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IN any discussion of mining one is repeatedly confronted with the 
difficulty of dealing with so many variable conditions. It is not an exact 
science and in the choice of a method each varying factor has a certain 
weight, which, in many cases, experience alqne can determine. In  
mathematical terms, i t  is a function of many variables. 

A discussion of mining also loses much of its value unless costs are 
considered, because the expectation of profit is the only excuse for 
carrying on mining a t  all. As conditions vary they cause fluctuations 
in cost and there are few operations to which a definite cost can be 

, assigned. The character of the ore may make i t  difficult to drill, yet 
because of the ease with which i t  breaks the total cost of drilling and 
blasting may be low. 

I n  preparing this article the attempt has been, not to cover the whole 
field of mining, but to describe the different methods of stoping and min- 
ing which have distinct principles. I n  addition to this an effort has been 
made to show the advantage of dissecting the methods into their detailed 
operations and applying to these a mathematical study as an  aid to the 
judgment in determining which is the best method to adopt, or in attempt- 
ing to reduce the cost of a method already in use. 

Methods of mining include stoping, caving, and various methods of 
working large deposits which, in addition to  the method of actually 
breaking the ore, require elaborate and definite plans of development of 
the orebody. The ordinary methods of stoping are too familiar t o  all 
for-any elaborate discTGssion, but- i t  bas seemed advisable to K i e w  tlie 
subject and give the principal advantages and disadvantages of the 
different methods. 

In  addition to the various external factors, such as the supply of 
labor and the financial status of the operating company, the principal 
items that influence the nlethod of mining to be adopted are: 

The size and shape of the deposit: 
Character of the ore, whether high or low in grade. 
Whether the values are regularly or irregularly distributed. 
Physical character, whether hard or soft, tough or brittle. 
Character of the country rock. 
Immediate and future demands for ore. 
Amount of development work done or that  may be necessary. 
Amount of water to be handled. 
Cost of power, timber, and supplies. 
Ventilation. 
Whether drilling is to be done by hand or with machine drills. 
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Depending on these factors, the followi~lg met11 ods of stoping may be 
employed : 

Underhand stoping : 
Ore is hoisted to  the level above; Cornish stoping. 
Ore is drawn from the level below. 

Overhand, or back stoping: 
Starting stopes. 
Drift stoping. 
Cutting out, or lead stoping. 
Raise stoping. 
Longitudinal back, flat-back, or long-wall stoping. 
Rill-cut stoping. 
Saw-tooth back stoping. 
Shrinkage stoping. 

Combination stoping. 
Breast stoping. 
Side stoping. 
Sublevel stoping. 
Square-set stoping. 
Filling methods. 

Underhand Stoping 

The method of underhand stoping in which the ore is clrawn to  the  
level above (B, Fig. I), is called Cornish stoping. It finds application 
only when i t  is necessary to'mine a lens of good ore below a level and i t  is 
not practicable or financially possible to do the necessary development 
to come up from underneath. I t s  disadvantages are the excessive cost 
of raising both ore and water. 

Underhand stoping where the ore is drawn from the bottom ( A ,  
Fig. I), has more merit than is usually accorded it, especially in the 
Western States. On the Rand 'it has been used almost exclusivelg. 
I ts  advantages and clisadva~~tages as compared chiefly to overhand 
stoping are as follows: 

Advantages : 
Ease in drilling down holes when d;illing is done by hand. 
Holes are drilled wet and dust is eliminated. 
No platforms are required on which to  drill. 

Disadvantages: 
Limited to steeper pitches than overhand stoping because the ore 
does not work straight down the foot wall to  the raise; in flat 
pitches this would necessitate more shoveling. 
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Limited to good walls if the vein is steep. Loose rocks sluff off 
from poor walls and endanger the workmen below. 
Levels ordinarily must be driven closer together t o  reduce the 
height of the unsupported walls; this necessitates an added cost of 
development. 
Raises must be put up a t  frequent intervals. This work in some 
cases amounts to 35 or 40 per cent. of the total development. 
No ore reserves are possible. 
The waste that can be sorted in the stope if the vein is steep is 
limited to what can be thrown on lagging supported by stulls. 
Certain efficient types of stoping drills cannot be used. 

The great advantage if, of course, the drilling of down holes when 
drilling is done by hand. Few men to-day can or will drill very many 

"uppers" in a shift. South Africa had its native labor which could not 
be taught t o  drill them. I t  might seem on first thought that  the disad- 
vantages are so numerous that  they preclude any chance of the method 
being adopted under ordinary labor conditions, but I have examined mines 
where the combination of conditions in narrow veins indicates very strongly 
that the method would be more economical than overhand stoping and 
quite as safe. 
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Overhand Stoping 

Overhand stoping, in general, has the following advantages and 
disadvantages : 

Advantages : 
Stoping can be started directly from the level without any raises 
or winzes. 

Levels can be driven far apart. These two considerations mean 
less cost for development. 
Advantage is taken of the force of gravity in breaking the rock. 
Miners work a t  the back and can inspect it so that the danger of 
falling rocks is largely eliminated. 
Either ore or waste can be stored in the stope. 
A flatter seam can be worked than in underhand stoping without 



the necessity of shoveling, as  the ore runs directly down the pitch 
and is given an impetus by t h e  blast. 
Water takes care of itself. 
Pillars of ore or waste can be left easily. . 

Disadvantages : 
In most cases holes must be drilled up or flat. 
If the stope is not filled with ore or waste, stulls and platforms 
must be used, even though the walls require no support. 
If the raises are far apart ventilation is poor. 

Starting an Overhancl Stope.-In Fig. 2 are shown various methods of 
. working the back in overhand stoping. To start the stope, if the ore is 

low grade and timber is scarce, a pillar or pillars are left above the level 
as shown in A, and if the ore is high grade i t  is all removed above the level 
and stulls are placed as shown a t  B. To start a stope as shown a t  B, a 
cutting out' or lead stope is broken immediately above the level as show11 
a t  D, Fig. 2. C, Fig. 2, is a wide raise or raise stope, which is one methoN 
of opening an overhand stope, and E is a drift stope, which is a term uscd 
in the Lake Supcrior copper mines and means a wide and high drift as a 
start for the overhand stoping. 

~ o n ~ i l u d i n a l ' ~ a c k ,  Flat-Back, or Long-Wall Sloping 

Aftcr starting an overhand stope the shapc in which the back is 
carried is often of prime importance. I n  A, Fig. 2, is illustrated the 
method of carrying a flat or longitudinal back (the term long-wall is used 
sometimes when the vein lies nearly_ flat). In th is  m e t h ~ d  the ben_c_l~es or 
breasts are frequently made of a height sufficient to allow of a square 
set being placed. This is done a t  Butte and i t  is often referred to  as  
breast stoping. In  general, a flat-back stope as illustrated has the fol- 
lowing advantages and disadvantages : 

Advantages : 
If the stope is filled with waste or ore i t  is more convenient for 
men to work on a level surface. Tramming, shoveling, or sorting 
in the stope can be done to  better advantage, and waste raises 
can be driven farther apart. 
Square sets may be conveniently placed by making the benches the 
proper height. 
Timber struts or cribs can be uscd between the filling and the back, 
in case the latter is weak. ' 

A long stope distributes the broken ore well along the level, a n d  
tramming is thus facilitated. 

Disadvantages: 
The principal disadvantage of a flat-back stope is that  if filling 
is used, and kept close to the back, i t  must be distributed in 
wheelbarrows or cars. 
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Rill-Cut Stoping 

Rill cut, or rill stoping, as shown a t  B, Fig. 2, has the principal ad- 
vantage that when filling is used i t  can be run down through a raise a t  
the apex of the stope and will fill the stope without shovcling. I ts  dis- 
advantages, on the other hand, are as follows: 

When w a s t ~  filling is run in from the raise it has a sloping surface 
which makes i t  difficult t o  keep ore and waste from mixing, alld 
is unhandy for men t o  work. 
Raises must be put  in ahfrequent intervals, and the added cost of, 
these raises may exceed the cost of spreading thc filling in a flat- 
back stope. 
Orc chutes must be carried up through the filling, and the timber 
used in their construction cannot be recovered. This is a disad- 
vantage as compared with shrinkage stoping. 

At F,  Fig. 2, is shown a method of rill stoping in which the benches 
are inclined so that  down holes can be used. Down or water holes give off 
no disagreeable dust, and can be drilled fastcr with piston machines. 

I ,  Saw-Tooth Back Stoping 

This method of carrying the back in an overhand stope is shown a t  
G, Fig. 2. I t  is claimed tha t  i t  makes drilling more convenient if machine 
drills mounted on a bar are used. 

Shrinkage Stoping 

Shrinkage stoping refers t o  any overhand mettlocl in- which the stope 
is kept full of broken ore until i t  is completed. The miners stand on top 
of the broken ore and work a t  the back. As broken ore takes up more 
space than ore in a solid mass, about 35 to 40 per cent. of it must be drawn 
to leave room for working. 

Advantages : 
Raises may be placed far apart. 
The broken ore serves as a support t o  the walls. This does away- 
with the necessity for much timber. I 

The miners work on top of the broken ore; timber platforms are 
'eliminated, and the work is made much easier. I t  is also convenient 
to work a'larger number of men in the stope. 

-A.  large ore reserve is maintained. 
Large rocks can be broken with sledges in the stope and blocking 
the chutes is avoided. 
No ore passages are  required from the level up to the back of the 
stope. Manways are necessary up through the broken ore, but the 
24 
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timber used in their construction can usually be recovered when 
the ore is drawn. 
Ventilation is better than in an  empty stope. 

Disadvantages : 
Stoping must be kept ahead of the demand for ore. This requires 
additional capital. 
There is practically no opportunity to  sort ore in the stope. 
Ore,filling is not permanent and the stope may cave when i t  is 
withdrawn. 
Scaling or unstable walls may cause waste to mix with the ore or pro- 
hibit the use of the method altogether. 

Although shrinkage stoping is rather generally used, it would be used 
more if it were not for the fact tha t  many mines are not in a condition 
to keep an ore reserve, but must draw the  ore for the mill as fast as i t  
is broken. The added efficiency to  be obtained from the miners when 
working on a firm floor of ore, and not on loose lagging laid on stulls, 
is a very important advantage of the method. 

