
THE CANADIAN MINING AND MECHANICAL REVIEW.

Sole place., without .ay inared decrease in coppr coi.
.:nts but thle lengtil and wvidth <if Ili liie ,mto de.
losits are ecorimoius, one of the bcing miore «îan flaif a
<ilile in leingih, and in Soue places mitore than 3oo [cet
wide-.l soid <re.

lin tlie Tharsis iiine, ic ne.st in importance, poorore
has been round tl aimuclh les' depth, tlie lateral dimensions
cf ic depO,its beinîg smîîaller. In illost of tlie smlliier
iine the ore gels too por to) bc worked a.tI a profit at a
depth le.s tian 300 feet. One puer cent. of copper is
generally taken as lim Huait of workable ore.

The follow ing is a ciiplete aiailysis of a fairly rere.
sentative samilple of ore fromte li i Tinto mines :-

Sulphuir..... .... . ... ......... 48.3
C er....... .. ... ........... 3 44

ron........................ . 43.33
iisiuth ......................... -02

Lile ...... ........ . 34I.cal .. ......................... o00
(............. -oo5
Silver.... ................. ..... Oo4
Coiiî...,. ....... .05
Arsenic...... ................... -75
Antiony....................... -07
CaIcium n\ide.... .... .......... 23

ang ...... ....... ........ o5
Silica........... ................ 1.89

ciite..... .. i .48
elmcmi.................... traces.

99.95405
There are somle exceptional deposits swhich are of a

different naturc, such as lic "Esperanza," near Thatrîis,
swhere fle copper is found as a sulphide iipregnating tlie
state, but they necd not elire bc iiietiionel.

The ore is generally sorted by)' hand into two classes.
The richer ore is sent to England and tlic Continent, to
the sulphuric acid imanufacturers (who, after buring off
the acid, send tlie residue to the copper works), and tie
purer ore is genetally treated for copper only in proximity
Io the mine.

Two systemas of mining are very' generally adopitd.
Wien thc gossan is comparatisely shallow and the

minerai mass is wide, <lic ore is generally go by open.
cast wsorkin.g, ; the overburden is removed in betnches
about 30 feet igli, and the ore thus laid bare is quarried.

The cost of removing the overlurden varies with flic
nature of tlie ground and with tlie facilities for getting
properîdumping facilities. The follosing stateient Shows
lhe average cost over a whole year in the "Joy-a " mine,
wîhich is ssorked by tlic open.cast sysiei. Thie grteater
part of the material removed is deccnposed porphyry,
and, as a rule, fairly iard.

Cost of R'eniicring Orsrbuirdent al the "Joya" Afine, er
Cibe yard in the Solid (calentated on the total

quantity removedidun.19').
Lafor.-Superinictiendence......... $o.co9

Excavation.............. 0.03a
Loading inio wvaggons. o 049
3>ule-dltivcrs........ ... o.o5
Unloading waggons and te.

(iairingroads.......... o.oz6vraous..............0.0 -$o.1:2
aîtrial.- Explosives ..............

Iiaskects (used for loading
waggons .............

Ramiway matcrial.. ......
Waggon " .........
Oil and grease....... ...
Various................. - 0-oi

Shops.... ........................ 00 6
Stable expenses (<ues) 003

'Tools...---.............. o0003
Amortisation of railway material....... 0-005

Total cost per cubic Yard ......... $ 0.15
The -pen-cast wikig as certamul> thi, best systecu an

mines h cre tlue overburdien is shallcaw ac the deposit
wide. The im<it as wshich the renoval of overburden
becones unproftable is generally iut at 4 cubic yards Of
overburdcn for evcry ton of ore laid <ec. The rost of
<'uarrying tlue ore, after having id i Icare, nay lu taken
as follows, exclusive of gecneral charges:-
Cost of Quarring Ore an the OpCnu-'ast in the '"oya"

im pe r 7Ton of iooo i'Îlos (4Aerage
for the Year S'9i).

