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METAL-MINING PRACTICE 1

By CHAS. F. JACKSON 2 and J. H. HEDGES 3

INTRODUCTION

This bulletin summarizes mining practices of a large number of
metal mines in the United States and foreign countries. The adapta
tion of mining methods best suited to the various natural conditions
in mines is discussed, and compaJ:'Rtive costs are presented. The basic
data-gathered in the field by Bureau of Mines engineers and con
sultants in cooperation with mine operators-have been published in
a series of information circulars dealing with practices and costs at
individual mines and ore-dressing plants. The data have been made
comparable by adhering to a standard form of presentation in the
individual reports.

The first circular was issued in December 1928, and by December
31, 1938,250 dealing with mining and milling of metallic ores had been
published. Of this number, 164 deal with operations at individual
mines and plants-94 with mining only, 59 with milling only, and 11
with mining and milling. Eleven circulars are summaries, each
covering a particular mining method, and 53 are discussions of sep
a,rate operations involved in mine operation or deal with special phases
of mining. Seven of them treat special ore-dressing an.d allied sub
jects, Thnd 15 are a part of a mineral-industries survey by counties or
districts, in which many individual properties are described and costs
and other data are presented. Ea,rlier bulletins summarized the
mining and milling of ores of the principal metallic minerals, 4 or
specific problems 5 in the exploitation of metal mines.

OBJECT AND SCOPE OF BULLETIN

The purpose of this bulletin is to consolidate and analyze the in
formation contained in earlier reports on mining methods, practices,
and costs.

1 Work on manuscript completed March 1939.
2 Chief engineer, Mining Division, Bureau of Mines.
3 Assistant to the Director, Bureau of Mines. .
~ Crane, ,V. R .. Mining Methods and Practice in the Michigan Copper Mines: Bureau of MIne~ Bull.

306, 1929, 192 pp.
Jackson, Chas. F., and Knaebel, John H., Gold J'v'lining and Milling in the United States and Canada,

Current Practices and Costs: Bureau of Mines Bull. 363, 1932, 151 pp. . . . ...
Jackson, Chas. F., Knaebel, John B., and Wright, C. A., Lead and Zmc Mming and MIllmg In the

United States; Current Practices and Costs: Bureau of Mines B~l1: 38~, 1935, 204 pp. . .
Gardner, E. D., Johnson, C. H., and Butler, B. S., Copper MIllIng In North AmerIca: Bureau of l'vllnes

Bull. 405, 1938,300 pp.
~ McElroy, G. E., Ventilation of the Large Copper Mines of Arizona: Bureau of Mines Bull. 330, 1931,

14~~k~on, C. F., and Knaebel, J. H., Sampling and Estimation of Ore Deposits: Bureau of Mines Bull.
:356, 1932, 155 pp. .

Gardner, E. D., and Johnson, J. F., Shaft-Sinking Practices and Costs: Bureau of MInes Bull. 357, 1932,
104 pp.

Jackson, Chas. F., and Gardner, E. D., Stoping Methods and Costs: Bureau of Minef' Bull. 390,
J936, 296 pp.
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Although the exploitation of deposits of metalliferous ores cannot
be discussed comprehensively without considering milling and market
ing of the ores, this bulletin is concerned principally with mining or
ore production. In the following pages milling and marketing are
discussed briefly only when they have a direct bearing on some phase
of mine exploitation.

The circulars covering methods and practices at individual mines
were written for the most part by members of the operating staffs in
accordance with an outline prepared by the engineers of the Bureau
of Mines. The outline was designed to produce papers that would
(1) describe the characteristics of the ore deposits that governed the
selection and application of the mining methods employed in each
case, (2) describe the methods and practices employed, and (3) present
the costs of mining under the described conditions by the methods
used, thus giving a complete picture. The outline was responsible
for uniform presentation of comparable data which it was possible to
surnmarize and analyze in a series of reports on different phases of
mining practice.

ACKNOWLEDGMENTS

The study of mining methods and costs covered by the circulars
and bulletins nlentioned above would have been impossible without
the cooperation of the management and staff of the many companies
that contributed information and of the executives of these companies
who permitted the gathering and publication of the information.