Combination Stoping 

I n  a discussion of stoping methods, steeply pitching veins are usually ' 

referred to, because the majority of veins in nature are steeper than 45", 
and also because to refer each method of stoping to veins of all dips causes 
confusion. Before considering combination stoping, however, a brief 
rbsumb -of the methods-of-handling ore in-veins of different dips is neces- 
sary. In veins dipping from 35O or 40" up to 90" the ore runs down by 
gravity. From 20" to 35" i t  must be assisted by shoveling, or by using 
chutes with smooth bottoms or placed a t  an  angle steeper than that of 
the vein. From 10" to 25" the ore may be taken down to the level by 
shoveling, shaking chutes, mono-rail trams, gig-back railways, or con- 
veyors. From vejns that are horizontal up to  those having dips of 10" to 
15" tracks are usually laid on the foot wall and cars are pulled up to  the  
face by men or animals. An animal can pull an  empty car up a 6" slope 
and a loaded car up a 3" slope. So in dips greater than 6" the track must 
be laid at  an angle with the line of the  dip. 

Id combination stoping, which is illustrated in Fig. 3, and which is ' 
a combination of underhand and overhand stoping, i t  is possible to keep 
the working face more nearly in a line parallel to the raises and perpen- 
dicular to the level. This is a distinct advantage if a stationary or shaking 
chute is being used to carry the ore to  the level, because a large part of 
the face of the stope is accessible to the chute. This becomes a double 
advantage if a large output is required. I n  combination stoping develop- 
ment work is also reduced because levels may be driven far apart, and 
fewer raises are required than in simple underhand stoping. 
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Side Stoping 

This is an extreme of combination stoping in which the working.face 
of the stope is vertical. The face is parallel t o  the raises just as the face 
in flat-back stoping is parallel t o  the levels. 

- .  
.,: : .  , Breast Stoping . ' ' 

F-- (Breast stoping refers t o  the working of a flat orebody, or a flat sec- 
tion of an orebody, just as  coal is mined from a flat coal seam. That  
is, a slice is worked in a horizontal direction. The assumption is that  
there is no open stope either above or below the slice, or else the method 

becomes either underhand or overhand stopiag. I n  some cases the 
benches in underhand or overhand stoping are called breasts,, and the 
method breast stoping, but  I believe that  is not the usually accepted 
definition. Breast stoping, in the strict sense, is the only name appli- 
cable to the mining of a horizontal slice, such as the sill floor of a large 
overhand stope, or the slices in the top-slicing method. 

Sublevel Stoping 

This method, described by F. W. Sperr in the Engineering and Min- 
ing Journal of June 5, 1912, and by P. B. McDonald in the Mining and 
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Scientific Press of July 5, 1913, is really a combination of several different 
methods of stoping. Fig. 4 is an  illustration of the method, and shows 
half of the vein cut away where the stoping is being done. The miners 
go fro111 the haulage level up the raise into the sublevels. On the first 
sublevel they will blast into the shape of funnels the raises that  come up 
from the haulage level, and after working back the slice, s, by breast 
stoping will drill holes a t  a and shoot part of this beach.down into the 
raises. On the second sublevel the miners work back the slice, s, and 
then with down holes a t  b will blast the remainder of the first bench 
down into the raises, and with uppers a t  c shoot off part of the second 
bench. Both sets of holes will be fired a t  the same time. I n  this way 

each sublevel is drawn back; the broken ore is drawn off through the 
funnel-shaped raises, which leaves a large open stope. Thc sublevels are 
driven'about 25 ft. apart vertically, and 8 to 10 ft. are shot off from each 
bench from the sublevel below. Obvjously where there is a capping 
above the ore, as shown in the cut, part of i t  will fall when the upper 
bench is blastcd and part or all of this orc limy be lost. "When the ore 
is from 50 to 100 ft. wide, a narrow stope of about one-third of the width 
of thc ore is drawn back through the middle, leaving a pillar of ore 
standing on each side." These pillars or slabs left against the walls are 
then drawn back in the same manner. The method is applicable to 
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veins from 12 to 100 ft.  wide, or wider, if pillars are left between stopes, 
and evidently comes into competition with shrinkage stoping, square- 
set stoping, and top slicing. It requires expensive developmeilt but 
permits a large tonnage to  be broken in a relatively small stope. The 
wo'rking back of the slices on the sublevel is expensive mining, but after 
that  is done the rest of the ore blasted from the benches requires a corn- 
paratively small amount ,of powder. 

Square-Set Stoping 

Square-set stoping may refer to any method of stoping in which 
square-set timbers are used. - Unless otherwise specified, however, the 
term is limited to  overhand flat-back stopes in which square sets are 
used, either with or without waste filling. Square-set mining isadvan- 
tageous when the vein is wide and the  walls will not stand without timber- 
ing and shrinkage stoping cannot be used; when, on account of surface 
conditions, caving cannot be allowed, or where caving might cause the 
loss of other orebodies; when the 'ore changes rapidly in grade and re- 
quires frequent sampling; when the orebody is irregular in outline; and 
when old stopes may have to be approached or passed through a t  some 
later time. - 

Filling Methods 

Mine workings are filled with waste as an aid to timbers in support- 
ing weak walls or back, or to avoid fully or in part the use of timbers. 
Workings tha t  must be prevented from caving for a length of time in 
the future are be@ protected by waste filling. The filling may be waste 
rock from development, rock blasted from the walls or surface for the 
express purpose of filling, or, if available, sands from concentration mills 
make excellent filling and are cheaply placed in the stopes. 

There are three distinctive methods of working large deposits that  
involve, in some way, the factor of caving. Slightly different names are in 
use, but those tha t  are simple as well as descriptive are top slicing, sub- 
level caving, and block caving. In a discussion of these methods, three 
things must be borne in mind: tha t  the methods are usually applied to 
massive deposits; that  the deposits are usually divided into blocks or 
panels, and the description of mining one panel is practically a complete 
description of the method; and that,  in  most cases, the orebodies do not 
come to the surface but  are covered with a capping. This capping may 
be glacial drift, as in some instances in the iron regions around Lake 
Superior, or i t  may be rock from which the ore values have been leached, 
as  is the case a t  some of the large copper deposits. 
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T o p  Slicing 

Top slicing, illustrated in its ideal form in Fig. 5, consists in the 
working of an orebody in horizontal slices, beginning a t  the top. Levels, 
for haulage, are established at proper intervals and, from these, raises 
are put up to the top of the orebody about every 50 ft. Starting a t  the 
tops of these raises drifts are run out and then, retreating toward the 
raise, the slice is worked back by breast stoping. The overburden or 

capping lying above the ore is supported on square sets or posts until a 
slice, or part of a slice, has been worked. The floor of the slice is then 
covered with slabs or plank and the supporting timbers are shot.out and 
the capping is allowed to cave on to the timber floor. This floor and the 
broken posts form what is called a mat, which keeps ore and capping 
separated. The miners then start ic the raise and work out another 
slice of the ore just under the previous one and catch up the timber 
mat with posts or square sets. When this slice is completed another 
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floor is laid and the supports again blasted. In this manner the ore- 
body is worked in successive slices from the top downward. The broken 
ore from each slice is run to the raise in wheelbarrows or cars and 
dropped to the haulage level. The capping caves and follows down on 
top of the mat. 

I n  this'method the ore is not caved a t  all, but the ground above 
the ore does cave, and the surrounding country will cave more or less 
according to the amount of ore removed. If there are any other orebodies 
in the region affected by the cave, they will be lost or their recovery 
made more difficult. This is one of the reasons which may prohibit the 
use of caving methods. Also, unless the deposit is small compared to the 
distance to the surface, surface subsidence will take place and the surface 
must be free from buildings or roads. Top slicing is adaptable to heavy 
ores that can be mined easily, and require heavy timbering and filling 
if worked by overhand stoping. Deposits of large extent, over which the 
overburden will cave readily, are customary conditions. I n  some cases, 
top slicing may require as much or even more timber than an overhand 
stope with square sets, but for very heavy ore, which if worked overhand 
necessitates strong sets, reinforced and braced, it takes less timber, and 
in any case p.oorer timber may be used. 

The following are the advantages and disadvantages of top slicing, 
chiefly as compared with overhand square-set work or with other methods 
of caving. 

Advantages : 
Cheaper timber, and for heavy ores less timber, is required than for 
square-set stoping. 
No waste filling is necessary. 
Ore can be sorted as mined. 
Very little waste from the capping becomes mixed with the ore. 
Less skilled labor is required. 
Any rich fine ore produced in breaking will be saved on the slice 
below. 
Complete extraction of the ore is possible. 

Disadvantages : 
Caving may cause injury to surface structures or render unworkable 
other orebodies in the region. 
Mining the ore by breast stoping requires more drilling and blasting. 
Broken ore on the slice must be shoveled into barrows or cars and 
taken to the raises. 
Development must be kept ahead of the demand for ore. 
It is difficult to leave bodies of low-grade ore which may be found 
in the deposit. 
Ventilation is difficult, and in some cases, the decaying timbers in 
the mat give off heat ,and obnoxious gases. 
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' I 
I t  is possible to work only on the top of the ore, and although several 
slices may be worked a t  thc  same time, i t  is not possible t o  estab- 
lish work a t  different levels. This may make i t  difficult t o  obtain 
a required tonnage from a deposit of small horizontal section. 
Capping should cave readily, and not arch, or the method may 
become very dangerous. 

This method, otherwise referred to  as sublevel drifts and back caving, . 
or sublevel slicing, resembles top slicing in that  the orebody is worked 
froin the top down, and the ore is taken out in horizontal slices. A block 

of ore is left above the slice, however, and wheri'a small portion of the 
slice has been mined out, this back is allowedto cave. Fig. 6 shows 
bloclc or panel of ore worked by sublevel caving. Raises are put up from 
the haulage level, and from these sublevel dkifts are driven 14 to  20 ft.  
apart vertically. When these drifts reach the boundary of the property, 
-or of the panel to be worked, cross drifts as a ,  b, and c are driven across , 
the block and timbered. The back of ore is thus undercut but is sup- 
ported by the drift timbers. The timbers, of cross drift a are next blasted 
and'the weight of the capping caves the back.of ore down on to the  floor. 
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of the slice, where the miners shovel it  into cars and push it  to the raise. 
A timber mat may be used as in top slicing. Sublevel caving is adaptable 
to massive deposits or wide veins in which the ore is not difficult to break, 
yet is firm enough to hold the capping while supported by the drift tim- 
bers. An overburden that  will readily cave is necessary. 

Advantages : 
The cost of mining is low, because a large percentage of the ore is 
broken with little or no blasting, and the amount of timber used 
is small. 
A large output is possible. 
A large percentage of the ore can be saved. 
The ore can be kept freer of waste than in block caving. 

Disadvantages : 
It is limited in application to certain ores. 
A large amount of development is required which must be kept 
ahead of the demand for ore. 
A large part of the ore must be shoveled. 
Caving endangers surface and other ore deposits. 
There is some danger to  the miners. 
Ventilation is difficult. 

