%]eve[ caving and o] slicing 1s net pro-
nouneed af the few mines for which eosls are given in fhis paper.
Theoretically sublevel caving should eost considerably less than fop
slicing and probably would ut a mine where either method could he
cmployed interchangeably, if such o mine exigted. In sublevel cav-
ing over haif the ore is usually mined caving, whereas in to
sliging all i1z mined by drilling und blasting. In top slicing eac
slice 1 timbered np to the foor of the one above, whereas in sublevel
caving Hess thun half the helrhl bebween sublevels iz fimbered, so
that, much less timber showld o required per ton of ore. Less sub-
Level development is required in suhlevc}[ caving, ad the interval
betwesn sublevels is greator. All these factors conbribute to a lower
vost for sublevel enving, In weinal practice, however, conditions
seldom sre deal, wnd the costs often are aboutl the sune for the two
methods becalse they are emploved ander different conditions which
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restdt i leveling the Lhweorstical cost differential between them.
Table 28 shows direct stoping costs at o0 mines employing sublevel
cuving. Table 24 gives diveck stoping costs in terms of men-hors
per ton at & mines and toble 25 consumption of explosives and
timber in aublevel caving al 4 mines.

TARLRE H3,—Iiriet sinping costs, snllerel cuoing
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TOF JLICING

Top slicing iz similar io sublevel cuving in that the ore body iz
mined by removing timbered slices, starling at the top and working
progresavely downward, and the ovechurden enves and settles as the
are 12 yemoved lroto benesth it It differs from sublevel caving in
that the sublevel interval js less, the ove is stoped by » series of
timbercd shicee drifts {one alongside the other) which are mined and
timbered up ler the mat above withont pillars being Teft betrecn the
slice drifts or over their backs botween the slice and the mat, and
only the capping is broken by caving.

up slictny is emploved in this country principally io ihe irgn
mines of the Leke Superlor region. Tt iz victnally the only wnder
ground method used en the Mesalhi range and s alse used on the.
Cuyuna, Vermilion, Marquette, and Menomines ranges, During
1920 shipmeats from the Lake Superior region aggrepatod 66,157,359
long toes, abowt 12,000,000 tons of which were n1m§§ by top slicing
and 6,500,000 tons by sublevel owvring:

Figure 66, A, shows the genwal scheme of top slicing employed
onn the Mesabi range before the introduction of scraper mmelone i
~whicle Lhe o was shoveled from the alices mlo cars and trammed
Lo the chites, Fignes 66, B, shows top slicing in e [lat ore body, one
slivo thick, In both illustrations it will be noled thot the zlices are
parallel and at right angles to the tramming drifts. This system
may he termed “parallel slicing.” Rudinl slicing has been adopted
in some thick ore bodies where s series of chute raises can be put up
from the haulage level without much work in waste rock., Figure
67 shows subleve] plans for rudinl slicing. Radial slicing was devel-
oped alomge with the geoersl use of scraper mucking to facilitate
seraping by sliminating sharp furns in the seraping lines. Tnolined
top slicing (fig. 88) has been used in o fow mmes in the Wost to
eliminate moekdng in the slices. In this systema the ore runs by
gravity from the face of the slice to the chole,

Top sliving finds its chiaf application in the mining of fairly
wide to wide ore bodies too weak to stand withouh support except
over short spans and having a wenk cn?ping which will cave veadily
when its sipport is removed and fill ihe wxeavation tightly. A
wapping thab bresks in large blocks which arch over or hang up
g0 a5 Lo leave open spoces in the gob Iz dangrerons In top slicing.
Henee, for successful top slicing, top welglt or vertical pressurs
is a requisite. The side walls may be weal o sirong, If the ors
necurs m the form of a narrow, dipping ore body, o weal hanging
wall is desirable because with a strong hanging wall open spaces
may he left in the gob dve to incomplete caving; Jaker hlocks may
ket o suddenly and drop through the Spaces, throwing sudden,
cxcessive weight on the gob and endangeringr the miners in the siices
halow.

Az top slicing requires considerable timber and lwggping, it is
essential that the supply ol timber available be plentiful and cheap,
Slica timbers are required o stand only a short time and aro then
Iasted dewn, thersfore o somewhat poorer prmde of thnber is e
ceptalis than would be required for move permancnl support.  How-
gver, the timber should be tough and capable of standing eonsiderable




261

DISQUSRIONY {1 DITTRERET STOPING METHODS

Hxvirr{od (T

=

s

=

e

p allelug in fal ore bady,

jus)

¢ round, green Llimber

El

1
E

=
B

o

ome elhoe ERgolr,

EEey
=7 g
Ty
B
e o
— Lo
B
gnn
w Yo
£y 8
=
4 2'e
z = H
w8 b
= =
et
=
ﬂm%
B3 8
=N
m.rnT.Ju
Eom
e B
oo B
===
5.8
B
oW
R
=
=
Emg
— S
s [
==
2w
aahrri
fu &
—
] ]
m_r._._“rw
2 g
.hlhd
D832
[T
[=I=|

with the berk on iz psually preferred if it ean be obtained ab low
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Top slicing can often be empdoved advantaresusly for extracting
pillarz between filled or caved slopes and for robbing operations in
cayed] orf hadly broken ground, whers o would be wnsale lo stope
from, the bottom npward by overhand inethods.
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EXAaMILEd .UF TOP-SLTG1 He: PRACTULIE

AEEALT HANGE

After the nse of more wastelul methods of stoping on this range
during its carly history and w realizsfion of ithe value of Mesabi
pres ftop slicing, which had been need 2uceessfully for recovering

ﬁﬁﬁ :
gir e |
T ey el g
WLy it b

JE PR

Flammn gR—1'orzpueiive elkefteh nl’ Oaranado Melioe lop-2licine minine method

sillars, was ndopted as the stondned method of undm-tgrnund imining,
JMesubi ore bodles arfe adapted admnrably to stoping by thiz methad.
Although Lhe greater pavt of the output of this range comes from open-
pit operations there are also mony undergrosnd mines, The ore bodies
nsually lin ot comparatively shallow depthz and are in the form of
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relatively thin, broad, clongated, basin-shaped depositss  The
boundaries are ortlinarily gquite sharp and well-defined, although
pradaiions ocour betweern, ore and low-grade mnterial within the
ora boidies.

The wall rocl iz taconite, o hard, fermugmons chert. The region
ig covered by placiad drift from a few feet to 150 feet or more thick,
and the imunodiate capping of the ore bodiee may be glaciul drife,
paint rocl, slate, lean ore, ortaconite. The glacial drift. o surface
material tanges Ffeom fine sand, civy, or gravel to laree bonlders im-
bedded in the finer material. The Laconite eapping 19 hand, buk
anlike the underlying and wall tacomites it 32 ordicadily parily
leachied ‘and contatns slips wnd joints which allow 16 to hreak and
cave readily when undercut. Sometimes the ore muost be mined
out from heueath for a width of two orthires slieeshefore the taconity
eapping will break, hut once  cave 33 begun the following slicea
cave readily. The ore itsell comsists of soft humatite and limonite,
Top slicing has been cmployed anccessfully under & wet quicksand
cover, althongh preat care must be uxurqis}eg, At onoe such operation
-t which the senier author was familtar if was eostonuary to leava
a few feet of oro agains the sand for protection in mining the s
dice. Hay wus packed over the Ingming, and before (he slice was
blasted down ihe Hoor was covered with a thick mat of hay, Owing
to unevenness of the sand-ore conbuet a sand brenls occamionaliy oc-
curred, filling drifte and raizes for several hundred feet. Such
oeCUTTENG:S werg mare, howoever, und o slicing: was cartied on For
sonle vogrs without serionsg aeeident. '

Threo principe! types of ore bodies are mined by top alicing o
the Mesahl raDge:

1. Fhin, ﬂa,tulﬁipl}ing ore bodics enly one alice {up to 20 feet) thick,
inelnding thin marging ar “ shore lines * of thicker ore bodiez,  {See
figr, 00, 5, p. 261.)

2, Ore bodics two to four slices thick,  (See fig, 11, 1+ 17.)