The authors acknowledge this cooperation without specifically men
tioning names. Original authors, both of the information circulars
and of articles in the technical press from \vhich data have been taken,
are given in footnote references in the body of the bulletin. If any
have been omitted, the omission is unintentional. These references
not only serve as acknowledgments but also assist the reader in
running down details impossible to include within the scope of the
present summary.

DEFINITIONS

The terminology used in this bulletin is believed to be that em
ployed and understood by the average American metal miner, shift
boss, foreman, superintendent, engineer, or manager, to whom the
bulletin probably will be of most interest. This may vary sonlewhat
from dictionary definitions; hence, to avoid possible misunderstand-
ing, a number of terms are defined as they are employed in this paper

MINE.-A pit or excavation in the earth from which ores or other mineral sub
stances are taken by digging; hence, either an open-pit or an underground
working.

PROSPECTING.-The search for outcrops or surface exposure of mineral deposits.
EXPLORATloN.-The search for unknown ore deposits or the extension of known

deposits, including preliminary development and tests to determine probable
value. Exploration may be conducted from the surface or from underground
workings, by surface trenching, core or churn drilling, or by driving drifts, cross
cuts, raises, and shafts. The term is used here to cover more comprehensive work
than prospecting, and includes sampling and other procedure for obtaining infor
mation upon which to base ore-reserve estimates or plans for future mining
operations.

DEvELoPMENT.-The preparation of a mine for ore extraction, including con
struction of all openings required for ventilation, drainage, and transportation of
broken ore to the surface, such as shafts, tunnels, main raises, crosscuts, and haul
age drifts, skip pockets, and pump stations.
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STOPE DEVELOPMENT.-The driving of subsidiary openings designed to prepare
blocks of ore for actual extraction by stoping.

STOPING.-The act of excavating ore by means of horizontal, vertical, or inclined
workings in veins or large irregular bodies of ore, or by rooms in flat tabular
deposits, and also the mining of ore by caving methods. It covers the breaking
and removal of ore from underground openings except those driven for explo
ration and development. In many of the information circulars upon ,vhich this
bulletin is based the term "mining" was used synonymously with "stoping" and
is often so used in practice.

UNDERGROUND TRANSPORTATloN.-The transporting of ore, rock, men, mate
rials, and supplies through shafts and haulageways, including the loading of ore or
rock into cars and carrying it to the surface.

MUCKING.-Hand or mechanical shoveling and power scraping of ore and rock.
Because the tern1 covers both shoveling and power scraping and because it has
become thoroughly established in mining parlance through universal use, it is
employed freely here in this sense, even though its dictionary meaning is some
thing quite different.

PROSPECTING AND EXPLORATION

In this presentation of the technology of mine exploitation, the
various operations will be discussed in the order ill which they are
ordin.arily performed in the discovery and exploitation of an actual
mining property. Thus, the search for valuable mineral by the pros
pector will be discussed first.

In North America the initial discoveries of valuable metal mines in
a district have seldom, if ever, been the result of organized exploration
of large areas by well-financed companies. Prospecting for metallic
ores has not usually been conducted as has prospecting for petro
leum-by test-drilling or "wild-catting" in areas indicated by struc
tural data (often gained from elaborate geological and geophysical
surveys) to be favorable for the accumulation of oil. Certain note
worthy exceptions are found in the exploration for iron ore in the Lake
Superior region and for lead and zinc ores in the Southeastern Missouri
and Tri-State districts. Even in these districts, however, the original
discoveries of ore minerals doubtless were made by chance and at the
outset large-scale exploration was not carried on.

It is true that large areas of North America have been mapped and
studied carefully by Government geologists, and the published results
of their surveys have been very useful in the search for ore. However,
particularly in the United States, these valuable reports have not been
used by the average prospector as freely and intelligently as they
should have been.