Block Caving 

Block caving is an  extreme case of sublevel caving in which instead 
of a back of ore 5 to 10 ft. thick, one 50 ft. thick is undermined and 
allowed to cave. The method'is illustrated in Fig. 7. After the bottom 
of the block, or panel, is cut up illto pillars by drift's and cross drifts, 
the pillars are robbed, and then the remaining stumps are blasted out with 
one large blast. This allows the entire block above to cave. I n  settling 
it  disintegrates so that i t  can be shoveled with very little additional 

-blasting. For a block to  cave it  is usually necessary for it to be freed 
on one or more sides. This is done, as shown in the cut, by narrow stopes, 
called isolating stopes. After the ore has settled, for from two to six 
months timbered drifts are driven through it. The broken ore is allowed 
to run into these drifts, starting farthest from the shaft, is shoveled into 
cars and trammed out. As soon as capping shows a t  any point shovel- 
ing is stopped. 

The advantages of this method are: 
The cost of mining is low because very little drilling and blasting, 
or timbering is required. 
The amount of development is small. 
A large output is possible. 

Disadvantages: 
The method is limited in application to low-grade ore of such 
character that  it  will cave and disintegrate. 
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A large amount of ore becomes mixed with capping and lost. 
There is no opportunity to select or sort the ore. - 

Back Cawing into Chutes 

There is another principle tha t  should be mentioned under mining 
methods. I t  is called back caving into chutes or chute caving and in 
some ways resembles block caving. (The description of a mine employing 
this principle is given in Mining Without Timber, by Brinsmade, p. 181.) 
Large overhand stopes are worked, not by drilling and blasting the entire 
back, but by blasting out narrow isolating stopes around the edges of the 

. - - . -. . 

rift 

main stopes and allowing the rest of the ore in the center t o  fall of its 
own weight. That is, a large percentage of the ore is mined by  caving. 
The broken ore is drawn off through chute raises in the bottom of the 
stope. 

As far as  I am aware, the preceding pages cover every method of 
mining that has a distinctive feature and can be readily classified. There 
are innumerable different systems of mining but they all involve only these 
principles, or modifications and combinations of them. 
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To compare properly two different methods of mining, it  is not wise 
to attempt to calculate the total cost of each, but rather to compare the 

costs of those operations that are differently executed in the two methods 
under consideration. When any method is in operation the proper way 
to reduce the total cost is to dissect it  into its different operations and see 
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if the cost of one or all of these cannot be reduced. Iceen competition 
has forced large manufacturing and other industrial enterprises to give 
careful attention to cost accounting and efficiency engineering. This 
calls for the investigation of the smallest details; conditions are adjusted 
so that a workman will not lose time in going after a tool or in walking 
from one machine to another. An increase in the efficiency of a number of 
small operations means a corresponding decrease in the total cost of pro- 
duction. The reasons why efficiency engineering has been so generally 
adopted are two: First, it attacks its problem in a scientific manner and, 
second, it brings results in dollars and cents. Mine managers are not 
excusable from applying its principles just because the ore may be high 
enough in grade to pay dividends even under lax conditions. 

The different operations of mining can be separated in different ways. 
Fig. 8 is a diagram which shows a logical arrangement and the smallest 
operations shown in i t  could be subdivided into yet smaller details ad 
injinitum. In determining upon a new method or in attempting to re- , 

duce the cost of one already established, these operations must be care- 
fully studied. If modifying a method will increase the efficiency of one 
operation without affecting the rest, the probler$ is a simple one, but 
usually more than one operation is affected, some adversely, and some to  
advantage, in which case to determine which is the cheaper method i t  is 
necessary to apply to each operation its cost under the different conditions. 

Costs of Drilling and Blasting. Comparison of Stoping Methods 
- -As an appendix to this article--I have-collected-a number of- costs of- 

mining as published in the reports of mining companies. 
Obviously but few of these reports show the costs of the operations 

given in Fig. 8, and in order to bring out their detailed costs it is necessary 
to make certain assumptions. To bring out the costs of the different 
operations of drilling and blasting, consider the data on North Star, 
Alaska-Treadwell, and the Rand a s  given in the appendix, with general 
data on Cripple Creek and the Michigan copper mines. All are straight 
overhand stoping methods with the exception of the Rand, and, although 
not so stated, I assume t h a t  these data refer to underhand stoping. 
The first consideration is drilling. Up to the present time for underhand 
work, mounted machines were the only ones available, but it is probable 
that  in the future they will be largely replaced by light unmounted 
machines of the Jackhamer type. For overhand work, the hammer stop- 
ing drill, unmounted, has demonstrated its superiority in reduced labor 
cost, increased ease of handling, and greater drilling speed in rock that  
is not too hard. While actually at work machines will drill from 0.25 
to  15 in. a minute, usually 1 to  3 in. At the North Star mine, evidently, 
25 to 30 ft. are drilled for each machine shift. Light stoping drills are 
used and break 74 tons in a 4-ft. stope. I n  Cripple Creek the average 
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of several mines is 60 f t .  for each machine shift. Light stoping drills are 
used and the machine runner is using the machine about 6 out of every 8 
hr. I n  a 5-ft. stope 14 43-ft. holes will break about 15 tons. I11 the 
Lake Superior copper region, in the amygdaloid lodes, machines drill from 
30 to  47 ft. a shift in different mines.I In  the conglomerate, on account 

8 of more massive copper and higher quartz content, about 24 ft. for each 
machine shift is the average (9-hr. shift) and seldom is more than 28 ft. 
drilled. Holes in both cases are usually 8 ft. deep and a burden of 2 to 
3 ft. is placed on them. I n  the conglomerate, although harder to drill, 54 
tons are broken for each machine shift, whereas in the amygdaloid only 
about'38 tons are broken. The stopes are 10 to 30 ft. wide. At the 
A1aska;Treadwell each machine in the stopes drills 28 to 34 ft. and breaks 
323 to 45 tons. Heavy piston drills are used and the stopes are about 60 
ft. wide: On the Rand large machines break 7.2 tons in a 55-in. stope, 
10 tons in a 6-ft. stope, 193 tons in a 7-ft. stope, and small machines break 
3.7 tons in a 4-ft. stope. To arrive a t  the actual cost of drilling i t  is also 
necessary to consider the cost of comprcssed air, machine labor, repairs, 
and drill steel and sharpening. The cost of compressed air varies from 
$0.40 to $2.50 for each machine shift. It depends on the cost of power, 
size and efficiency of the compressor, size and efficiency of machine drill, 
and the conditions of the drill. The accompanying table taken from Ore 

I I 
Cost per 1,000 Cu. I Ft. Free Air 

I Compressed 

Simple steam (non- 
condensing. .......... 200 2 . 2 ~ .  5.91.7. ~ i . 3 ~  4 . 8 ~ .  $2.07152.22 112.40 

Cost per Drill 
Shift. 

I I 

Compound steam1 
non-condensing).. . . .  300 1 .5  1 4.0 3.6 3 .3  1.40 1.50 1.65 

Maximum 

Style of 1 

I '  I I I I I I I 
Table based on 8-hr. shift with coal a t  $5 a ton. 

Total 
5,000 1 a I t .  

per Level Alti- 1 1 tude 
Hour 

Compressor 

Simple steam (con- 
densing) ............. 

Compound steam 
(condensing).. . . . . . .  

'Claude L. Rice: Engineeringand Mining Journal, vol. xciv, No. 5, p. 217 (Aug. 
3, 1912). 

'lee Air 
per Minute 

10,000 
F,. I sea 

Alti- Level 
tude 

. , 

3,000 

5,000 
~ t .  

Alti- 
tude 

10,000 , 

~ t j .  
Alti- 
tude 

0 . 8  2.2 1 .9  1 .8  0.76 0.81 0.88 
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Mining Methods, by W. R. Crane, gives the cost of operating a 3-in. 
drill in granite. 

At the North Star mines machine men cost $3 a shift or 43c. a ton; 
machine power, 40c. a shift or 6c. a ton; repairs and lubrication, 42c. 
a shift or 6c. a ton; drill steel and sharpening, 75c. a shift or 10c. a ton; 
total for drilling, $4.57 a shift or 65c. a ton. T o  this must be added 25c. 
a ton for powder, 4c. for fuse and lc. for caps, which makes a grand total 
of 95c. a ton. Allowing for rock left in the stopes this would be reduced 
about 15 per cent. 

At Cripple Creek machine men cost $3.50 a shift or 24c. a ton; air, 
$2 a shift or 13c. a ton; repairs and lubrication, 25c. a shift or 2c. a ton; 
drill steel and sharpening, 50c. a shift or 33c. a ton. Total for drilling, 
$6.25 a shift or 42frc. a ton. To this add 24c. a ton for powder, 3 % ~ .  for 
fuse, and lc. for caps, which gives a grand total of 71c. 

At the Alaska-Treadwell machine men and helpers average $6.85 a 
shift or 21c. a ton; air, 75c. a shift or 2c. a ton; repairs, 50c. a shift or 
13c. a ton; drill steel and sharpening, 45c. a shift or 1 % ~ .  a ton. Total 
for drilling, $8.55 or 26c. a ton. Adding 15c. for powder, 1c. for fuse, 
and ic .  for caps gives 423c., t o  which must be added an  additional 6c. 
for extra labor which includes powder men. This gives a grand total of 
4 8 3 ~ .  

The data given in the appendix on operations on the Rand are too 
incomplete to analyze as the others are analyzed. From other data 
which I have, I assume that the costs are about as follows: Machine 
laberr, $4.50 a shift; air, 75c.; ~gpairs,  85.;-drill steel and sharpening, 50c. 
This is a total of $6.25. An average of 12 tons were-broken each shift,- 
which gives a cost of 52c. a ton for drilling. To this must be added 25c. 
a ton for explosives, which gives a grand total of 77c. 

On the Rand, despite the greater stoping width, the cost of explo- 
sives is nearly as much as a t  North Star or Cripple Creek and the drilling 
cost per shift is much greater. The influence of the width of the stope 
on the tonnage broken is well illustrated in the Alaska-Treadwell and the 
added cost of machine labor is minimized. The long holes used and the 
character of the ore, no doubt, preclude the possibility of using one-man 
machines. 