4. Thick vre bodies many slices Lhicly, such as ovenr near Eveleth,

Devetopment—Aller the hoisting shaft and hanlage-leve] develap-
menk near the hottom of the oro body are eompleled preparation for
stoping cohsists of puiting up raises to the top of the ore and con-
necling them on the upper sublevel by a “timber drift” Billdng
either may start from this drift ot right angles for parallel slicing
or ak varicus sngles for radial slicing, or a syatem of tramming drifis
may be driven first, (Heo fig. 66, B, 1. 261.) The first method is
usuully applicable to the thicker depostis where chute raizes may be
spaced s a8 to come within seraping distance of each slice face
withont much Jevelopment and raizing fn rock. The second moethad
iz employed in the thin, lat deposits where the sublevel tramming
drilte are driven in ore to avold » larev amonnt of dead work on
the haulage level. Frequently one or several timber sbafts are put
down from the surface al convenient places for loweringr tirnber and
Tngeiny directly to the sublevel on which it is to be used.

Puaroilel séieing—Pargllel top sleing nsually % bepun on any priven
sublevel al the property Hne or ore murgin and réetrests therelron,
longwall fashion, The slices ordinarily are Jdviven bt righl angles
1o the tramming or timber drift; for this resson the systemn zome-
times i3 enlled ©right-ungle slicing.” Sublevel intervals in regular
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slicing usually range from I0 to 14 feet. Ore only 16 to 20 feet
thiels, however, often is talten cut in o high slice from Hoor to capping
in «me operation. Hach slice is started by putting up * opening
getz at vight angles to the drift sete. The drifts wsmally are small,
and as Lhe opening setz go up to the capping or mat the back of the
drift oppozite the slice has to be talen down Hrst to make room for
them. I'rom these opening sets the slice iz advanced in one direetion
to the cove or fo the llmek of i slice. In zome mines the practies
iz 1o slice anly in one direction from the tramming deilt end eacry
ihe alice throash to the cave or bo the hext tomnming deifh, (See
lig, 66, 7.} In obheres the slices ere deiven in oth divections, bod ondy
halfeuy through the pillar between tramming drifts, to meei the
gliges from adjocent drifts,

When hand loading was employed it was customary to drive two
slices in width before hlisting down, thus making one traclk-laying
job serve for loading the ore from two slices. An 8-foot cap and 8-

oot {wide) slice were penerally nzed. Somethney three slices could

be opened up salely without thele taking undoe weight. Bines the
sdvent of power-scraper loading it Tws beeome more or less stand-
ard practice to drive glices 10 feet wide and to blast down each slice
ug it iz eompleted. Tf a second slee iz driven alongside an open
slice oueh of the ore is blasted into the latter and 1z diflicnlt to
reach with the seraper, especially if the first slice has beeome heavy
and center props have o b sel muiler the caps.

The slices are vsually advanced § foot each rownd, and slice thnbers
are seb on G-fout cenfers az the sliee advances. The zlies timbering
vinaists of aimple drift setz of round Hmber, with * jozeles ¥ cut
on the ends of the eaps. These sets ave placed and blocked to the
sides of the slice (fimber on the caved side und are on the opposite
alde} and wre lugged over and blocked on top. Callar hraces of
gty ronund poles ave plyesd bebween caps ab the ends and between
postz of adjacent sets. The lageing umnally is of round poles or
aplit, rowtid timber leemed ©split-lugring ™

Adter Iasting and before the Tace of the =lice iz muckad out, twe
i more round poles are driven over the cap of the lust standing set
and under the eap of the next to Lust set, forepole fashion, Thess
poles are croszlagged with shorl hourds or pieces of lagging Lo pro-
Lect the men working at the Tace and to eately up the overlying mak
ar capping.

Two miners uwsually drill, blast, serape out, and timber one set
of pround (5 foeb) per shift, +

Mice Hmber—HRound, green timber with the bark left on iz em-
ployed for slice seta. Tamarack makes about (he besi timber new
available, Considerable pine was used in eacly youvs, but it is now
vory searce and cannot be oblained in any quantily.  Some hemiacl
s nzed acd males good ttmber, Tirch, which is pléentiful, does not
male desirahble slice timboer, although some iz vsed. .

The timber is prurchased on specifications ss to size of the “tops
or stall ends of the timber,  Speeificstions vary somewhat gt the
different mines, depending on the width and height of slices, pros-
gure developed, and size and price of available tanber, Sizes speci-
fied by severnl typical mines are as follows: ' :

TS — T —— 13
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Ahice-timber spovifeatinns qend Dy poental mines
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Tu the shallower mines where prissures are not henvy the posts

- e geb with little Jf any batter, In decper mines whers the pressure

iz heavy and especiully where considerable side presure develops the
posts are well-batteree, -

Rudiel sliving —Radial slicing has come oto use with seraper load-
ing and is emeployed mosily in, and is best suited to, mines where the
me 18 saveral sublevels thick. Tor this reason it is not so common
on the Mesabi range ag in the other iron-ore disteicts, Radial-slicing
pIT_ulctica varigs sotnewhat at diflecent mines but s the same in prin-
eiple. :

J’ﬁlﬂﬂ[‘lﬂm ]
G
HEAR FELEVATIGN
Timme Gl.—Horaper lendiog from eiiee o eazs,

Whereas in parailel shizing the ore 15 conunonly loaded into crrs
(fig. @) amd then trammed to chutes, in radial dieing all orc is
serpped directly iuto chutes without intermedinte handling.  The ra-
diul slice was, of course, desizned to permit seraping the ore from a
_eongiderable aren ditoetly inlo chutes witlwuf dragging it around
sharp turns.  Right-angle tuens and sluep bends can be negotiated
with the seraper, guncrally by wsing defleching sheaves for the ropes
and vollers or hoardz nailed to the bottom, of 519 corner posts tn ease
the geraper around them wnd preveat if, from eatching on the timber.
Small seropers (36-inch box-type} used at one of the mines wisited
are pulled arcund righl-angle tiens without Tollers or boards and
weern t0 worlt very successfully, Targer serapurs probably would not
work so well. By close spacing of ruises on the suablevels parallel
glicing may also be used for dives. peraping to chutes, Whers this
method is employed the tops of the chutes pve generally 15 1o 18 or
even A8 feet aparl on the sublevel; the closur spacing is oblained by
driving bravches from lhe main rajses.

Figure 70 shows the general plan of workings »t a Mesabl ranpe
wine where radial slicing is emplayed and the suldevel interval is 12
feet, Bliving i hegun at the raises nearest the cave, property Hne,
or wining limi,  The first «lice is generally driven wlong the cave if
the cave comes to the side of the chute, and succeeding slices are
fanned out therefrom,  Tf the cave does not come to the raise a slee
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1s stavled toward the eave wnd normal o the side of the rise.  After
ihe first slice i driven the sueond slice is begun by propping the o

of tha first =et beyond the opening sut, removing the post on the side
next by the rad.ini slice, and blasting out a triangnlar enl.  {See fig.
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B CROSY-SECTION ON -V
Tloenr T0—Ridial top slicing 40 olmlea ot Meawbi rpoee mine 3 thieli ore Lody,

67, Oy A radial elice set is then placed asshown, The standard slice
zct nd thiz mine has a 10-foot post and an 8-fool cap, but the cap ol
the frat set nsually is shorter, and when the end of the slice is veached
18- to 13-foot caps nmay be required. AL other mines standard caps
ave nzed for all sets, In some mines the fivst radial slice is taken by
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removing a triengular eut {flg, 67, £) at the mner cemd of the first
stralght =lice. _

Onie objection to radial slicing iz the difficulty of stundardizing the
ents pnd timbering.  While it may not be much more diffieult to place
timabers in radial than in paraliel slicing, it is not feasibls to stand.
ardize vperations, timber, and slicing eyele, as in_parallel slicing.

Handling end loading ore —Today virtnally all the ove fTom both
development, and slicing is handled by power serapers which either
load mie ears or serape directly into chuies, With cars a short alide
i vonstrueted, and the londed seraper is pulled up the slide and dis-
charges the ore inie 2 enr underneath.  (See fig. 69.) For scraping
into chutes no special preparation is requived, eXeept to provide a
gafe stution for seiling up the scraper hoist.