Breakingthe Ore.--liners.. $0.03S
Maitrials. exposIVes 0.012
Shops ............ o.oo4
Toi............. 005-$0.059

Loading ino waggons............... .003S
Weighing ......................... .00o3

Total cost per ton, puot into wa.ggons;
and wîcighed................ $o Io

Examples of open-cast working are found a the Rio
ITinto (south Iode), Santo Docmingo, Tharsis (north Iode,
Sierra litllones, and centre Iode) La Zarza, La Joya, Las
lierrcras, iguniazo, etc.

Whcn the proportion of overburduen is too great, tle
mine is generally wuorked on the pillar-and.stali system.
The lodie is divided off vertically in floors, 30 to 40 [cet
alart, and in cach of these floors galictius and cross.
galîcrics are driven, intersecting one anolher at right
angles, lcaving large pillars of mmera to support the roof
Icetcen the <(oors. The roof is generally left about 12
to 15 feet thick, and tlie square pillars have sides of xS to

20 feiet, tlie galleries being of tlie saie width as tlie
pillars, and about 20 feet high. It is evident, liait ly
adopiing tis sysiemt of working, a large quantity of ore is
left in lic mine; taking flotr)" feet apart, wait a roof
of 12 feet, galleries 23 fect hig a a 6 feetvwide, ani
pillars w il sides of o feet, tlie quantity of oie extracitel
by menas of tlic galleries is oniy oie-half of lic total
quianitiy. i several mines considcrably less than one.
lalf is eximetctl. It is generally maintainied h those
whoadopt the pillar.and.stall syseii <hat after'lioey.
combiig <lie mass, more ore niay bc gained ly rcbbing
lie pillars and roof. This is, however, a seryî dangerous

oplerationin mines where the lote is ncarly vertical,
where <lic widtih is considerable, <lic ore very' hleavy
(SIpeCilic gravity about 5), and where oîften fen to wncccty
flors are formied one above another. Only in one mainc
(<lic Carpio mine) has tlis been dtonle, and <lie reslt was
ioi cicouraging. Only fouir floors hald e been formîed,

yet, althuglh a good deal of cre wias extracteil ly rob.
jing. still, by far <lic greater part reiainud in <lic mine,

and could not be got OUI, <lic comparatively great height
of <lic galleries being a greai element cf danger. That
ti ocration of robmig as a very delicae tne is con.
firmed by the fact that most of <lic mining companies,
afier extractiig ail flie ore liey could get ly imeans of
galleries, anl tiiing icir ore rescrves disappearing, have
eterined, instead of robbing tlic pillars, to remove tlic

overiburden and quarrythe loney.combleil mîassin theoin
air. Instances of tlis are fctund in many places. It is
neeiless to say that a great dcal of imoney would have
buc saveil if the ovclîrurdlen halde been reimoved frcoi tlie
beginning.

Another disadvantage in connection weith the pillar.and-
stali system is the great cost cf breaking the ore. Al-
though galleries may be driven of considerable dimen.
sions as long as <lie ore is firi, still, breaking ore in
galleries, especiailly in liard ore, is always very costly.
Whilst <lie breaking of ore in <le cpen.cast iay cost
$o.o7 lier toi, the breaking in gaileries will cost, on an
average, froin $o.52 ulpwears. When the ore is very
hiut may be as great as$o.85. The teasons fon this
higher cot are oo cevident to need any imention. A
miner swill break per shift, in galieries, about g{ cfa ton;
in the open-cast lie will break fromt <2 to 15 tons of ore,
and ecven more in favorable cases.

Examples of pillar.and.stail sworkings are found ai Rio
Tinto, in the San Dionisio loie; ia Tharsis, in part of
<lie notit loie, and fornerly, in <lie Sierra Bullones and
La Zarza Tharsis (botai these Iodes are now open.cast);
at Lagunazo, in <lie eastern portion of the Iode, ai Sotiel-
Coronado, l'ena le Ilierro, Lapilla, Arnalcollar, Cori-
dad, etc.