With the depletion of known and more easily discovered ore de
posits and the expected advance in geologic knowledge and applica
tion of geophysical methods, prospecting for ore may some day be
conducted on a scale and in a manner analogous to petroleum explora
tion, covering wide areas that the geologist has designated as favor
able for ore deposition. In the past, however, most original dis
coveries of ore in this countrv have been the result either of accident
or of the persisteIlt efforts of iitdividuals or small groups of prospectors,
often ill-equipped and poorly financed.

PROSPECTING

In the early days, the search for ore often was conducted in remote
regions, far from any base of supplies. Equipment and food had to
be packed on foot or on the backs of animalsJ often for long distances,
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The prospector was forced to provide his own shelter and prepare his
own food, perllaps to procure part of his food supply with rod and
gun, and to perform many tasks that absorbed much of the time and
energy that might otherwise have been spent in the actual search for
ore.

The life of the old-time prospector was an arduous and usually a
lonely one, and only those with natural physical endurance beyond
the ordinary, together with determination and extraordinary opti
mism, were fitted for it. Relatively few prospectors have received
financial rewards commensurate with the efforts put" forth and the
privations suffered; where they have persisted for years without
success it has probably been due to particular aptitude, a liking for
the life, and the undying hope of some day making a big "strike."

Today, supply bases are closer and more easily accessible in this
country, due to railroad, highway, and branch-road construction.
In many remote regions in North America and other continents
modern means of transportation, notably airplanes and motorized
boats, have brought prospecting fields immeasurably nearer, in point
of time and effort, to bases of supply.

Prospecting still requires special natural adaptability and, now
more than ever, a Imowledge of the different ore minerals, the geolog
ical conditions favorable for ore deposition, and the different rocks
and rock structures friendly to mineralization.

With the revival of interest in gold mining brought about by the
depression of the nineteen thirties and the consequent resumption of
prospecting for gold, many classes for prospectors were established
by Government agencies, schools, and colleges throughout the world.
This was a step in the right direction and doubtless has resulted in
more intelligent prospecting than would otherwise be done, although
classroom instruction alone cannot engender the qualties so con
spicuously displayed by the early prospectors. Through long expe
rience and observation the old-timer often amassed a fund of informa
tion concerning the various minerals, their mode of occurrence, and
the rocks with which they are associated that gave rise to that intui
tive phenomenon popularly called "a nose for ore."

EQUIPMENT

The equipment required varies with the type of prospecting to be
done, the climatic and pllysical characteristics of the country, mode
of transportation, length of the campaign, and the funds available.
Gardner 6 has discussed and listed the usual requirements in the
western United States for traIlsportation, camps, tools, cooking,
provisions, clothing, and first-aid supplies. For the purpose of the
present discussion, it is sufficient to note that all these different types
of equipment and supplies must be considered.

MINING LAWS

Knowledge of Federal and State or Provincial laws relating to
locating, staking, and recording claims on public lands in the coun
tries and areas in which the prospector plans to work is essential.

6 Gardner, E. D., and Johnson, Fred W., Prospecting for Lode Gold and Locating Claims on the Public
Domain: BUI8au of Mines InL Cire. 68,1:) (revised), 1935, pp. 8-10.
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Obviously, prospecting on private lands can only be done with the
consent of and by arrangement with the owner. The reader is re
ferred to Bulletin 94 for a disc·ussion of the United States mining laws. 7

Reference is also made to Oircular 1278, United States DepartmeIlt of
the InteriorJ General Land Office. A summary of these laws as they
apply to location of lode claims is given in Information Oircular 6843
(revised).8 A summary of the placer-mining laws is given in Infor
mation Circular 6611R.9

The Bureau of Mines has issued a number of circulars summarizing
the mining laws of other countries.10

PLACER DEPOSITS

Prospecting for placer gold, except perhaps In the case of buried
placers, is the simplest form of prospecting.

Gold, platinum, and tin are the principal metallic minerals won
from placers, but gold (alloyed with varying percentages of silver)
is the only metal that has been recovered in commercially important
quantities from placers in the United States. The following brief
discussion applies to gold placers.