Tha earbiest scraper equipment consisted of the ordibary fwo-
Tiandled surface seraper or “slusher ™, drawn by a small, single-drum
air tufgﬁl‘. The seraper was palled back to the face by hand and
sruided Into the muck pile by tho man at the face, the tugger pulling
it into the dirt and oné to the car or raize. This was an i provement:
on hand shoveling but was incficient Tor distances gpreater than 26 or
A0 fﬁet.] The small slnsher ig still employed in some mines for closn-
'I_]_'E'_'I WL : . .

Preseut seraping equipment consists of 36- to 48-inch (or lurger)
hox- or hoe-type serapers operated by 634- 1o &i-horsepower double-
druen electrie holst= The trend has been toward larger equipment,
and 42 to 48-tneh serapers and 10- to 15-horsepower hoists are stand-
ard for new equipment. At many mines the gperators s re now buying
nothing smaller than li-horscpower lwists. For top-slice mining
the economical linit in stse probably hins been reached, az enongh are

ar shift 1s not handled in each place to warrant lorger equipment.
Murthermare, lareer equwipiment would be hard 0 move through raises,
Lwndle, and install, and larger scrapors would not pass between tim-
hers as eusily, _ '

In top sliring the miners work In pairs on contract,  Novnwlly, two
shiftz are worked, there being four miners on a centract.  Bach con-
track iz usunlly assigned the slieing wnd drifting tributary to one
chute and may have 1, 2, or ceeazlonally’ 3 faces I which to work.
The emmfructors de their own tirbering, drilling, blasting, serapivg,
and tramwming at a set price per car of ere. ' Each contraet s fur-
vished with all equipment, including seraper, hotst, rope, sheaves,
drills, and steel, - :

A ftail sheave for pulling the e'mlptisurﬂ,per to the breast is seenred
at the face, nsually to a boom, whic
well after cach hlast.  Ofiten {he boom consists merely of a wooden
sprag or pole with one end weainst the last cap and fhe other headed
in u hiteh cut in the face near the top of the slice, Amnother {ype of
hoom 12 the {clescoping boom of heavy pipe. A third iz of extra-
heavy pipe, suspended under the last cap with & chain and having
two chilns on the rear end to seoure the boom in any desired swing
DOELtIn, . o

The trond toward lavger seraping equiprent hag vesnlted In longer
seraping distances with less development work vequired. At most
mines visited longer slives either were contemplated for new levels,

permits cleyning the fuce ont’
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or- it was stated that if development were {o be done over again
plans would be made for longer slices, With the present. scraping

mipment the length of slice is governed to n considersble extent
by the lengih that will stand up well, which depéndsz in {turm upon
the characior of the gronnd amd the gob.  If alse may be governsd
by the number of working places noeded to fernish the required
cutput rather than by the cupacity of the equipment.

AL one mine the main and sublevel drifts gro 50 feet apart, and
ihe raises arc 25 feel apart alony these drifts, On (he new lovels
it 1z planmed to drive the tramming drifts on 110-fool genters which
will give b5 feet of seraping length on each side. At another mine
where the tramming drifts woers 50 feet apart and the slices driven
on rme side only this short spacing was neceszary to provide enough
working places. The operntors of o single-sublevel mine where the
drifts were 75 feet apart stated that if they were to dévelop the
mine over again they wonld maoke the interval 100 feet or more,

Rlgsting down—When a slice haz been completed the side next
to solid ore ix Usually honrded up or coverm] with wire fencing,
and the hotiom i covered with mining hoards, lypging, or lapoioe
and wire forcing.  Cn the Moesabt range thera is ofien a good dea
of sand in the goli; where thiz is the case it may be neeeszary io

cover the bottom wnd sometimes the side of the slices with heards

to prevent conlamination of the ove. Sorms mines use wite fencing
o the side and boards an the bottom of the slices; others use wire
an both the side and hottern,  When fencing is used oo the bottom
poles ave laid along (e slice first, snd the wire is securcd on top
witl fence staples. The poles are geoeeslly 12 to 24 inches wpart
and lemg enough to span 2 or 5 sets.

In enrlier years it was standard practice to cover Loth the loltom
and the side with 1-inch pine ® mining boards ¥, which ate inferior
“to the poorest conmereial groides.  Today mining boards are mestly
of hurdwood, 3% to 34 inch thick ’

The wire fancing is a low-priced, galvanized-wire, diamend-mesh
“atation-gronnd * Teneing put wp in 10-rad rolls 42 inches wide and
cogting $12.50 to $13.50 per 1,000 square feet (1920). The cost of
material per square foof covered is gbout the same for boards as
for wire %unnin r, but, the cost of handling and placing the fencing
ijs muech loss. At one mine the cost of boards was about 4 cents per
ton of ore minad, whereas the cost of fencing was ouly (A7 cent per
ton of ore, the difforense being largely in the cost of handling and
installation. Tn sowme deeper mimes on the other ranges, where u
thick timber mal has secemulated, it iz nuneecssary to cover the side
of the shee since, when it is blasted down, virtuully ull the gob ig
wond,

After the slice has boen covered the enbrunon is hoarded over, the
posts nest. 1o the eave side are drilled with & weood anger, wnd por-
tioms of sticks of powder with fuze and caps are inselteﬁ int the holes

and the timbers blagted. Us=nally work can be started in the nest

slieo alongside the hlosted slice the next day.

Slicing on the sublevel below may begin alter n considerable ares.
almve Liws been mined and eaved, and the eave has become (iriel and
seitled, Thus gliemg may be in progress on several sublevels st the
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game time provided on any given sublevel it is kept well whead of
that on the soblewel Lelow so that™ it is alwaye under a well-settled
mat.

- Deilling and Blasting —The Mesabl ores are soft hematite and
limomite and are drilled with wuger steel, using light hammer drills
equipped with speeial rotation mechanism. Hand angors are still
uﬂodp or drilling holes in treacherous ground where vibrution of the
hammer drills might loogen and jar down a slab of ore. The aoft
ores drill easily and break fine, It is nsvally unnecessary to drill
tegular eat holes in the slices, and pll holes except: the hiffers are
drilied at an angle above the horizontal, -

The ground is broken with 35- or 40-percent low-freezing, gelafin
dynamite, and about 0.4 pound of explosive 18 wsed per ton of ove
on the wiwerage. 1'or rock development f- or 60-percent-sirength
explosive Is commonly emploved.

Tn to]En slicing care must be talen to avetd hlasting out the timbers
while the slices are being wdvanced. In hard, tough ground the dif-
fleulty obviously is greater tham in soff, cnsitl;,r broken ore, Before
tho face i hiastod collar Lraces are placed between the timbers of
tha Tnsh fwe standing setz gnd braces bolween the bottoms of the
sosts.  Tlemaliy rhie prevenls the titwher from heing knocked down,

ut it nay be broken if the side pnd back hoies are loaded too heavily
or 1f the first holes de nob hreale well,

{174 UNA LAXRGE

On the Cuyuna range in Minnesota the are bodica oceur as lenses
in intensely folded slates, schists, and cherty formations. Mast of
the ore is fairly soft, but hard ores also oceur. Here, 25 on the 3e-
gabi range, some of the ore bodies wre wide, lle under shallow cover,

and arc minable by open-pit methods. The district as o whole is

‘eovered by a thick overburden of glaciel drift which is water-

bewring, :

Nurrow lenses of ore dipping st rather sloep anglés are common
amd these are mined by mnderground methods, both top sHeing and
stblevel caving beinge emplared. At one mine visited tEa ol rangos
m thickoess from o few feet to w anximum of 50 or 75 feul; the 1m-
mediate hanging wall is & soft paint rock which is heavy and sloughs
readily, especinily when wet, az it often iz, The dip ranges from 55¢
to T5°, averaging about 65° ° The ore does not ceour uaniformly along
the sirike het consists of several lenses ar bitlges more or less con.
nected by narrow seams of ore,