From the above, it is seen that  an item worthy of consideration is 
that of drill steel and sharpening. It varies greatly but in any case is a 
factor worthy of attention. Not only the cost of new steel and the wages 
of the blacksmith, but the delivery of sharp drills t o  the stope and the 
removal of dull steel, should be considered. By comparing cost items 
occurring in the reports, which are given in the appendix, other features 
influencing drilling and blasting might be shown, but the greatest value 
results in making comparison when conditions are similar and are known 
with exactness. 
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Lighting 

It is stated in one of the mining books that the cost of lighting for 
each ton of ore mined is about the same in all mines. This is not the 
case. The cost varies according to the light used and the number of men 
underground. The entire subject of mine lighting has been well covered 
by Frederick H. -Morley in the Mining and ScientiJic Press of April 11, 
1914. The following table taken from this article gives the cost of 
acetylene lighting in 10 of the large metalmines. 

Name of Company 

Number 1 
of Men 

Employed 

I 

I Shift I 1 ground I Under- 

Number 
Using 

Homestake Mining Co. .  . . . .  
Ray Con. Copper Co . . . . .  : . 
Quincy Mining Co.. . . . . . . . . .  

. . . . . .  Osceola Con. M. Co. 
United Verde Copper Co. .  . .  
Bunker Hill & Sullivan Co. . 
Calumet & Arizona M. Co.. . 
Ohio Copper M. Co. :....... 
Nevada Con. Capper Co . .  . .  
Mammoth Copper M. C o . .  

1,025 
1,400 
1,389 

625 
600 
460 

1,000 
96 

200 
. . . . . . . . .  

Average.. . . . . . . . . . . . .  1 .  7.22 4.76 ( 2 .,I7 1 5.52 

Con- 1 
ost 

Cost Cost of 
per Candles 

Lamp per 
Shift, Shift, 

"Estimated. 

sump- 
tion per 

L t ~ ~ l  Cents 

1.75 
2.50" 
1.46" 
1.38 
2.23 
2.30 
2 .40  
2 .90  
1.12 
3.66 

Timbering and Handling Ore i n  Stopes. Square-Set us. Top-Slicing 
Methods. 

Carbide 
per Lb., 
cents  1 

Cents 

7.00 
5.00" 
. . . . . . .  
. . . . . . .  
5.40 
6 .18  
6.64 
. . . . . . .  
3.27 
5.15 

There is often a question as to whether square setting or top slicing 
is more economical. For instance, in massive deposits of heavy sulphides 
the ore is easily drilled and breaks well and if overhand stoping with 
square sets is used the weight of the ore necessitates very heavy timber- 
ing. In order to compare the two methods and also to show cost data 
on timbering and handling ore in stopes, assume the methods applied to 
a block of ground 50 f t .  square and assume that the development work 
is the same in each case. The sets to be 6 by 6 by 8 ft. In the top- 
slicing method a drift one set wide is started at the top of the raise 
and run to the boundary of the block and then across the end of the block. 
This will give 10 sets of drift. It will take about eight holes, each 4+ f t .  
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deep, to break a round, or 12 holes t o  break a set. All work in top slicing 
is breast work, and the drilling must be done with a drill mounted oil a 
column. A mounted drill will drill slower and require nlore time for 
nloving than a light, unmounted, stoping drill, which can be used in 

' 

square-set mining. . The cost of each set for the first 10 sets of drift in 
top slicing will be about as follows: 

Drilling, libor, 2 shifts @ $3.50. . . . . . . . . . . . . . . . . . . . . . . . . . . .  I $7.00 
. .  Drill repairs @ 0.30 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0.60 

Drill steel a l ~ d  sharpening @ 0 . 2 0 . .  . . . . . . . . . . . . . .  :. . . . . . . . .  0.40 
Air @ 1.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.00 
Powder, 25 lb. @ 12 ;~ .  . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . .  3.00  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fuse,60ft. @ f c  0.40 
Caps,,l2 @ lc . .  . . . . . . . . . . . . . . . . . . .  ,. . . . . . . . . . . . . . . . . . . . . .  0.12 

Cost for each set. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $13.52 

Each set contains 288 cu. ft. or approximately 28 tons; this makes the 
cost of drilling and blasting 48c. a ton. The distance to tram the ore 
to the raise will average 50 ft. and the cost for mucking and tramming may 
be estimated as follows: A mail will shovel this ore a t  the rate of about 
2$ tons an hour, or 1 ton in 24 min. A wheelbarrowwill'hold about + 
ton and to wheel seven barrow loads 50 ft. mill require from 10 to 15 
min.', say 11 min; this makes the time consunled in shoveling and wheel- 
ing 1 ton 35 min. or 22c. a ton if shovelers, wages are 373c. an  hour. 

. This is equal to 14 tons handled for each 8-hr. shift and a cost for each set 
of $6. Exclusive of the raise there will be a total of 63 sets in a slice, 

. . . . . . . . .  

of which 1-0 sets are mi&d-for 706. a~COi c48El-fofdFilling-and blasting ~ - 

plus 22c.'for mucking). The remaining 53 sets have two free faces to  
break to. The cost of breaking will be 30 per cent. less or 35c. a ton. 
?he average distance from the raise will be less, which will reduce the cost 
of slloveling, say t0,20c., which gives a cost of 55c. for the remaining 

' 

53 sets or an average cost of 57c. a ton to mine the whole slice. On one 
slice there will be required 72 posts, 64 caps, and 72 girts. A post 8 by 

. 8 in. by 8 ft. mill. contain 42 f t .  B.M. and costs 84c. if lumber is figured 
:it $20 per M. Caps and girts 8 by 8 in. by 6 ft. will cost 64c. each, 
figured on the same basis. Framing the posts will cost about 10c. each by 
hand or 5c. each b y  machines, say 6c. Framing the caps and girts will 

' , 
cost about the same. .This gives: 

72 posts @ 90#.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .11864.80 
136 caps and girts @ 70#. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .95.20 

which is $2.55 a set. The cost of taking the timber into the stope and 
placing i t  will amount to from $1 to $2 a set, say $1.50. Other timber 
for lagging and blocking will cost about: 85c. a set, which gives a total 
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for timbering of $4.90 a set or 17c. a ton. i his adcl&i to the cost of 
breaking and mucking gives 74c. a ton. . 

To mine this same block of ground with square sets, it would be 
necessary to divide i t  into two stopes four sets wide and eight sets long. 
The ore has been assumed to  be heavy and it would be impossible to carry 
a wide stope. As soon as a stope is mined it should be filled. For drill- 
ing, a light stoping drill can be used which, under the assumed conditions, 
will drill easily 50 per cent. more footage than the machine on the slice. 
One-third less explosives per ton will be required, s'o the reduction in cost 

' 

of breaking will be a t  least 30 per cent. or to 30c. a ton. A flooring of 
plank will have to be laid on the top set and about 75 per cent. of the 
.broken ore will not fall into the chutes but must be shoveled. A shoveler 
will handle 3 tons an hour a t  a cost .of 12+c. a ton for 75 per cent. of the 
ore. This is equivalent t o  9c. for the total tonnage. We have, there- 
fore, reduced the cost of breaking and shoveling from 57c. in top slicing 
to 39c. in overhand stoping with square sets, a saving of 18c. a ton. 

Consider the timbering. It is not necessary to go again into detail 
but first assume that  tbe ground can be held up by square sets.of 10 by 
1 0  in. timber. A post 10 by 10 in. by 10 ft. long contains 66 f t .  B.M. and 
a t  $20 per M. bill cost $1.32,. Since it is heavy timber and framed on . 
both ends, the framing will cost about 12c., making its total cost $1.44. 
Caps and- girts will cost $1 each plus 8c. for framing, or $1.08 total. 
This makes a total of $3.60 for timbers in the square set instead of $2.30 
in the set Lsecl in top slicing, an  increase of $1.30. There will also he an 
aclded cost of placing of about 50c., which makes a total additional cost 
for timbering in thc square-set method of 31.80 per set or 63c. per ton. 

These figures show very plainly that the timbering used in square. 
set must be very heavy to make the increased cost over top slicing greater 
than is the saving in breaking. Here the saving in the latter is l8c. but 
the increased cost of timber is only 6$c., leaving a balance of 11%~. in 
favor of square-set mining. This is in accorcl with experience, but when 
timbers will not support the ground and many braces are requircd, or fill- 
ing must be resorted to, top' slicing becomes cheaper. Filling will cost 
a t  least 20c. a ton and probably 50c. o n e  1nine:thjt I have had in mind in 
preparing these figures has a cost of timbering and filling of more than $1 

.a ton. - At the Esperanza mine, Mexico, in 1907, 35 ft. B..M. of timber 
were used for each ton of ore, which a t  $20 per M. is 70c., and that  for . 

timber alone. It must be remembered, however, that in ore that  does 
not break easily the'additional cost of breaking ip thc top-slice method 
becomes much greater. 

I do'not want t o  give the impression that  these figurcs are-to-indicate 
the total bost of mining by the different methods. There are ma iy  other 
iteins such as superintendence and ventilation that enter into the cost 
of mining.. There are also incidental expenses in breaking and timber- 

25 
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- ing, such as rep;ring, timbering chutes, and the like, the cost of which 
will enter into the total cost of any method, and the amount can be judged 
only by experience. T h e  figures given bring out only  the relative costs o j  
different operations in  different methods under  assumed conditions. I n  my 
opinion, a few figures are necessary to aid in determining the merits of 
different methods or in reducing the costs of methods in use. With the 
figures, experience and judgment must be added. These are probably 
more necessary in minjng than in any other business, because there are so 

' many variable conditions. 

T r a m m i n g  

The costs of tramming as given in published reports nearly always 
include not only tramming, but loading also, either from chutes or from 
the floor of a drift. The following interesting data are from the Engineer- 
ing  and M i n i n g  Journal  of Mar. 8, 1913. 

"At the Elkton Consolidated Mining & Milling Co., Cripple Creek, Colo., the 
1911 cost of tramming was 14.6~.  per car of approximately 0.7-ton capacity. The South 
Utah Mines & Smelters, Newhouse, Utah, reports its tramming cost for the year ended 
June 30, 1912, a t  15.76~. per ton of.ore, which evidently includes the cost of handling 
waste removed. In Goldfield, Nev., tramming has averaged about 18c. per ton of 
ore produced from stopcs and has ranged from about 14 to 25c. These figures are for 
actual tons trammed and do not include any shoveling in stopes. At the North Star 
mine, Grass Valley, Calif., observations show that  a man pushesoan 18-cu. f t ,  car 
about 150 it. per minute and shovels about 3 tons per hour from a plat into car 
against 2 tons when shoveling off a rock bottom: According to this a shoveler's 
efiEiEfcy is increased about- 50 per cent. by using-a-plat. -The Wolverine Co., - 

Houghton, Mich., reports tramming costs a t  17 .4~ .  per ton of ofe, and the Wettlaufcr- 
Lorain, Cobalt, Ont., 21c. per ton of ore." 