7 Thompson, J. ""V., United States Mining Statutes Annot9ted: Bureau of l\tfines Bull. 94,1915, ],772 pp.
I Gardner, E. D., and Johnson, Fred W., Prospecting for Lode Gold and Locating Olaims on the Public

Domain: Bureau of Mines Tnf. Oirc. 6843 (re'dRed), 1935, pp. 11-18.
9Johnson, Fred W., and Jackson, Ohas. F., Federal Placer-Mining Laws and Regulations, and 8malJ·

Scale Placer-Mining Methods: Bureau of J\1:ines In!. Oirc. 6611R, 1938,37 pp.
10 Garman, A. D., Mining Laws of Argentina: Bureau of Mines InL Oirc. 6251, 1930, 11 pp.
Frey, J. W., Mining Laws of Australia: Bureau of Mines In!. Oirc. 6334, 1930, 13 pp.
Youngman, E. P., Mining Laws of Austria: Bureau of Mines InL Oirc. 6535, 1931, 12 pp.
---Mining Laws of Belgium: Bureau of Mines In!. Oirc. 6278,1930,8 pp.
Garman, A. D., Mining Laws of Bolivia: Bureau of Mines In!. Oirc. 6140,1929, 16 pp.
---- J\tIining Laws of Brazil: Bureau of Mines In!. Oirc. 6298, 1930, 10 pp.
Frey, J. W., Mining Laws of British Africa: Bureau of J\;fines In!. Oire. 6105, 1929, 17 pp.
---- Mining Laws of British India: Bureau of Mines InL Oirc. 6104, 1929, 3 pp.
----- l\1ining Laws of Oanada: Bureau of Mines InL Oirc. 6346, 1930, 45 pp.
Garman, A. D., Mining Laws of Ohile: Bureau of Mines In!. Oirc. 6252, 1930, 6 pp.
Frey, J. W., Mining Laws of Ohina: Bureau of Mines InL Oirc. 6111, 1929, 6 pp.
Garman, A. D., Mining Laws of Colombia: Bureau of Mines InL Oirc. 6131, 1929, 7 pp.
Aitkens, 1., Mining Laws of Ouba: Bureau of Mines Int. Oirc. 6458, 1931, 11 pp.
Frey, J. W., l\fining Laws of Ozechoslovakia: Bureau of Mines In!. Oirc. 6103,1929,3 pp.
Youngman, E. P., Mining Laws of Denmark and Danish Possessions: Bureau of Mines In!. Oirc. 6631,

1932, 6 pp.
Aitkens, Irene, Mining Laws of the Dominican Republic: Bureau of Mines In!. Oirc. 6444, 1931, 8 pp.
Garman, A. D., Mining Laws of Ecuador: Bureau of Mines In!. Oire. 6272,1930,7 pp.
Youngman, E. P., Mining Laws of Egypt: Bureau of Mines In!. Oire. 6552, 1932, 16 pp.
---- Mining Laws of Ethiopia (Abyssinia): Bureau of Mines In!. Oire. 6536, 1931, 15 pp.
---- Mining Laws of French Morocco: Bureau of Mines In!. Oirc. 6266, 1930, 11 pp.
---- Mining Laws of Greece: Bureau of Mines In!. Circ. 6634, ]932, 9 pp.
Garman, A. D., Mining Laws of Guatemala: Bureau of Mines In!. Oire. 6184, ]929, 14 pp.
Youngman, E. P., J\1ining Laws of Haiti: Bureau of Mines In!. Oire. 6632, 1932, 10 pp.
Garman, A. D., Mining Laws of Honduras: Bureau of Mines In!. Oirc. 6214,1929,10 pp.
Youngman, E. P., Mining Laws of Hungary: Bureau of Mines In!. Oire. 6450,1931,7 pp.
----- Mining Laws of Italy: Bureau of l\1ines InL Cire. 6363, 1930, 3 pp.
Garman, A. D., Mining Laws of Japan: Bureau of Mines InL Circ. 6297, 1930, 9 pp.
Youngman, E. P., Mining Laws of Latvia: Bureau of Mines InL Cire. 6542,1932,5 pp.
---Mining Laws of the Republic of Liberia: Bureau at Mines In!. Circ. 6630,1932, 11 pp.
Frey, J. W., Mining Laws of the Federated Malay States: Bureau of Mines In!. Cire. 6181, 1929 5 pp.
Lineberger, P. M., Mining Laws of Mexico: Bureau of Mines Inl. Circ. 6182, 1929, 14 p'p.
Youngman, E. P., Mining Laws of the Netherland East Indies: Bureau of l\1ines InL Cire. 6451, 1931,