Main levels wee driven about 150 feul apart vertteally und eonsist
of a short crossent from a vertical shaft and a single longitudmal
drift alung the footwall, ({Ses fig. T1L) ‘Two-compartment eribhod
raises ofe put up along the Lootwall at wbout &-foot intervals, al-
though this varies, depending npon the location und lengihs of the
ore lensig, ' )

Timber drifts coimect theae raises along the foolwall and are ahout
B0 feet apuret on the dip.  Commecting drifts are not driven on the
sublevel botwesn these Mimnber-tramming levels, but tuggers are em-
ploved to hoist timber to them from the fimhber drifis, %lgimher anel
men gre handled throvgh e timber shaft some distance from the ore-
hoisting shaft,
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The radial lop-slising system 12 employed nf this mine, the sublevel
inberval being 11 feet. Radinl slicing is legun from the raise oo
any given sublevel, and the firgt sliee s wimalky driven along the
footwall. Sneceeding slices are swung around from ihe footwall on
vne #ide of the raise to the foobwall vn the other side, altbough this
practica somedmey iz varied to meet local eonditions  As the beavy
hanging wall iz approached the slices pro swung ko meet it wf an
angle of 80° (the last caps boing purallel fo the strile}.  Clonlaani-
nation of the ore by hu.nglng—mﬁl wdnt vock ig earvfully avoided.

A fyllewidth sliee iz 12 Toet, but the slice narrnes where it branches
oif from a precedinge slice or from the raise.  Slices ave ns long as
100 fiusd, bt wsmally are luss, the length dependinge vpon the sparing
vi the raises and width of the ore. '
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After a mab Tag been sturted no boards or wite fencing are used
on bhe sides of the slices, but the hotlom of esch alies 5 carvefully
covered with poles aeross which L4-ineh hardwood mining boards
arc lmid. No wire feneiny i used at thiz property.

Speclfications for timber are as follows:

Wap aion, Fop wid,

FaaueA LE e
PoslE e ___. Y117 | Lagging___ - BT
Camks e i ———— e 1215 § Toles e - e 3-8

Sexaping is done with 2 box-type seraper 34 inches wide having
romnded sades and o #@0-potmd lead weight on the back.

THELMILIOH LA MUH

At Ely, Minn, the ove ocenrs in 8 deep trough belween green-
stome walls and under w copping of jusper.  (Sew hg, 72, 4, p, 972.)
The immediale wall rocde 5 vsually a 4hin layer of paint rock. The
ore bodies are irmyrular in outline and ronge up to 300 or 400 feef
in width. The ore vories in churaeter from sofi hematite to hard,
speciilar hemadite and is high in iron content,
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In the earlier years a chuote-cuving method of mining was em-
ployed, nnd later top slicing was introduced to obigin higher recovery
and less dilution. More recently somes of the mites Lave uwsed enb-
level enving for mining part or all of the ore.
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Blieing nod seblevel caving are now heing earried on alb considor-
able depth helow the surface and often under o et weonbndated
from s2veral hundred feet of top slicing on the upper levels. The
mineg are developed by shafts flr)um whick maip hauluge Isvels yre
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driven ut 100-foot vertical intervals, In the widest ore bodies the
main levels ave somelimes laid out with a loop-huulage system having
crossdvifus & to 80 fect apart.

At ons mine n new level iz being developed with crossdrifts HU
feet apark cenler 1o center.  (Sve fig. 72, B, p. 272.) At thiz mine

“vaises aTe put Up from the erossdrifts on 3h-Toot centers. Radial

top slicing iz wnployed with a sublevel interval or slice hright of 1215
foet, A Gulier drift Iz driven on fhe =oblevel 30 feet abowe the
haulrge Jevel (halfway butwesn the main havlage levels), bub
no timber drifts are driven on the ofher sublevelz, all timber being
hoigted up to them with tugger hoists.

The mat consists of timber -zecumulated from 400 feet to top
slising on the wpper levels, und although very heavy it serves fo
prevent contamingtion of the ore with rock. The timber specificn-
tions eall for 8- to 10-inch round timber for hoth posts and eaps.
Caps are 8 feet long, The posts, which are 10 fect long, are bat-
tered to give a slice width of 10 feel at the boltom.

Before a slice is blasied down round poles are placed on the hot-
tom, and wire faneing is loid vn and seenred to the poles with fence
glaples.  As vivtnally oll I mat is Gmber with litlgu wlmixture of
ca}pping the gide of the dlive does not have to be covered ot all.  Often
when u slice i driven along the cave the mat looks like o solid pile
of covdwood, it iz 8o clean and fres from, waste,

- The broken ore 1s scraped from. the slice divectly inio the chutes
by means of 48-ineh, hoe-type scrapers weighing about 750 pounds
and operated by double-drim, [5-horsepower, electric tugper hoists.
The sorapers ure construeied with teeth on one side and o manganese-
aterl olae on the other. There are elphl manganese-steel teeth, In
st uf the ihick aconmulation of mat ok depths of about 1,200 to
1400 foet good ventilation is maintained, and very warm pleces
HUe AT

Another mine, whers the ore trough dipe aboub 707, iz developed
by a vertical shaft in the fostwall from which haulage levels are
driven at 100-foot intervals. The deposié averages 100 to 125 feel
in width nnd iz ey much as 300 fect wide in one soetion. The ore
ranges from soit to very hard, specular hematite.  The mnin level 1s
KJE‘I.-'EICI[]EI] as shown in fig. 72, ¢, Raises are pob up on 85-foot cen-
ters ot an inclination of 70°. Parallel top shcing is used in some
parts of the mine and sublevel caving in others. The sublevel inter-
vul is 1904 feet for top sfleing and 20 feet for sublevel caving, The
line of ralzes iz connected with a timber drift on each zubluvel. Be-
fore the slives ure driven (o the foot and hanging wall on each sub.
lavel, inelined braneh raises are driven from o point 24 feck below
to split the distance between the main raises om the sliving Jevel.
This perniils scraping diveetly to the chutes from each slice without
rc.lcurtur%g to ra-ﬂilh glfic.i_nw or seraplag around sharp turng, Slices
are 10 fvet wide, and 10-Faat caps and postz are used. There is &
thick accumulation of timber in the mat. Seis are & or § to 7 lest
apart, dapenthng upon the ground, and the posts of the sets are hat-
tered.  Hlices avermge 60 Leeh in length and are longer in wide ore.
Hoo-type scrapers 45 inches wide, operated by 15-hp. electrie, dov-
ble-drum holzts are used to serape the ore into the chuts rafsss,
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- Bach 10-foot slice is blasted deown separately in top slicing, and
bhecause of the mood tmber met it I8 arnecessary to cover the sides
of the slices before blasting down, A floor of 2inch plank- iz lald
on. the bottom of the slice, us it is advenced, to form a smooth sorface
for the scraper, and this iz left in when blasting down.

Heavy drilters ozl hollow steel with crossbits are emploged for
drilling in Lard ove, whereas light hamwner drills and auger steel
are used 1n soft ares,

HATRQTIRTIE AN .

On the Marquette vange, Miclipan, the soft ores are vsually mingd
by top wlicing hut sometnnes by sublevel eaving. The ore badics are
enrichied portions of iron formelion In mimor folds or troughs super-
imposed on o wide, westwanrd-pitching synelinorium: ot af the inter-
soetion of diorite dikes. The ron formation consists of ferruginows
chertz and slates infruded by diorite diles and zills. The fodtwall
formation usually is the Slame slate, which contains some cherby,
ferruginons phases. The footwall ordinarily iz quite repular, but
irregular lenses and chimneys of ore often extensl upward into the
overlying iron formation, and the upper bowndurics of the ors bodies
o o s.?nu'p, The av&:ri}ring beds of chert and jasper. are hared but
friakble und, whon eaved, bresk into o mediom-size rubble. The
rocks of the aren are overlain by thick glacisl drift in mest places.
DPrezert mining operations are ok depths ranging from less Lhun
1,000 feot to ahout 2,500 feet, s that the pressures cncountered in top
sliving often are congiderable.