Data on Tramming 
! Shoveling from Rock Bottom 

Size No. ~ e n g t h  Amount . 
Mine State _ Car , of .of Tram Trammed - 

Used . , Men Ft. per Man-Hr. 
. .  Erie Consolidated. . . . . . . . . . .  Calif; . l $  ton 2 1,000 1.17 top 

Erie Consolidated. . . . . . . . . . .  Calif. 1 4  ton 1 1,000 1 . 6  . ton 
Pittsburg-Silver Peak.. . . . .  :'. Nev. 1.1 ton 1 700 1.52 ton 

. Cananea Consolidated. . . . . . .  Mex. 16.8 cu.' ft. 1 300 35.8 cu. ft. 

Shoveling from Plat 
. Erie Consolidated. . . . . . . . . . .  Calif. 1 . 0  ton 1. 100 1.75 ton . 

Pittsburg-Silver Peak.. . . . . . .  ,Nev. 1.1 ton . 1 1,000 1.575 ton 
. . . . .  Cananea Consolidated.. Mex; 16.8 cu. ft. 1 300 42.0 cu. ft. 

Ohio Copper.. . . . . . . . . . . . . . . .  Utah 20 cu. f t .  . 1 100 41.0 cu. ft .  
Loading from Chute 

~ r i e  Consolidated. . . . . . . . . . . .  Calif. . 1 2  ton . 1 1,500 3.12 tons 
Pittsburg-Silver Peak.. : . . . .  ; Nev. 1.1 ton 1 700 6.19 tons 
Cananea Consolidated.. . . . . .  Mex. .. .16.8 cu. ft. 1 300 84.2 cu. .ft. 
Ohio Copper.. . . . . . . . . . . . . . .  Utah _ 20.0 cu. f t .  .1 150 206 cu. ft. 

. . . . . . . . . . . . .  Mother Lode.. B. C. 2.15 tons 1 450 8.4 tonsn 
Tramming with horses and locomotives. 
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If a man shovels from a plat a t  the rate of 24 tons an hour and wages 
are 37;~. an hour the cost of shoveling is 15c. a ton. If a 1,000-lb. 
car is being used he will fill i t  in 12 min. If the tramming distance is 
1,000 ft. and the trammer walks 200 ft. a minute the trip will require 10 
min., allowing 2 min. to dump, the tramming will take the same time and 
cost the same as the loading, that  is 15c. a ton or a total of 30c. a ton. 
Three things are very evident : Tramming is an important item of cost in 
nearly every mine, the size of the car makes a decided difference, and the 
resistance to traction of the. car itself and the grade and condition of the 
track are important factors. I remember seeing one stretch of track . - 

1,000 ft. in length over which i t  took two men to push a car of '1,000 lb. 
capacity. ~ i g u r i n ~  as above this increased the cost of tramming.15~. a 
ton, and in fact i t  was even more because' the two men could push the car 
but slowly. 

' Henry Nagel, Superintendent of the Vindicator mine a t  Cripple Creek, 
has made some interesting observations in regard to tramming. He noted 
in one case that tramming on 800 ft. of level track cost 3c. a ton more than - 

tramming on 800 ft. of track which had a grade of.+ per cent. in favor of the 
loads. In another case a man who had been shoveling and tramming in a 
drift with bad air, did 50 per cent. more work when a good circulation of 

. .air w a ~  secured.' I n  his opinion the greatest efficiency is secured from a 
trammer when the track grade is such that he can ride the car when going 
in loaded. As to the latter assertion a few figures may show how i t  
would nobbe true under all conditions. h car weighing 500 lb. and hold- 
ing 1,200 lb, of ore will weigh 1,850 lb. when a 150-lb. man is riding. If 
i t  has good bearings and has a resistance to traction of only 20 lb. to the 
ton i t  will run on a 1 per cent. grade.' If it has very poor bearings and has. 
a friction of 60 Ib. t o  the ton it will require a 3 per cent. grade for coasting. 
On this grade the empty car returni.hg weighs 500 lb. and would require 
one-fobrth of 120 lb. or 30 lb. fdrce to push it. This is too much for the 
average man. The car with the good bearings would take only a push 
of 10 Ib. t o  bring it back up the grade, which shows the importance of good 
bearings, as'well as of good track. 

The past decade has witnessed the developmeit and successful opera- 
tion of a half dozen or more immense deposits of low-grade copper ore 
that  occur in the Western States. In  every case sufficient capital was 
available to carry out the development of the mines in the manner de- 
cided upon, and i t  is interesting to  note the different n~ethods that, were 
employed. 



2146 METHODS AND ECONOMIES IN MINING 

Utah Copper and Boston Consolidated Mines 

The first two "porphyry coppers" were the Utah Copper, and Boston 
Consolidated, a t  Bingham, Utah. The Utah Copper started out with 
a modification of the chute-caving method described in Crane's Ore 
Mining Methods, p. 141. The method was llot satisfactory and mas 

discarded f o r  stopes and pillars, although very little mining is done by 
this method because the ore will be handled by steam shovels. The 
Boston Consolidated mine, now called the Boston mine of the Utah 
Copper Co., was originally laid out into stopes and pillars. pig. 9 illus- 
trates the m e t h o ~ l . ~  Above the main haulageway there is a 30-ft. pillar 
of ore to protect it. Above this the deposit is divided into a series of 
vertical stopes 30 ft. wide and 150 ft. high alternating with vertical 
pillars of the same dimensions. Above these comes another and similar 

ZITigure taken from article by  C. T. Rice in Mines and Methods, September, 
1910, and copied in Mining.Without Timber, p. 172. 
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series of stopes and pillars, but the pillars in the upper series come im- 
mediately above the stopes in the series below. The plan was to work 
all the stopes on both levels as shrinkage stopes. When the stopes were 
all completed drawing would conunencc from the bottom of thc lower 
stopes. The Tpper pillars being over stopes below would settle and 
crumble so that they would pass down with thc ore from thc upper 
stopes when the lower werc weakened by blasting. It will be 
noted that in this method the capping must cave and follow down on top 
of the broken ore. Just what alterations in the plan of working would 
have been necessary if the method had remained in use it is difficult to 
state. The stopes are still being worked but only the excess ore is drawn 
off; the remaining ore is left to be mined by steam shovels after the cap- 
ping is removed. The width of stopes has been reduced from 30 to 18 
ft., and the pillars increased to 42 f t .  

Ray Consolidated Mine 

The Ray Consolidated Copper Co. a t  Ray, Ariz., is controlled by the 
same interests as the Utah Copper Co. and when their system of mining 
was laid out they no doubt profited by the earlier experience a t  Bingham. 
The orebody is flat and nverages a little more than 100 ft. thick. The 
main haulageways are a t  the bottom of the ore and above them the ore is 
divided into vertical stopes 15 f t .  wide leaving 10-ft. pillars between 
as shown in Fig. 1 03. The stopes are worked as shrinkage stopes to the 
top of the orebody, then the bottoms of the pillars are blasted and drawing 
is commenced from under both stopes and pillars. The pillars, being 
undercut, settle and break up as the ore is drawn. By taking care to 
draw equally from all the chutes under a block of ground the capping 
will cave and follow down uniformly on top of the ore and there will be 
little mixing of the two. The Ray system, from all reports, has been 
eminently successful. Stopes 15 ft.  in width are wide enough so that a 
large tonnage will break compared to the footage drilled, and all the 
advantage is had of the shrinkage method of stoping. After the ore in 
the stopes i~ broken, the pillars, which contain more than one-third of 
the total ore, are available for extraction with only a slight expense for 
drilling and blasting. The cost of mining for the last quarter for which 
reports have been published was 71c. a ton. This includes a proportion 
of all general and fixed charges, but does not include an allowance of 
12$c. a ton for the retirement of mine-development suspense account. 

Miami Mine 

The orebody of the Miami copper Co. is much deeper .than that at  
Ray. I n  horizontal cross-section i t  is roughly circular, about 1,000 ft. 

- 

3 Abstract of article by L. A. Blackner, Mining and Scientific Press, Jan. 3, 1914. 
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CROSS SECTION OFSTOPES 
FIG. 10.-SECTIONS OF STOPES, RAY CONSOLIDATED &TINE 
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across. A tongue of waste rock intrudes into the ore from one side. The 
irregularities in the orebody under the capping are first worked by square- 
set stopes and timber is placed to form a mat betwcen ore and waste. 
Through the main body of ore sublevels are spaced 25 ft. apart vertically 
as shdwn in Fig. 114 and on these sublevels drifts and cross-drifts are 
driven each way 50 ft. apart. The main body of the ore is to be mined 
with shrinkage stopes and pillars similar t,o the l tay  method exccpt that  

a t  Miami the stopes were planned to be 60 ft. wide and the pillars 40 ft. 
I n  working the stopes the miners do not work on top of the broken ore ' 

but approach the stopes through the drifts on the sublevels and break 
the ore into the stopes by the method of sublevel stoping previously 
described. The ore breaks readily into small pieces and obviously a 
60-ft. shrinkage stope would be very dangerous if worked in the usual 
way, but by the sublevel method the danger is eliminated. Even under 
these conditions the last report states that  i t  has been found advisable 
to make the stopes narrower. After the shrinkage stopes are carried 
up to the mat, which is next to the capping, the pillars are worked from 
the top down by top slicing. As this is done the ore from the stopes is 
drawn and a uniform settlement of the capping results. 

The cost of mining a t  Miami has been about $1.20 a ton. Lastyear - 
a premature crushing of square sets uncler the capping started a cave 

R. L. Herrick in Mines and Minerals, July, 1910; Mining Without Timber, 
p. 167. 
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which extended through into the stopes below. The repair of this damage 
caused an increase in'the costfor 1913. The Miami orehody is of higher 
grade than tliat a t  R,ay and the Miami.method will save a greater per- 
centage of clean ore. ~ h e ' c o s t  per ton is greater and there is a question 
as to how much the cost can be reduced.in the future. To date, a large 
amount of ore has been taken from the square-set stopes, an expensive 
operation, but, on the other hand, in the future there will be an  increasecl 
amount of ore to be mined from the pillars, which is also expensive. It 
would!be interesting to know how much of the difference incost  between 
the methods at  R.ay and Miami is due to  the difference in. cost of labor. 
At the miners receive $3'.'50 a day and up. At Ray mostly Mexi- 
cans are employed and they are paid, I believe, about $2.50 day and.up. 

. . ~ n s ~ i r a t i o n  Mine 
. . 