The Cabezas dlei Pasto mine is worked on a different
systemî, which allows ail the ore to bc extracted without
any danger and ai a low cost ; and tilre seeis to be no
reason why lie sysemiii should noi b adopted in ail places
where <lie piUar-and.stall is now uscd, and where the
leight of overburden excludes lie open.cist sysiem. The
minerail deposit ut tit. urine is about 50 feet long. with
a wsi<th varying frOu 20 te 75 fect, <he average being
about 32 fee<. The gossan ges down about ioo feet,
ai it was, therefore, impossible to work the mine by
iencast. The tie is nearly vertical and approximately

in the centre of <lie mass.
After fairly scertainaing <lie bearing and extent of tlie

Iode, an extraction.shaft and a purmping.shaft werc sunk
in positions ouside of the iode. The dimensions of these
slafisS were lo fect hy 5 feet and i i feet by 5 fecet. The
extraction.shaft was divided by a partitioin <lie centre,
so as e accommodate two cages. They were originally
sunI to a depth Of 230 feet, and subscequently deepeneil
<e 350 fect.

The loe swas tien divided in floors about 65 feet
apari. Fron <lit extriaction-shaft galleries were driven
nt every floor. cross-cutting <lie loie entirely. When
these galleries reached the ore, narrow galleries were
driven cast and west, foliowing <lie lianging.wal (the
extraction-slift being in that wsail), along all the sinuosi.
ties of the lode, and accurately deteruning ais shape.
From iliese gallerics, again, cross-cuts were drivcen
through the iode at every 33 feet. After <lus lcarning
the exact shape of <lie ode, a " side-tie" was drivee ie
the couîntry.rock, alongside the <ode and at an average
distance cf about 15 feet, and from tihis siie-ti cross-cutis
were dirisen towards the Iode ct regular intervals of 33
feet. The side.tic sas kept nearly straigit and ssas
used s an etraction.gallery ; a trarimwayof2-foot gaUge,
with rails of 30 pounds to the yard, being laid in :i.
Tiere were vainous reasons why the gallery along the
wall of the ode was not utilized as an extractin-gallery,
the two principal nces beng ils crookednecss, and the fact
<bat it beame surroiunded bay "stowing I" or " gobbing,"
which necessitated constant timbering to keep il open.
On one of the lvcels it was, indeed, attempted to make
this gallery serve for extraction, <ici it was found very
difficult ind exiensive, and quite unsuitable.

Bth walls of the <ode are slate, in which al gallesies
had to b closely timlee.

When the crosscuts from thle alleryalong fle hanging.
wal hall reacled the foot.wall t icy were filied with stonec
carefully pilcd up<, and new cross.cuts were then driven
aiongside the first ones; these were again filled up, and
a in newe ones weere made, and so en until a complete
suce of ore hail been removed over the whole length and
width of the deposit. Ali the galleries and cross-cuts
hail a uniforni sizc of 6 by 6 fec, so <bat the height of
the first slice removed was 6 fect. When this haid been
accomplishel the gallery along the hanging.wall sas
filled up ad a new gallery was driven rght abovce i.
From this new galiery cross-cuts were again driven

ithub flie mass and filled up tlue saie way as iCeow,
but usithu one important differencce: while tle first slice of
6 feet haid to be broken oui of tlue solid body of ore, tlueslice nexi above wsas now under.cut cver its whole area,
in faci it uas resting on tlic packing. This mlae tle
blasting very mtuch ciecaper ; so that, w lereas <le con.
tract price given to tlue limmers ia tie firt slice averaged
So-So per ton of ore, it wuas Cnly $o.25 ini the slice nCt
aboie. Agaiin, ini the f<(st slice the first crouss.cuis in tlie
solid ore cost $0.76 Per ton Of ore, and the secondary
cross-cuts, which wecre really widening ouit tle first oues,
only co-t $o.42 <ser ion. ThLese figures show thile enorm.
oiusadviantage o iasinîgfrte sies fui tle working faces-
an adanage, by thle si'ay, which is never got in wsorking
by pillar-and.staill. After the second slice had becn re.
iiioved a third was tiken away in tie sale manner, and
soce <until tlue whole lifit of 65 feet was remioved. The
working was not limited, however, to one lifa or level,
but three were attacked siiultaneously in tlic saime
manner; and it tlie preseni day tlue second, third and
fourt levels aie in active wol, and the fifth is in prepar.
ation.