Individun] are hadies range in #ize from morow lenses to bodies
200 Lot wide and 150 fest ov more thick,

Mine No. 8, Harguetie range—The ore s a soft, hydrated hema-
tite, of which some is very bigh grude, but some conlains eonsiderabls
silicents tnatertul, The high-prode ore generully requires #imber
to support all but the smaller openings and iz miined by top slicing;
it ean be drilled with auger drills,  Dikes which ocens-in the ore
bodies are hudly decomposed and do not stand well when exposel
to the air; they mast be sorled carefolly from the wre as it i3 mined,

Hawlage levels are 150, 200, or 2350 feet apart, and n 1929 the
bottomn level was at o depth of 1,650 feet. Crilbbed ralses 50 to
100 feet apart sro put up from the haulage level at inelinazlions of
65° to T5° They are put up to the {op of the ore body and 10 1o
15 fect below the top are conneeted by a sublevel drift.  Sliee drifts
10 feel hizh' are mined radially from the top of each roise, ({Soe
fig. 67, .} A slice iz first taken along one side of the drift, fol-
Iowed by suscecding slives sy shown. These are timbered with 8-
foot rownd timbers and are lugged ecavefully as they are driven.
Three and somedimes four alices are laken before the timbers show
that they wre tnlong weight. When this oceurs the floor in each
glice is covered with 2%-tneh round poles 814 feet fong laid along-
gide each other and overlapping 2 feet on the ends, und the timbers
are blasted Jown, "Slieing iz eontinued ovotil all the ore on the
smiblovel tributary to a given raise has heen sliced and caved, then
the ntiners cut a drift from the raise 10 feet Inwer down and start

= Eaten, Lugicn, Mining Soft Bamelile ot Mlwe Mo, 2 of e Marvquetin Tnwge, Michis
puan: Laf. Cire, G170, Dureauw of Minee, 1928, 15 pp,
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slicing up to the met on the first sublevel in the same manner us
before, The ore is drilled with soger drills of the jackhammer
type, using twisted wuper steel of diwmond section 114 inches by
7, meh on the center lnes. Three rows of holes are required, three
ir the top row and four im vech of the vihers; 60-percent galatin
dynamite is used in Blasting. The ore is deugged to the chutes with
$id-inch, hoe-type scrapers wnI%hing 828 pounds. Each working
plase is supplied with two to four long extension cords with filk-
watt lampa abbached, '

Im 1988, 240,000 tons wers mined by top slicing at thiz property.
Direct stoping costs were ag follows:

Direal gltoping costs, Mine ¥o, 32, Warguelte sunpe, S8

Cogte por ToaT ton Curufa e inger ton
af e hdeted oy ore fafutod
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Bupervislon e A | Pwober e LD
Corowessed  oir,  dArills,  and lwer spplies e _ OTh
Bl v e e R & i1
Cower LT T N LT
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Mine No. s, Harguette ronge®—Tha ore body lies in o large syn-
vline dipping sbeout 15° to the wesk; it 13 quite regolar, being about
104} Leel; thick in the widdle of the syneline and thinning out on
bobh sides, and ranges from 400 to H00 Leet in width, averuging 600
fuet, The fostwall 15 uniferm in strike andd dip, ot irregular lenses
of ore oller extend 30 to 73 fout up into the owerlying jasper. The
ore is high-greade soft hematite, is casily drilled, wnd breaks into n
fine aggregaty which i3 essily hendled by scrapers, Some hard
seams of blue ore oecur near the hnnging wall which are ensily
idrilled but bresk in large chunlks 'Tﬁ:e overlying jesper brealws
into eoarse riebhle when ftis caved.

Parallel, main-leve] erosscuts are driven across the ore frowm foob
i hanging wull, und from these iwo-compartment cribbed raises
are put up on 55-loot centers and. at an inelination of §5° to 707
This areasgument provides for sublovel panels 35 by T8 foet on
each side of sach raise. These panels arc mined by one siraight
slice drift and two gide slices. (See fig. 78, p. 274} Ouly ons
sob-np of the seraper holst i3 required for taking the three sliees on
vaeh side of the raice, Sometimes it is pecsssary to retimber around
the top of o raise after one side has been diced out and before a
glice s started on the oppogite side, but as 2 1ulas this s not required.
The three-slice panalz are of such 4 size that all the ore can be mined
without undue pressure being developed before the ore near the
rafses is extracted. Ouw each aublevel the lines of raises wre con-
nected by drifts for handiing timber, for ventilation, and for salety,
Theze driffs wre timbered with sete on 5-fum centers, nsing 8-oot
posts and caps. A sublevel interval of 10 to 1 feet was nsed for-
merly, but lately (1930) this has been inercased to 12 or 13 feef.

After the breast of w slice haz been blasted the back js earefully
trinamed to the mat above, nod at least three fove poles 5 or 6 inches
in diameter are pul in and covered with lageing to catch vp the

¥ Gradf, W. V., Mining Teacilese, Methodr, and Coste ot Mine Moo B of e derquette
Bange, Micligan  fni. Clre, U480, Buresu of Mines, 1010, LI g,



276 STOPING METHODS AND OOSTH

mal, wnd prateet the adners, The ore 3s then seraped to the raize,
afier which the next set of timber is instulled. Poles 24 oot long
and 4 to § inches In diameter arve loid along the drift and spiked
to thres crosspieces or sills.  Tnder the hanging wall, or near diles

! . .. o ns g I "
\11 ke, ol

Fieuse TH-=11sn of typlen) snllderel, Merqoatte taap, ghowlmg mnin-devel derelapment nnd
urrungernent ol elices in mindne blecis, ]

or horses of Jasper, these poles are placed close together and covered
with cross lagaing to protect the sublevel below from runs of rock.
Where theri is o good mat overhead the poles are 6 to B inches apart,
The poles form @ good floor for the- scrapers Lo ride on and an
excellent cover to work under on the sublevel below. Wirs neiting
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iz spread over the poles in new tervitory, pacticulerls undeér vew
hanging wall, to make 2 more sceure mat.
* Electric double-drun seraper hoists are nsed for handling 36-ineh
hox-type scrapers i the slices.

Divect stoping coste during 1920 were as follows

Adrnet atopimg coste, Maee Ko, 4, Werguetde range, 1025

gt por by 1en Caat per Ty fode

af e Nofslad &f erv Toleted
Labor Eh42 Explnslven $), 055
Aupervinim e Tieher ... .0
Compressod  afr,  cdrille,  wmd her gupplies Al
2te] U s - . e
Birwa R Tolad - am 7D

Lubor performanes in staping was as fallows:

Mea-hpar por Lony tons
Iaagy ot Jler mld=elidfe

Brealking {(drilling nod blosting)___ 0, 03 HE, 02
"Plinbmeritig e e 2TR 28, 1
Munling e imE ) o imeeemu e L 181 44, 75
Bupervizion — e L (K25 20, Al
Gonarel JE— ————— 195 24 21

Tatnl : e ——e L BBT 12,18

Consumplion of explosives in stopes was 0872 pound of 50 and
Gl-percent low-freezing golatin dynamite per Inng ton of ore mined.
Congumption of timber was (L67 Hnear fool per ton of ore.

Athens andne—At the Athens mine o top-slicing system is uzed
which Is the reverse of the usual one in thol mining is hegun af a
bloeks 1 the lowest section of the mine and advances n anceessively
higher blocks up the piteh of o flat-pilehing ore hody. The follow-
ing 12 an abstract of o paper in which 5. R, Elliott ®* describes the
S¥stem :

The- Atheny grztern {8 hased on the prinelple {hat in 8 teine nodlor deep
rockE covor, actnal caving to (he sersaes often tiules years (o acaanplish,
IC sliciog b sturled {u the upper seetlon ol the mine aned the surfuee is
covergd by w lieavy mentle of sand and? gravel ssborated with water,
this water und zand will zraet 149 fwd = way into the mine as soon oz
the rock cogming brealis, which will be mech culior than if slleinge wara
afiried In the decpest section of the mine, Then, os minier peogreszes
dwwnwnrd, the ocden of pomping will steodily ineresge, ws will the
vwwelght 1o he conienlled.  To ovorrome his ohjecilon 1be Athéns system
was cdevised.  (Hee fig T4} The system is peacticoble only inoa com-
pRratively fat dopesit.
_According to Elicth the prineipal argument aoaingt the system
13 the interest on the original investment, Ho expected this dis-
advantage to be offset as follows: _ :

(1} Prohibitive pressures will be avoided, thus muking o large
gaving n limber cosh. . T

(2) The ore body will be drained, and no surface wuler will paes
through the working pluces hecwnse any eaves to the surface will
be below the active workings, By draining the ore and providing
dry working places effiviency will be inereaged wnd the cost lowered,

LB, S T, -Atlume Bretem of Mioing @ Wrave. A, Tngt Min. wod el W, val, 86,
1021, pp, 2o0-20E,
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The saving in Ireight by shipping dry ore will bo considerable over
& period of Fears.