The Inspiration mine, adjoining ' the Miami, has not' yet begun to 
produce o n a  large scale, but it has been developed, in part ,at least, with 
the idea of using block caving. The method was described by. Claude 
T.  Rice in Mines a?zd Methods, June, 1909, and is similar to. the block 
caving ill'bstiated earlier in this pape;. The individual blocks were to' 
be 75 by 200 by 200 ft. high and were to be isolated by stopes on the sides 
and breast stopes between ore and capping. ~ h e ' ~ i l 1 a r s  under the blocks 
instead of beingas shg-yn jn_pigl 7.were to be very narrow, 75 ft. long and 
75 ft. high. Between the pillars narrow shrinkage stopes fillecI w i t h - O K  
would prevent the pillars.fron~. early crushing. This method, I believe, 
has never beengiven a trial and now is t o  be replaced by the method of 
block caving which has been so eminently successful at  the Ohio Copper 
mine at  Bingham. This method is worthy of a fuller. description. The 
following is abstracted from a description of the method'by Clarence 
G. Bamberger in the Engineering and Mining Jot~r?~al of Apr. 6 ,  '1912. 

Ohio Copper Mine . . 

"In rbumt? the conditions are: -411 orebody opencd 400 ft.  in widt11, 450 ft. in 
length, 1,300 ft. in depth, dipping from the liorizo~~tal a t  an angle of 50". The entirc 
rnass bkiug a broken shattered quartzite containing copper, chiefly in the form of 
chalcopyrite disseminated throughout, inclosed by foot and hanging wall of the s a ~ n c  
formation with boundaries not clearly defined. 

"The preparation of this ground for a caving system of mining has been carried 
out as shown in Fig. 12. An incline shaft was sunk in the foot wallon the dip of thc 
vein connecting with the different levels for the transportation of men and supplies. 
Two main ore chutes No. 1 and No. 2 were driven in the foot wall on an angle slightly 
greater than the dip of the vein. . . . . These chutes connect by diagonal raises 
through the foot wall, with the different levels where extraction is taking place and 
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deliverintb hifis of large capacity a t  the Mascotte tunnel or main haulage adit 
which in turn leads to  the concentrator situated a t  the portal about 3 miles distant. 

"Lateral main levels were driven across the orebody a t  the loo-, 300-, 400-, 500-. 

750-, and 1;000-ft. or haulage level. By a network of crosscuts and drifts these different 
levels have been cut up into blocks 200 ft.  square which in mining will again be sub- 
divided. Between the several levels the ground has been blocked out into sublevels 

30 ft, apart and again subdivided by crosscuts, drifts and raises into. blocks approxi- 
mately 30 x 50 x 25 ft. 



"The actual procedure of extraction can be clearly understood by reference t o  
Fig. 13 which shows in detail the sublevels above ment.ioned. Thus we have for 

- example,t.he four sublevels, A,  -8, C, and D. Raises are driven from the crosscuts 
and drifts on the 300-ft. level through sublevels A and B. From these vertical raises 
a t  the various po&ts E, F, G, and H raises are run into sublevel C, radiating like 
fingers from the palm of the outstretched hand. At the breast of these several raises 
sublevel D is blasted down, the ore falling by these leads into the cross inclined chutes 
connecting with the main ore chute, which delivers into bins a t  the loading station 
on the haulage-tunnel level. 

"The same procedure is carried out on sublevel B which in turn is blasted down; 
a t  the same time sublevel C. which has already been cut up  by this finger-11ke networkof 

' 

raises, comes with it  as the solid ground below is blasted down. Thus each alternate 
sublevel is cut up by the numerous raises and the corresponding sublevel above and 
below is blasted down. 

"The actual cost pcr ton for the d~fferent phases of the operation is sho@n in the 
accompanying table 1% hich is an average covering a period of 31 days in October, 
1911, during which period 56,311 tons were mined. , 

Typica l  Daily  Labor Report.  Ohio  Copper Co. 

Description of Labor . , . Number Rate Amount 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Superintendent 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Foremen 

Shift bosses.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Timekeeper.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sampler. 
Mineengineer.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hoist engineer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  SJationary e n g i n ~ r . .  .. .- ........... 

. Chainman.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. .  Tool sharpener.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Machine men.. . . . . . . . . . . . .  : . . . . . . . . ' . . .  : . . . . . . . .  
Machinemen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Muckers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Muckers 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Loaders 

Loaders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chute tappers.. : 

Nippers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Blacksmith.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Blacksmith helper.. 
. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  Carpenter.'. .'. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Carpenter's helper. I 

Trackmen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Trackman'shelper 

Pipeman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Pipeman's helper :. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Timbermen 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Timbermen's helpers.. 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Total labor charge for Oct., 1911.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $11,582.78 . .  
Total stores consumed for period.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3,743.82 
Total power consumed for period. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  476.00 

Total oIjcrating expense for period.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : $15,802.60 

Total development and equipment for period. . . . .  . . . . . . . . . . . . . . . . . .  3,420.00 

Total actual operating expense for period.. . . . . . . . . . . . . . . . . . . . . . . . . . .  $12,373.60 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Average number of feet driven per day.. 3 1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Average number of feet raised per d2.y.. 42 

Average tons mined per day..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .1,817 
Total number of feet driven for period.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  961. 
Total number of feet raised for period. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,302 
Total tonnage mined for period.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56,311 

All calculations based on net weight. 

l L F r ~ m  the above data  several interesting conclusions .can be drawn. Considering 
the whole working force of 110 men as producing the ore, approximately 17 tons of 
ore are delivered to bins per day per man. Considering, however, only the men who 
are actually breaking the ore, approximately 63 tons of ore are delivered to bins per 
day per man. From the "total operating expense for period" and "total tonnage 
mined for period," the cost per ton delivered to bins is shown to be 28.06c., which 
figure includes development and equipment charges. From "total actual operating 
qxp&nsev and "total tonnage mined for period," t,he actual cost per ton.for mining 
delivered to bins is shown to be 21.97c." 

This method of mining is similar to the ideal case of block c&ving' 
already described, only instead of .having to shovel the ore after it is 
caved a large number of branching raises are brought. up from underneath 
and the ore runs into these and on down to bins a t  the bottom of the mine 
without any handling. The raises contain chutes and the ore is drawn 
evenly from a large area so that the capping will follow down without . , 

mixing too much with the ore. While considerable ore is lost the cheap-. 
ness'of the method.is remarkable. I have in my possession the figures 
for April, 1913, almost two years aft.er the above figures were taken, and 
the cost of mining including development and equipmefit is reduced 
from 28.1~. to 22.2~.  

DEVELOPMENT 

The extensive development necessary for the successful operation 
of some methods of mining naturally brings to mind the question of what 
this work costs. I n  the appendix, I have placed a collection of figures 
on the cost of development as published in the reports of mining companies 
Easily driven drifts and crosscuts will cost $3.50 to $4.50 a foot. Aver- 
age-sized drifts in hard rock with a small amount of timbering cost $6 
to $7 and under unfavorable conditions the cost will be $10 or more a foot. 
I n  a 5 by 7 ft. drift costing $6.50 a foot the labor for drilling and blast- 



ing will be about $2.15, labor for shoveling and tramming abqut $1.20, air 
about 30c. a foot, explosives about $1.25, and miscellaneous 60c. a foot. 

"Raises are as a rule less expensive than dyifts and, in 'very favorable 
ground,'can be driven for $1.50 to  $2.50 a foot. The average 4 by 5 ft. 
raise in hard rock will cost $4 to, $5 and raises difficult to  drive or re- 
quiring close timbering will cost $8 a foot and up. Winzes.are not driven 
often but when they are they cost from $10 a foot up.. .. 

Space permits'of a consideration ofionly a few methods from.'the 
point of view ofdevelopment. At  Kalgoorlie (J. Cheffirs, Transactions 
Australian Institute ofMi7zing Engineers, vol. xiii) in a bloclc of ore 500 ft. 
.long and 200 ft.  high (the distance between levels), rill stoping required 
four raises and shrinliage stoping required one; 800 ft. of raises cost about. 
$5 a foot or $4,000. If we assume the vein to average 8 ft. wide a block. 
of ore would contain about 60,000 tons, which means a cost for develop- 
ment of almost 7c. a ton. With shrinkage stoping this cost would be less 
than 2c. a ton. Of these nlethods touched upon in the preceding pages 
the Miami mine has the grgatest footage of development work. The 
scheme of developnlent allows a good many different methods of mining to 
be used without any changes; i t  also permits a large tonnage to be pro- 
duced from a limited area. A block of ore 50 by 50 by 50 ft: contains 
approximately 50 ft. of raise and 200 ft. of drifts and crosscuts. Estimat- 
.ing raises a t  $3 a foot and drifts a t  $5 a foot gives a total of $1,150 for the 
block. It contains about 10,0,00 tons of ore, which would make 113c:a-ton 
,as the costf$r <evelopment; this ejrcludes the cost of shafts, stations, and. 

- - - _  _ -. . _ .. . _ .. .___ _ . -~ . . - 
similar requirements. . . 

At Ray 123c. a ton is.allowed for the retirement of mine-development. 
suspense account but just what this covers is not stated. It evidently 
covers more than development for stoping. ;. ., . . 

The method used a t  the Ohio Copper mine requires considerable 
development of which a large percentage is raising. D u e  to  .the.fact 
that many of these raises were inclined, so t 'hata miner could work a t  the. 
face without using timber, and thatal l  the ore, after being.blasted, runs 
by to the bins, the cost of the raises was only a t  the rate of 50 
or 60c for each ton of ore mined in driving them. . . .  

APPENDIX . ... . . 
. . . . 

, . .  . 
. . . . . . Mininy . . ,  Costs : .. 

. 
Montana-Tonopah Mine. (Mining and Scienti$c Press,, Mar. 22, 1913) 

' 
Silicified and mineralized veins in altered andesite, 3 to 5 ft .  wide, steeply pitching. 

Sometimes thrown over by faults through the stopes. Overhand stoping. 