Il might le exlected thai somue difliculty wouild b ex.
perienced when workings of one floar reach tlue stowing
of the floor albove. In practice, however, it is found that
tlic stowing gels So tightly packed as to b quite firm, and
with a littie additional care it is coiiparatively easy to
line ielow il. No galleries nor cross.cutis were made

mor «ian 6 feet high and 6 feet wvide, and no new cross-
cut was staried belore flie idjoining one bau becen pro.
perly filled in.

During the filling-in of the gallery on ic lianging.-ll
a chute was built up<u in rough stone, abovce the cross-cut,
fromt the side.tie. Through thlis chuti the ore fromt the
second slice was thrown dowsn to ic cross-cut. When
the second slice hadl been removed and tlue next gallery
filled in, these chutes wete carried ul, and so on ; and
these always servedI for sending the ore lown to the cross-
cuis, and thence to the side.tie, where te ore was loaded
into wooden hutclies holding about onehalf ton cach,
and subscueccntly trammed to the extract'sn.shaft.

The material used for stoing is quarzite. This is
iuiarrieui on the top of c hîill, abot 700 y'ards frot lie
loie. The sfote s lowered by means of an inclined
p)lane to the level of the mouthis of two special shafts
Sunkc for the purpose of delivering stone to tlue workings,
and extending ai presenit to the third level, with lo.ling
platforns at tach floor. The stne, laded in hutches
similar to those ised for the ore, is lowserecd in these
shafts by meacns of dfoublle druns, with brakes, the full
waggon going lown pulling up the tumptuy one. The
stonc reqired in the fourth level is anded in the thirdivel and <rammed through the extraction-gallery cf this
level. Thtis extraction-level is connectei with the swrk-
ingas below by means of winzes ; Ile Stone is tippid into
the winzes and falls almost at the foot of the war·ings to
be filled up. As the slices are remed <hese winzcs get
filled up aiso, and therefore grauiailly disap)pear, while
flue ore.cutcs alwa> s Cet longer. F.ach level is «hus
suppi withà sione omi the oor abcove, nl the stone
neci never b raised by hand. Ali the winzes for throw.
ing down stone are made in the hanging-wall ; they are
about 3 feet square nd very sectrly tinbered.

A good ieal of smaill stufi is produced in the quarry.
Ai sarious limes trials were miade lt use these smalls in
fillirg up, as it scemed a pity to throw them away. It
was found, however, not economical to do this, as the
smalis were more expensive to handle in the mine than
the big stones, and aIsc beccause stowing donc with smalis
selles lown far toc much, and looscens the ore above to
a dangerous extent, making a very treaclerous roof in the
weorkings higher up.

The stowing cith large stones is se firm fbat no sub-
sidenctc of the ground over the mine can b noticed,
although a sery' large quantity of ore has lready been
removecd.

This system lias now been in operation for cight years,
during which a total Of 236,ooo tons has ueren extracted.
Only une man ihas been killed by falls of the roof during
all tiis letiod, which shows that <lic system is not a
dangerous one. AIl the cross.cuts arc kept narrow (6
fect); ver few props are usced, and even these fewr are
generclly aken awca before siowing.

The average quantity of orc broken by a mier le this
mine is 3 tons per shift of ten hours, as against Y ton
under the pillar.and-stall systcm, the difference being due
o the ore being always under-cut and requiring little

blasting.
The average cost of work in «89g sias. for different

parts of the systemt, as follows -

First cross-cuts in the solid cre......... $0.76
Cross-cuts ................. ........ 0.42
First crosscuts in next slice.. ........ o.28
Following cross.c.is, etc.............. 0.24

This shows the increascd economy in brecaking when
the oie is unle-cut.

The cost of extraction for the year i89o was as
follows:-

Catspr on, apartfrom General Exftnses.
I.asr.-Superintendencc....... $o.oz28

Breaking the ore....... 0.2372
Loading into swaggons and

tramming .... . 0501
Engisenen, etc........ 0.0362
Stoitn.............0. 569
Timbeng. ........... 0.052
Unwiatering ............ 0048
Varions............ 0.co7S-$o.521
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