{8) Pumping will be less than In the umal system, beeanuse it will
take years to hreak the surfuee, After caving to the surfacc
ocenrs and e size of the hole incresses, draining a larper sres,
the pumping head will be decreasing as suecemive levels ars
shandened. '

n
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Trduen T4 —Top-elleiog eysben of AfScos mine, Mamuetts ranyra {(afier Bllistt, A, R., The
E‘-EEF“S Seelem of Minduyg: Teane Am. Inze. X amd Met, Seg, vol. G0, 1921, pp. 2210-
SR, )

(d) The system is thonght to be safer than the ordinary systemn
Liecanse a large proportion of the miners always are working under
a aolidl eapping,

CATANTA, MEXI{xr

At tho Copote and Veta Grandes mines sqhare-setting and top
alieing have accounted lor most of the tonnage to date (1928).%

“ECatron, WUlem, dHRing Methods, Fractiees, sod Cogte of the Canpnes Copsolideted
Copper Co., Benen, Mezieo ' Inf. Clee. B247, 1080, 41 oE.
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Top slicing also Is employed 1 the Coloradu mine Lor mining pillars
hetvween finished, eut-and-GI1 stopwes and pacts of the ore body whieh
are too selt wnd irrgeular for cut-and-H stoping Slices are 11
foet thick, and ench floor has drifl. eonneciions with salfety exits
cutzide the ore body, Main raisus are 40 feel aparl along the center
of the Mock of ore, and branch relses aee deiven from these to give
the regoired spacing on the slice flonrs,  Blocks abowe the 800-Faot
Yowel are 30 Feet wide, and those below this lovel are §0 fect wide.
In one pillar belween ent-nnd-fill stopes a madifcation of the
nzmnl method was on toial in 1832, U[lﬂlur this seheme the Leoleen
ore is dropped through o geries of short raises from the slicing floor

o tme— W —ap—
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Hisvue TH—2Trapafer anblevel top-sliciog syetem, Ta Colorain mioe, Mexiee,

to & sublevel one or two floors below. From here (he ore s drageed
by a scraper to & main raise to the haumlape level,  (Mee fig Tﬁ,cjl
This necessitates less development than under the old system an
gives better chute specing on the slicing floor. The fizure shows
the teduction in the puount of rasing required.  The dotied lines
on the longitehinal projection are raizes required under the old
system but not with the transfer sysiem.

Direct stoping cosls in top slicimg for the firsh 8 months of 1831
were as follows: :

JMrent siapdsr cosla, tan sliobery, Colerade mdne, 7811

Clast ey bow Fosv ger Lo

Labor [(vlmberlog, renking, Plmber ___. - . R 1 i )

Al meEINEamme e B AYST | Miscellaneows sunplios L 0T2

Compressad  air, dArilly, nod Gohbing— e 10BE
SRl e P = ]
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WIAAT, ALl

A Dlock or pancl systemn of top slicing formerly was etaployed at
Miami for mining the higher-grade nres® The area in which top
slicing wag used was about 800 feof square. Most of the ore was
soft but was considersbly harder than the eapping. The latter was
_giliceons wnd seldem contained any clay or other binding material,
go that it broke into fine particles wl:ich ran like sund.

Havlage levels wore 150 feet wparl, with twe intermediate sub- -
levals at §0-foot imlervals to facilitate building chutaes wnd for ven-

v | Ir )
o
" B:IHLH.ﬂ.Eﬂ
- a rhup'pa' LEnta ﬁ
L]
[ ]

tegsi e 1
TFisopn TE—FPln of suteezaive stups in Llock method of 1op =living, Miunf, Arls,

tilation during slieing. Haulage drifts were driven on 50-Fout cen-
fers, wnil raises were put up S0 feet apart zlong these Jrifls, For
slieing the aren was blocked out o mining uniis 200 to 250 fest
square after it wus found that in working ﬂ.blnng face of retreating
slices the entranes drifes took weight and reqnired a larege amount of
rebimbering.

Ab the center of each block (fig. 78) » twao-compartihent supply

raize was put up. Four bulkheads wers placed as shown in section

2 Denn, B, 4z, Dlack Method af Lep SMelag G Miumi: Mln. and #0). Dress, Oce 21,
1615, pp. O0a—giz.
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1, figure 76, and drifts were run to the bonndaries of the blocls, The
seguenee of glicing iz shown in the figure. Slices were timbered with
sets consisting of two B-foot posts and a 13-foot cap, or with double
gets of throe B-lool posty and bwo T-foot eaps. The slices were 10
feet high, As soon as the first slices had advanced a few feet the
speone] wnd third elices were bepun, alse the first glices toward the
coenters of the Block limitz. Where a good mat had not been estab-
lished - floar of 2.neh plank was spiked to 2- by 10-inch aills, . Where
there waz a good mab no flom was laid in the shces before blasting
down. When the slice timbers showed signs of taking weipht bulk-

Teads of old timberz were built ab Lhe enlranee Lo the slices and the

posls were driiled and shot down.

Ay ihe last of the ore in a block was being taken, crosseufs wern
driven o itelined ralzes put ap to abouat the center of the four cen-
tral pillars {fig, 76, section 3) and slicing was continued, woerking
from the outside of the remaining orve toward the central supply
raise. The ore was shoveled by hand into wheslbareows and dumped
into the raizes. ' .

This system had an advantage in that o large vumber of working

laees could be concentrated in a -:ompfbrative%gr small area and the
hlocdms could be wovked cut.quickly, thus reducing retimbering and
maintenanee, Dean states that, compared to the fivst system tried
using long faces, the production per shoveler-shift was rulsed Trom
9 to 20 tons and that per man-shift from 5 to 10 tons.

PEANCL INETRICT—TRCLINED D SIICIRG

In 1910 top slicing and sublevel enving were used at the Metealf
Morenci, and Covongdo mines in addition fo open, ent-and-fill, and
seuare-zet stopes,™  Flab or horizontal slicing was nsed at this time
with a sublevel inderval of & to 11 fest. Betore top slicing was be-
i, 2 or 5 floors of sguare-set stopes were taken below the capping
tv level off the top of the ore body, end a pood timber wat was
established under whicll top-slicingr progressed.

In: 19417 an inelined top-sleing method was in use in the Coronudo
mine ™  {Ses fig. 68, p. 203.}

The following description 18 talen from Bureau of Minea Infor-
mation Cireular 6107, puge 14,

In 37 an inglived fop-slleing methed wus o use in the Coronaie mine
of the Avlzoma Copper Oo. Fhis method hud the advantage of slimiopgting
atl shoveling of ore 1n the gtopes.  The broken ore was blosled down on the
gluping foor of the sope fromm which I ran iote a nereow shrinkage siope
at the botiom of the teoogh. The ore from the soiwkasce gtope was drown
directly inlg cars therough chules on Lhe roolot-haglaee lovel, A= g me=inlt
of the substitntion: of fielined top silcing for Aut top sliclog, (e tondg of ore
mined per nmuniezhift o top-slice stopes loeveazed fromn 4 in 1916 to 11.20
in 1817, The 1ofal cosm of laber asil materisl deercased from 8100 to $095
duritig the sgme poriod.