Year &ded Aug . 31. 1912; 53. 874 tons.mined . 
Labor : 

.Ore breaking . . . . . . . . . . . . . . . .  $0.579 
Mine machines . . . . : . . . . . . . . . .  0.031 
Hoisting and dumping . . . . . . . .  0.197 
Bolers . . . . . . . . . . . . . . . . . . . . . .  0.034 
Shoveling and sortsing . . . . . . . . .  0.675 
Tramming . . . . . . . . . . . . . . . . . . .  0.224 
Timbering . . . . . . . . . . . . . . . . . . .  0.209 
Tool sharpening . . . . . . . . . . . . . .  0.026 
Surveying . . . . . . . . . . . . . . . . . . .  0.028 
Foreman and bosses . . . . . . . . . .  0.078. 
Sampling . . . . . . . . .  : . . . . . . . . . .  0.016 
Storekeeper . . . . . . . . . . . . . . . . . .  0.011 
Assaying . . . . . . . . . . . . . . . . . . . .  0.016 

Watchman . . . . . . . . . . . . . . . . . . . .  0.011 
Superintendence . . . . . . . . . . . . . . . .  0 ;  046 
Maintenance and repairs . . . . . . . . .  0.001 

. . . . . . . . . . . . . . . .  Total labor $2.182 

Supplies : 
Water . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  Ore breaking 
Compresscd air'. . . . . . . . . . . . . .  
Hoisting and dumping . . . . . . . .  
Hoisting (elec . power) . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  Timbering 

Total supplies . . . . . . . . . . .  

Total mine cost . . . . . . . . . . .  .$ 2.975 

! 

Tonopah.Belmont . (Engineering and M i n i n g  J o u r n a l ,  May 11. 1912) 

Year ended Feb: 29. 1912. 182. 000 tons dry ore and waste; 152. 550 tons clry crude; 
115. 560 tons dry. sorted . 

Fracture zones in andesite and rhyolite.dacite. filled with quartz . Overhand 
stoping . 

Per Ton 
Dry. 

Development: Sorted. Cents 
Miners . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47.4 
Muckers and trammers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22.2 
Timbermen and helpers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 . 4  

Stoping : 
Mincrs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Shovelers 
Trammers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  Timbermcn and helpers 
Filling . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . .  Piston-drill repairs and maintenance 
. . . . . .  Stoping-drill repairs and maintenance. 

. . 

Steel and sharpening . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 . 1  
Eaplosives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28.6 
Hoisting to surface . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  30.9  
Auxiliary hoisting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .-. . . . . . . . . .  9 . 4  

. . . .  ...... . . . . .  . . . .  . . . . . . . . . . . . . . . . . . . .  Ore. sorting and loading : , : ; . : . 27.3. 
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. . Sampling and assaying.. . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Surveying 

Supt. and shift bosses. ..:.... .': . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mine office.. . . .  : . . . .  : . . .  : . . . .  : . . . . . . . . . . . . . . . . . . . . . . .  :. . . . . . . . . .  

. . 
Surface a;nd plant: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . .  
Lighting . . . . . . . . . . . .  . . . . . . . . . . . . . .  

. . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  Heating.. .: : 
Drayage: . . . . . . . . . . . . . . . . . . . .  .'. . . . . . . . . . . . . .  : . . .  : . . . . . . . . . . . .  

. . . . . . . . . .  . . . . . . . . . . . . .  Maintenance and repairs to buildings.. ; : : 

Maintenance and repairs to  machines and machine tools. . . . . . . . . . .  
. .  . . . . . . . . . . . . . . .  Maintenance and repairs to  pipe'lines and tnnks. : 

. . . ,  . .  Maintenance and repairs to railroad spurs.. . . . . . . . . . . . . . . . . . . . .  : . .  
Maintenance and repairs to pole lines:. . . . . . . .  : . . .  : . . . . . . . . .  : . . . .  

. . Pumping.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  TTentilation.. 

Administration, taxes, safety, and depreciation. . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Grand total 

West  End, Tonopah. (Mining and Scientific Press, Aug. 16, 1913) 
. . 

. . . . . . . . . . . . . . . . . . . . . . . .  Superintendent and foreman. 
Breaking.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Timbering. :.. : . . 
. . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . .  Tramming. : .': 

Hoist, etc.. . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . .  Ore loading.. : : : . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ore sorting.. 
. . . . . . . .  . . . .  .:....:. Assaying, salnpling, surveying. : :.. : 

. ,  
Surface, ore dump, drayage. . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . .  . . . . . . . . . . : . . . . . .  . . . . . .  .:.... Development. : :. .- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  .Generalexpense 

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  Miscellaneous. : . i .  

. - - .  
. .  Total;.!. .....:........;.... :. . . . . . . . . . . . . . . . . . . . .  . . $4.162 



Bunker  Hill and Sullivan. (Engineering and Min ing  Journal ,  June 14, 
1913) 

Large replacement deposits of sulphide ores in quartzite. Overhand stoping with 
stulls or square sets. 

Labor Supplies 
. . . .  . . . . .  Superintendents, blacksmiths, and supply men.. $0.177 

. Timbering.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.086 . $0.215 
Miners.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.367 . . . . .  1 Carmen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.052 . . . . .  
Shovelers.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.366 : . . . .  
Power.. . . . . . . . .  .: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.027 0.045 ' 
Repairs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.026 . . . . .  
Explosives. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.075 
Illuminants.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.020 
Lubricants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.003 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Iron and steel. 0.012 
Miscellaneous supplies.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.035 
Wood.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.034 
Stable.. . . . . . . . . . . . . .  1 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.001 

. L 

- - 
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1.101 $0.440 
Grand total $1.541 

.Stewart   in in^ Co., Ciur d'dlane. (Mining  and  Scienti$c Press, Apr.  
26, 1913) 

. . . . . . . . . . . . . . . . . . . . . .  Cost of mining and development.. $2.15 

Ferreria Mine,  Rand, South Africa. (Mines and Minerals, M a r c h ,  1911) 

Overhand rill stoping, shrinkage. 

Tons for each machine shift.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.48 
Pounds of explosives'per ton, 57, cost.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  16c. 
Total cost of stoping, 77c., plus 25c. for timbering,. . . . . . . . . . . . . . . . . .  $1.02 
Stoping on contract, per ton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55c. 

. . 

B r a k p a n " ~ i n e ,  Johannesburg. .  (Mining  and Scientific Press, May 17, 
1913) 

Presumably underhand s to~ing .  
Mining: 

Stoping $1.11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Timbering and packing. . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . .  0 .24  
Shoveling and tramming mine and dump. . . . . . . . . . . . .  : .:. 0.66  
Transport, underground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 0.11  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Transport, surface 0.01 
Hoisting.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.20 
Pumping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.16  
Other charges.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.17 
Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.36 . - 

Total,. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  $3.02 
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Rand Mining  Costs. ( E .  M. Weston: Engineering and M i n i n g  Journal ,  
Feb. 8, 1913) 

.Presumably all underhand stoping. 
New I<leinfontcin Mine.--With hand drilling each native breaks 1.2 tons a shift 

a t  a cost of $1.'03. Of this amount the white labor cost $0.16, the native labpr nearly 
threc times as much, while food,,etc., for the latter costs 22c. to 24c. per ton. Owing 
to easy nature of ground, explosives cost only a little ovcr 14c. a ton. The average 
footage drilled per nativc each shift is 40 in. and the stoping wiclth 44 ft. 

At +e same mine largc ~nachines broke 10 tons a shift in a 70-in:stopc a t  a cost of 
97c. a.ton brolten; of this 97c., whitc drillers.cost 2%; nat,ives 11; c., wide their food, 

. etc., cost 30c. Explosives cost 21c. -a ton. 
One of the Deep-Level Mines.-Han~mcr boys drilled 33 in. per sllift.and 'brokc 

3 t,on in a 44-in. vein a t  n cost of $2;73 a ton. Explosives cost 30:3c. ton. Large 
m:rchines broke 7.2 tons :I, sliift in a 55-in. veil1 a t  a cost of $1.87 a t o n . .  Explosives 
cost'36.3c. :L ton. Srrlall lriachincs brokc 3.7 tons in a 4-ft. vein a t  a cost of $2.43 a 
ton. Explosives cost 40 .5~ .  a.ton. 

One of the Large Outcrop Mines oi the Central kalld.-~acll nativc drilled 48 in. 
and broke 1.5 tons :I sliift in a.63-in. vein a t  a cost of $1.22 L ton. Of this explosives 
cost 18 .2~ .  Large nlacl~ines broke 19.5 tons a shift in :rn 83-in. vcin :xt :L cost of 77c. 
Of this, explosives cost 20.2~.  

The above costs are for stoping only. The total.mining.cost,s ran from $2.25 t,o 
$5 a ton. 

Portland Gold ~ i n i n g  Co., Cripple'Creelc, Cob. 

Overhand st,oping \\-it11 stulls ancl squarc sets. 

Per Ton Broken - 

Tr:rmlning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $0.17 
. - HGistiiigT;:. . I-.: ........ T; .T .::. . .~::-.-... ::: ::. -07 10- -  . - -  - -- --- 

Sorting. . , . . . . . . . . . . . . . . . . .  .: . . . . . . . . . . . . . . . . .  0.14 e e u d  to 3dc. per ton of ore 
\ through ore house. 

Assaying, engineering, supcriritenclcnce, and gcncral 0 .30  
Stoping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.63 

\ 

Total. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $2.43 . . 

About 44 per ccnt,. of total ore brolicn is trammed; 29 per cent. of ore trammed is 
sorted, equal to 12.7 per cent. of total. 

The costs for the year 1906 a t  the Portland mine as given in Ore Mining Methods, 
'by W. R. Crane, wcre as follows: 

Cost per Ton 
Labor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1.142 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  RiIachines ,0.270 
Tramming. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.029 
Explosives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.380 
Hoisting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .0.230 
Supplies.. . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.036 
Superintendencc, assaying, etc. . . . . . . . . . . . . . . . . . . . . . . .  0.450 

Total.. . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . .  $2.537 
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The labor cost was subdivided as follows: 

Machinemen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $0.4761 
Trammers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.3214 
Pipe a.nd track men. . . . .  I . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0357 
Timbermen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.1666 
Timber helpers.. . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.1428 

-- 
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1.142 

Temiskaming Mining Co., Cobalt, Canada. (Engineering and Mining 
Journal, May  25, 1912) ' 

Narrow veins in schist. Overhand stoping. 
Mining and timbering $1.85, of which labor was 66.5 per cent. and power 13.5 

per cent. Dynamite cost 33.7~.  a ton, fuse 2.6c., candles 3c., drill repairs 21c., 
steel 14 .7~ .  

Hollinger Mine, Porcupine, Canada. (Mining and Scientific Press,, 
M a y  3, 1913) 

Country rock, fine-grained compact schist. Veins 2 t,o 6 ft. wide, containii~g 
qul~rtz in stringers and bunches. Overhand stoping. 