A varigtion of the aame welfud of inclined top sllclog wes adopted dn e
Humboldt mine at Moreone! in T8& At thils mine the development work von-
pistedl Of cnnping sablevels ar HFfont veriiesl inlervals and estending ratzes
troan the autdevel: to Lbe slopes, Toach sublevel hedd a central deift threosgh

M Mogler, McHonry, and Rherman, Ceeald, H!J:ling,'BI‘ractlce of Moeened Brgweb, Theipe
Dud%‘l{i Ruorprorilloos, Mareng), Arcis s Lol Cice, 107, Bunuo of Miove, 1923, 23 pp.

* Eastinnd, B, B., The (aronads Pop-Bleiny Moethed @ v apd Min., Foue, vol, 103,
Apr, T, LT, prv. G01-6HE,
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the-ore body, with crosseuts st right angles to 6 ot 5k pe. 60500t Iotervals,
Frum the Tatier, noumbered vaises not over & fect in lintoeter were pot up
eferr 15 feet.  These lines of raises Tornied the esnter NHoes of the individonl
slleps i stoping, nn inclined hedding wou deiven 44 feet phove the sublevel,
starting af gne end of the Hoe of eaises, Chis heading was fmbersd with sets
11 deet hizh and 244 Teet apxrl. As soon 68 the heading Ly gone far fuough
to fnterseel four, rulses, stoplue was hegup, e ground was taken auf: 1n
Panelg 1 foct wide and 60 pr 60 leet Iong, corrosponding do ghe distwnce hes
twern ATifts on 1be sublevel. The flogr of the pancl wne inglined 33° on eftlior
slde of the center headlng, and the Soor of [he bewdiog wae fanncled:dewn fo
the raises, so that oro Wasled Teean [e fucee of the pancls woirld o into
ane of the raised wilthoot any hundilng. When the Beading had advaneed to
operi analtler rafse, whith completed e pancl, the fimber wos blasted ard
englliey’ staried. Posty io- lie punels were T-inch round Heher; 10 feet- Iong,
o A-fool cenlers up the Inclive nnd S-fool ceolers porallel to the Leoding.
These posts were oot ect normol o the Noor of the paned but inelined towacd
the eentor heading nf an ungle of 1634° from fho vortlenl Flopelney consisted
of 2 by 12jneh plundkz laid upeie =llls of Tetad Ghubee, The sflls were so
Ploced as fo e cemdly plolied up by ihe posts of the next Jower slice. The ore
was dravn from ehoresd on the sublevel sl band-trammed to motor-haolage
pockets, The substilution of inelined tep sliclog for Aol Lep slicing reanited
il inctessing the tons mioed per man-ghiflh Cean 54 I;p 1907 to 55 in L3149,
The timber consumpiion was 7.8 heod feet per too with dat top slicing .ond
wng B0 hoard feet wilh Inelined sliving,  The toddl cost elowed o reduetlon

of 16 percent ix fevor of the Inelined method, S

Tt would geem that, with the dévelopment of undeérground seraping
and scraper hoists to thelr present elliciency, any advantage that
inclined top slieing might formerly have had over horizontal slicing
would exist no longer. ' : o . o

The lahor of handling and installing timber, drilling equipment,
and gear on the nclines and the diffeulty of worldng on a sloping
floor compared ko & flul floor are disadvantages of the inclined top-
slieing systein,  Tons per man in flat slicing nsing scrapers  average
about 15 (2,240 pounds) in the Lale Superior district as azainst
11.2 (2,000 pounds} for fnelined top sliclng at Morenci.' Moreovor,
inelined top slicing at the Humbaoldf mine required mere timber than
flud shicing, : . -

LIS, AT IR,

About 1914 it wias Jecided thaet the top-slicing niéihod. craployed
on the Mesabi range might he wpplicd to & large body of oxide ore
m which heavy and ewelling ground made the cost of sguire-sot
stoping excessive® The deposit was divided into sections 45 foeh
wide acrss the ore body, which ranged np to 50 feet in width:; the
sconomical Hmit wag 100 feet high. o o P "

The sectichs were developed by and mined through a pair of
ilouble-compartment tiwbored reises.  (See fig, 77, # and g} Frow
the chite compartment parallel lead rows of square-sets wers carried
the width of the ore or section on the three floors Leneslh the
henging wall. On each suecceedingly lower foor the squarcsets are
carried for a shorter distanee to kive a footwall of unbroken pround
sloping toward the chutes in:the main haulage deift, A pillare 40 Fouk
widle i left betwesn the square-set rows which is mined by horvizontal
alices from the top downwasl, onc-half of the pillar being taken
from each side. The back is caved as stoping progresses. '

It waz found that the maximum slics that could be carpied znfaly
was W4 feet thicle, and this thickness was not attempied until the

 Willey, Howard, Top HUclnr with Fllling of E-;]'mn% us used ut the Chargan -Tnil of
Am, Eoet. Alin, pad bel. Eng, vol, 15, 1948, pp, 127-134,
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fourth slice was Laleen and the caved mat was under perfect contral.
Btoping eost was reduced 10 pereent eompared o ordinary top
slieings labor gost was redueed aboul 18 pereent; and consumption
of powder was less. The ore could he mined ru,pidlg' and safuly,
and, an entput of 10 tong conld be oltained per man-shitf, or 185 tons
per section per day.
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DHJ'LI'H.E.I\I'L BaN LUIS PLAMSI, MIXICO

Top slicing with filling of slices has heen used ab the Charens unik
of tha Cia Minera Asareo 3 AP to mine partly worked-oul see-
ticns of the mine and bhe very heavy ground n most of the stopes
opened in virgin ore. The ome shool iz abont 1400 feet long in
a fissure, with an average dip of T0°, The footwall ranges from
strong lhpestone to broken, metamorphosed limestone that requires
heavy timbering. In some sections 16 1s an altered, ecrambly
porpliyry. ‘The stoping width ranges from a fow feet to more than
00 and averages about 80 Tek.

The method employed is stated 1o hove the following advantages
over syuaTe-sotting : (1) Greater salely for the worlmen, (2} better
total rocovery and eleaner mdning, and {(3) lower cost per ton nined.

Tho stopes are developed by Lwo-compartment raises 100 Feet
apart, which are driven i!-mm- 2 footwall tramming drift and leave
a G-Loob pillar belwweon the raises and the vein. :

The top floor or slice is mined by synare-selbing without any
gills under the posts, As square-setling proceeds, =ills 10 fest lon
ot longer are laid helwesn the posts from foot to hanging wall snc
are placed om S-foot centers. A floor of 2-ineh plank is Fald on these

= Willey, Howard, Tap Slivlng with Fllfior of BMoeee, na ueed at the Chorenp Ooid ol
the o Mipern Aswreo, B A7 Techo 10l 3900, eliss A, Mob BEiu., na. 41, Am. 1nsl,
Mlo, and Met Eom, 1380, 17 1y, . . o v
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gille.  As fecring is laid the square-gets are back-filled a3 closcly as
possibla with waste.

After the equare-set floor has been completely mined and filled o
croszout 1z started to the vein from the ore pass 19 Feet helow the
foor, frmn which a narrow drift 1=z driven along the footwall of
the vein 50 feet in each direction to connectl with the raises on either
side wnd to develop the next sliciog level, This drift iz usnally 12
feet high with two posts at 5-Ioot intervals entching up the sills of
the floor above, ' .

LESEMND
EEE bttt Ertn

BEA il hu'.gm,.j_frl.
=X [}ogﬂ-.-l’".ll gum .

A

YIaGRE T3 —d, Flun of stape fone, Chaceas, Han Taig 1olusi, Mesleo, showine propresa of
minlug 3 &, eectlon (heooel wosle pass,  (After Willery, Howard, Tech, Foke, 854, Am.
Inwi. Min, und dlct Bng, 19300)

Mlices 5 leet wide nre driven from this drife toward the han 'ﬂ%
wall, using paire of posls on 5-foot centers to calch up the sills of
ihe Avor ahove, A 1:351,?1 of the method is shown in figure 78, 4. Tt
differs from the usual top-slicing system in that (1) the alices are
back-filled as they advance, (2) Eusfs and headblocls sre used in-
stead of drilt sets to catch up the floor above, wnd (#) since the
slices are filled the timbers are not blasted out. "Waste for flling iz
obtained by connecting ihe footwall drift with the waste pasz as
shown, the Moo of the eonnecting crosseul being 8 Teet above the
hottom of the slice, (Bee fig, 78, B.) As the slices advanee, sills
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are laid and fluered a5 on the top fluor and the waste filling ie placed
on thiz floor. Successively lower floars are worked in ihe =ame
mANNAL.

Cost savings per ton with this method compared with sguare-

setting are as follows: Iintgrin  Hindup in
Lfrplin nhiE

WG st kinie

TBOT o m e S0 108 B0 10

Hxpnosives___________ _____ et 113 LE

Lumber and tinger_. __ . e L1l 2T

Totnl savitg Ly “use of Alled lop-elice sloping Ak .

Chareus e oo N . 535 L e

Production per man-shift s approximately the snate ag for square-

set worl, us follows: Firghe ore,  OIEworhing,

tmetrio tong  WIeiric tong

Qare-set - - et 1,88 i84

I'illegd top sliee e - 144 184

- The reeovery of ors by the filled Lop-slice niethod iz estimated at
virtuslly 100 percent as agrinst $3 percent by square-getiing will
back filling.

FIANKLIN, H. F,

For gome Fears mast of the output from the Franklin mive has
heen produced by top-slicing pillavs beatween filled transverse stopes,
Thea: pillars averags about 32 fest in width, thelr length betng the
game 42 the width of the ore body, which ranges up o & mazimum
of 150 fect. The level interval is 100 feet, so that these pillars com-

rise blocks of ore 100 fect high and 32 feet wide, extending from
foot to hanging wall.

The pillars are developed for top sHeing from individual footmall
raises comneeted by longitudinal feetwall drifts. The raises are
upposite the center lines of the pillure, aod, from these, drifts are
driven through the centers of the pillara an each sublevel, heginning
at the top. Haises arn put up from haunlage-ievel crosseuls throngh
the pillar af B0-foot intervals to serve as vre passes from the glices.
The seblevel interval is 10 feet .

When the central drifh on the top sublesel reaches the hanging wall
sHees wre driven righi and left along the hunging wull toward the
filled stopes on evch side and timbered with hardwood fimber, prin-
cipally calk. Light hlasts ave nsed for Lreaking the ore, and space
loading iz emploved to prevent blasting ot the timbers, When the
fill iz approached the last of the ore in the slice s removed a Hittle at
d time, beginmng at the top and working hreasling bowrds in {o hoid
back the sand filling. Slives sre 6 to 8 feet wide, and when the hang-
img-wall slice has been, completed to the fill a second alice is driven
alongside it in o gmilar manner.  Somelimes three or moro sliees
gan, be driven hefore exessaive welght develops. Before the timbers
are blasted down the floor s covered with old timbers and larging.

After the top snblevel hua been sliced back Tur enough alicing may
bebegun on the next sulfdlevel, 14 feet below, beginning at the hanging:
wall 15 before. Slicing is continued from, ihe top downward tintﬁ
the endirs pillar hag been mined.

Az the hanging wall s haid and firm it hangs up over the top
glices, leaving an openivg between the capping and the top-of the
gob.. Becanse this hangimg wall might collapse suddenly when the
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unsupported span becomes too groat, wasle rock and rmiil sands sre
dumped in framn the level above to keep the space filled and fo pro-
vide n cushion over the top-slive workings.

- Thiz application of top elicing is quite diflerent frem- the nsnal
one, whers the copping caves and fills the spare formerly oeenpivd
by the oro.

SUMMARY OF TOF ALIOING

1. Applivatility—Top alicing iz adapled partienlarly to mining
fairly wide ore bodiss in which the ore is too weal to stand cxecph
over short spuns and whers the capping will tuyve readily when the
suppork is removed and A1l the excavation tightly. A capping thai
breaks into large blocks which arch over and hahg up o as to leavo
open cavities m the goh would constitute a serionz hazard in top
slicing. 'Thus heavy top weight is essential for the best results by this
method, Top slicing iz used for mining bodies of ore enly one sliee
(5to 18 feet} thick, when it iz virtually a longwall retreating systein

“of stoping, It also 15 adapled to mining pillwrs botween caved. or

filled stopes and te resovering badly broken or swved ore-which it i
nnsafe to stope from the boltem npward.  Obviously it con be used
only whern there iz no objention to caving the capping and to prob-
able resuliant hreaks to the surfuce.. Ik nlzois ewmploved sometines
under & sirong hanging wall or capping, ns ut Frankdin, N.J, Sines
top slicing requires considernble timber nnd Lyrgring . plentiful
supply of cheap timber should be available. o

%, Flewibility—Top slicing is a nensclective method, ag usnally
only = swall amonnt of sorling may be done in the slices, althongh
sometimes eonsiderable wasle can be thrown aside in adjacent mined-
out slicegs which have nat yet caved, pavileulacly where. the slices
are nob blasted down bt are allewed to crush and-eloss gradually.
Smul] blocks of lean ore or, waste within the ore body must be taken
cut or hlasted info the cave Lo insure their Lreaking np and caving:
otherwise such blocks will be a menace Uo the miners when they come
to slice belovw. Tl a good mat s melotainegd heteeen the caved over-
burden and the backs of the slices there will bo litle 1f any dilo-
fien, of the ore and olesn ore can be obtained. T it becomes neces-
sary to clrtail or stop production for a time the mine can be laft in
good conditien for resumption of operations by eompleting the ae-
tive slices zo that no small pillars afore are left between them, then

- boarding them up and blasting them down,

8. Recovery—Top slicing permits resovery of virtually all the
ore il condneted -propoerly nod a good mat 1z maintaimed. Swmall
stubs ceenslonally are lost butween Lhe ends of slives or between the
vnd of a slice end the cave, Two or three feot of. ore- sometimes
minst, be left around {the marging of the deposit where a flat foot-
wull comes up to the overlying mat, or some wall rock must be
takon ups to make working room, '

4, Developmant —Although copsideratle preliminsry development
in the form of chute and manway raises and sublevel drifis is re-
ruired it serves to prospect and block cut the ore thoroughly, and in
soft ores such as those in which top slicing is used most this develop-
ment s relatively inexpensive and produces considerable ore. At
ma property, for example, the cost per ton of development ore is.
only shout 20 percent more than that of slice ove,  Table 26 gives
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HEALTH AWD SAFETY

The necessity of considering the health and safety of the miners
in the selection and employment of » sloping method haz been men-
tioned. Health and safety are hig subjects and come properly within
the seope of investigations of the Menlth and Salely Branch of the
Burcan of Mines ratler thun within a dissussion sueh as this one.
However, table 31 is prusented to indieate in o genersl way the ralu-
tive hazard of cach of the prineipal soping methods,

Warrm 31— un-fiuid sworfied ead gesldent dule, clekslfied aneorditg to sloping
weethpld, of anines dn e Undied Sletes ol e production sorth more Than
S100,000 dn 1hant : g

. Aceldeni per thonannid
Man-baurs | Do0RERL b - Wday wirlers
Braphg mathed *| toral man-
Frar laragey
Kumlwr | Nwnker
Ieilbe injaered
BT REE - - e o e e e dn, 4%, I H.E 41 N
Grllu-unﬁ.JiIL.-- . 1L, §80, By %] 1. [Hr 24
belnEnzE. oo e | 14, 675, 0TS u.tl 587 i
kg RERIBE- . o, Gk, A 21,05 o) 2
Tap slicdnf-- -- -| 14, E25, 00 61 el Tl
snhalaval aviog | el e A& 1 57
Hlock ey vine. .- .| 11, BTG, Nl Toond 4 4] 214
Chpen-pit mining. .. 23, 143, 10 14.2 2 1k 112
R - o oo o e | TR T, DG THE O 13 kit 2 F

1 rreht, O. W, Mbiog :Ml!-tl:l.l:Il'.'l.S and C-oaca at BEetad Bines of $ho TToitod Beates: Lot e NE0E, Thireao
of Mines, 104, bt o . . )
* Arerugts :

The fipures o the buest eoluun are wore significant thao thogse in the
preculing column, ' .
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