General and superintendence. . . . . . . . . . . . . . . . . . . . . . . . . .  '$0.179 
Diamond drilling.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.027 
Stoping and driving. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.969 
Timbering stopes.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.219 
r 7 lrainnling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.551 
Drainage and pipes. . .  :. . . . . . . . . . . . .  .- . . . . . . . . . . . . . . . . . .  0.092 
Iloisting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.170 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dumping 0.083 
Drill steel.. . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . .  0.298 
Assaying, sampling, and s~~rvcying .  . . . . . . . . . . . . . . . . . . . .  0.064 
Change house and lights. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.013 
I-Tandling explosives. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.025 
Handling waste. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.016 

I n  the Kalgoorlie district, Western Australia the ore occurs in strong veins in 
quartz-dolerite. The width of the veins varies but averages about 12 ft. The 
stoping methods employed are overhand rill stoping with filling, flat-back stoping, 
and shrjnkage stoping. The following costs are of mine's in this district. 

Great Boulder Pe?:severance. (Engineering and Mining Journal, M a y  
25, 1912) ' 

Average stoping width 12.94 ft. ' I ,  

. Wages and contracts.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $0.92 . , 
Explosives.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.156 
Drill part,s and air lines. :. . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0434 . 
Candles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0182 
Airfordrilling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.1056 
Notspecified . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.4682 

. .  Totalcost . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1.71 
26 



Ivonhoe Mine  . (Min ing  and Scientific Press. May  24. 1913) 
. . .  

. 
Ore breaking . . . . .  ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1.38 
Filling stopes . . . . . .  .' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.27 
Tramming and hoisting . . .  : . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . .  0.58  
Development . . . . . .  ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.52  

Kalgurli Mine  . (Min ing  and ScientiJic Press. Mar . 8. 1913) ' 

Labor : 
Superintendence . . . .  \ .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $0.04 
Breaking ore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.66 
Timbering stopesand chutes . . . .  : . . . . . . . . . . . . . . . . . . . . . . . .  0.04 
Loading&nd tramming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.42 
Filling stopes . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.16' 
Tool sharpening, etc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.05 
Sundries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.02 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Total labor $1.39 
Stores : 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  Tools, steel. drill renewals : $0.03 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  Candles : 0.02 

Explosives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.18 
Timber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.04  
Assays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.01 
Sundries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.01 

-. .................... ........... . . . . . .  
. . . . . .  . Total stbres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.29.  '. 

. . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  Hoisting, machine drills : .,. 0.24  
. 

Grandtotal  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1.92 

Oriental Consolidated, Unsan. Korea . (Min ing  and ScientiJic ~ r k s s .  Apr . ' 

30. 1910) 

. . . . . . . . . . . . . . . .  .Mining timbers $0.25h 
Fifewood . . . . . . . . . . . . . . . . . . . . .  0.133 
Lumber . . .  ; . . . . . . . . . . . . . . . . . .  0.105 
Dynamite . . . . . . . . . . . . . . . . . . . . . .  0.097 
Candles . . . . . . . . . . . . . . . . . . . . . .  0.094 
Fuse . . . . . . . .  , . . . . . . . . . . . . . . . .  0.094 
Detonators . . . . . . . . . . . . . . . . . . .  0.011 
Charcoal . . . . . . . . . . . . . . . . . . . . .  0.013 

. . . . . . . . . . . . . . . . . . . . .  Lubricants 0.010 
. . . . . . . . . . . . . . .  Drill steel . . . .  : 0.011 

. . . . . . . . . .  Bar, sheet, track iron 0.010 

Picks, shovels. ham'mers . . . . . . . '  $0.009 
Miscellaneous (rope. pipe. cars. 

etc.). . . . . . . . . . . . . . . . . . . . . . .  0.046 

Total . supplies . . . . . . . . . . . . .  $0.823 
Assays . . . . . . . . . . . . . . . . . . . . .  ;. 0.006 . . . . .  . . .  
White labor . . . . . . . . . . . . . . . . . .  0.117 
Korean labor . . . . . . . . . . . . . . . . .  0.612 
Outside expense. shops. stables. 

,etc . . . . . . . . . . . . . . . . . . . . . . . .  0.030 . . .  

. ...................... Total : $1 590 
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Consolidated M e r c u r  Gold M i n i n g  Co., Mercur ,  Utah. ( M i n i n g  and 
ScientiJic Press ,  Sept. 25, 1909) 

Fifteen to 70 ft. vein of soft ore in hard cherty limestone. Dip 10' to 30". Sub- 
level caving, with sublevels 14 ft. apart. 

Total cost of mining $1.53. 

A l a s k a  Treadwell 

From the costs of 1912: 
. . . . . . . . . . . . .  Machine drillers.. 

Laborers, powdormen, e tc . .  . . . .  
Foremen. : . . . . . . . . . . . . . . . . . . . .  
Blacksn~iths.. . .  : . . . . . . . . . . . . .  
Machinists,, 'carpenters, timber- 

men . . . . . . . . . . . . . . . . . . . . . . .  
Powder. . . . . . . .  : . . . . . . . . . . . . . . .  
Fuse and caps.. . . . . . . . . . . . . . . .  
Candles. . . . . . . . . . . . . . . . . . . . . .  
Machine drill supplies. . . . . . . . .  

Cost of stoping only 

Iron and steel.. . . . . . . . . . ' . . . . . '  . . 0.003 
Lumber and timber. ; . . . . . . . . .  0.003 
Compressed air. .  . . . . . . . . . . . . .  0.018 
Power.. . . . . . . . . . . . . . . . . . . . . .  0.007 
Mechanical repairs. . . . . . . . . . . .  0.002 
Blacksmith shop . . . . . . . . . . . . . . .  0.005 
Miscellaneous. . . . . . . . . . . . . . . .  0.041 

Total. .  . : . . . . . . . . . . . . . . . .  $0.544 

Anaconda  Co., Butte, M o n t .  

Cost of mining by overhand stoping with square sets and filling was $3.77 in 1911. 

B r a d e n  Copper  M i n e ,  S o u t h  America.  ( M i n i n g  and Scientific Press ,  Dec. 

' 

4, 1909) 

Ore breaking including superintendence and gcneial charges was 41c. Machine 
drilling with 2%-in. drill was a t  the rate of 31 ft. per man-day a t  a cost of 2.025~.  a 
foot. Hand drilling was done a t  the rate of 13.8 ft. per man-day a t  a cost of 8 . 2 ~ .  . 

, 

Cost of Development 

B u n k e r  H i l l  and Sullivan. Cceur d'A1Bne. (Engineering and M i n i n g  
Journal, June 14 ,1913)  

-11,050 f t .  'of vertical'and horizontal development : 

Foremen, blacksmiths, e t c . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Miners.. . . . . . . . . . . . . . .  ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shovelers..: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :. . . . . . . .  
Explosives.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Timber and lagging. ,". 
Power, labor and supplies.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Notspecified . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Per Foot 
$0.312 
2.500 
1.650 
0.990 
0.400 
0.524 
0.774 

Per Cent. 
4 . 4  

35 .0  
23.1 
13.8 
5 . 6  
7 .33  

10.8 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $7.15 100.0 



Portland Gold Mining Co., Cripple Creek, Col. 

Cost of drifts or levels, $6.12; crosscuts, $6.23; winzes and raises, $8.60. I n  the 
Cost of Mining by Finlay, p. 380, the cost of 896 f t .  of 5 by 7 f t .  drifts is given as 
follows: 

Per Foot 
Tramming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1.00 
Pipeandtrackmcn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.14 
Machine men. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . . . . . . . . . . . . .  1.88 

- 
Total labor. . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $3.02 I 

Other costs: . . ' .  1 
Use of machines, air, etc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $0.97 

. .  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  Repairs, cars, e tc . .  : : 0.08 
Explosives.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . .  1.43 

I 
Hoisting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.46 
General expense, surveying, assaying, bosses. . . . . . . . . . . . . . .  0.58 

-- 
Grandtotal . . . . . .  : . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $6.20 

~ o n t e n a ~ ~ o i a ~ a h  g in in^ Co. (Mining and Scientific Press, Oct. 9,1909) I 
Drifting, $6.56 a foot; crosscuts, $5.44; raises, $4.65; winzes, $11.92. Cost of 

development subdivided as follows: 

I I . . 
~ a b o r  : .Per_Cent. 

Breaking . . . . . . . . . . . . . . .  ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27.10 . 
.. - .  . --:- . -..Timbering .... _.L -LILI ..; . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . .  4.38 -- -- - . -- 

- .- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hoisting and dumping.. ..(---6:32 - 
. . 

Foremen and shift bosses : . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . .  1.75 
. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  Blacksmith, sharpening. : 1.7e 

. .  . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . Shoveling and tramming: :.. : 22.90 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sumeyhlg 1.35. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Watchman. 0 ..52 
. . . . .  . .  . . . . . . . . . . . . . . . . . . .  Storekeeper and timekeeper. : : 0.35 

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  Diamond drill hole. :4 .  4.38 
Supplies : 

. . .  Breaking. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21.20 . . 
. . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Timbering. 1.23 

Hoisting and dumping. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.86 
. . . .  ~ . .  Hoisting, electric :. . . . . . . . . . . . . . .  .:. . . . . . . . . . . . . . . . .  3.56 

At a. Western Gold Mine 302 ft. of development work tbok 238 miner's shifts, 122 
shifts of muckers and trammers, and 105 machipedrill shifts. Explosives cost $1.41. 
a foot.and,air for drills 25c. a foot or 75c. for each machine-drill shift. 

At the Standard Mine, Bodie;Cal.,,drifti cost.$3.07 a ft. ki th  an average of 1.3'ft. 
a- shift, and raises cost the same. ;At the Commercial mine at BilLgham, Utah, in 
1912,,drifts cost from $5.83 to  $8.13 a ft., and raises cost 85.56. At the Nevada   ills 
mine, Fairview, Nev., drift? and crosscuts cost $9.75 a foot, raises $12.50, and winzes 
$30. At the G(e.at Boulder Perse~erance, 'Kal~oorlie, drifts cost $12.90 a foot; and 
crosscuts. $13.80. At the Braden Copper Co., South America, development cost 

. . 
$3.54 a-foot. ' . . , . . . . 
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At Cananea in hard quartz a 43 by 63 ft. drift took 7.8 lb. of powder for each foot. 
and a 6 by 11 ft. raise took 8.3 lb. At the Piltsburg-Silver Peak a 4f by 5 ft. raise 
took 9 lb. powder for each foot, and a t  the Erie Consolidated in slate and quartz a 
5 by 7 f t .  raise took 6.65 lb. I n  drifts driven by hand work in medium-hard ground 
the cost was $4.50 to $5.50 a foot of which the labor was 77 to 85 per cent. and explo- 
sives 15 to  23 per cent. The rate of advance was 1 to If ft .  a shift. . 