20 pp.
Frey, J. W., Mining Laws of New Zealand: Bureau of NEnes InL Cire. 6185,1929.4 pp.
Garman, A. D., Mining Laws of Nicaragua: Bureau of Mines InL Cire. 6302,1930,7 pp.
---- Mining Laws of Paraguay: Bureau of Mines In!. Circ. 6207, 1929, 5 pp.
Frey, J. W., Mining Laws of Persia: Bureau of Mines InL Cire. 6192, 1929,2 pp.
Garman, A. D., Mining Laws of Peru: Bureau of Mines InL Cire. 6216, 1929, 17 pp.
Youngman, E. P., Mining Laws of Poland: Bureau of Mines InL Circ. 6629,1932,7 pp.
Frey, J. W., Mining Laws of Portugal: Bureau of Mines InL Cire. 6197,1929,5 pp.
Youngman, E. P., Mining Laws of Rumania: Bureau of Mines InL Cire. 6213,1929,18 pp.
Garman, A. D.,Mining Laws of Salvador: Bureau of Mines InL Cire. 6336, 1930, 10 pp.
Youngman, E. P., Mining Laws of Spain: Bureau of Mines InL Circ. 6219, 1930, 16 pp.
Frey, J. W., Mining Laws of Trinidad: Bureau of Mines In!. Oire. 6332, 1930, 3 pp.
---- Mining Laws of Turkey: Bureau of Mines In!. Circ. 6188,1929,1 p.
Garman, A. D., ~Iining Laws of Uruguay: Bureau of Mines Inf. Cire. 6338,1930, 7 pp.
----- Mining Laws of Venezuela: Bureau of Mines InL Cire. 6210, 1929, 10 pp.
Tyler, P. M., Mining Laws of Yugoslavia: Bureau of Mines In!. Cire. 6183. 1929,6 1)T)·
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The most important type of placer deposit results from the weather
ing and disintegration of lodes and of rock forlnations containing gold
disseminated through them, the erosion and trallsportation of these
rocks by running water accompanied by further disintegration and
liberation of the gold from the enclosing rock minerals, and the con
centration of the gold in places \vhere tIle velocity of the transporting
medium (flowing water) is such that the gold and other heavy minerals
come to rest but the lighter aIld finer material is carried away.

Anotiler type of placer is the residual placer, consisting of disinte
grated gold-bearing lode material in or very near its original position
with only a relatively small amount of barren material removed by
erosion; in some of these a considerable part of the soluble constituents
may have been rellloved by chemical action, resulting in enrichment
by gold.

'rransported placers have been classified, upon the basis of their
present position relative to that of streams and other waters, by
Brooks 11 as follows:

Creek placers, beach placers, hillside placers, river-bar placers,
gravel-plain placers, sea-beach placers, ancient beach placers, and
lake-bed placers. The positions of the most productive types are
shown in figure 1.

Placers consist for the most part of unconsolidated alluvium,
rounded pebbles, and boulders; from the above brief discussion of their
origin it is apparent that prospecting for them should begin along
stream beds (existing or ancient) and bars, from which they may
extend to bellclles and llillsides.

Ancient placers sOInetimes have been buried under considerable
thicknesses of later glacial or strealIl deposits or lava flo"\\rs; in such
instances their discovery is more difficult.

For more conlprehen~ive discussions of prospecting for placer gold
the reader is referred to a fe\v of the more recent 12 publications dealing
with this subject; only the Inost inlportant principles are sunlnlarized
here.

Since placers are the, result of transportation and concentration of
gold particles by running waters, prospecting begins along streams.
The IllOSt favorable strcHIns are those originating in and flowing
through areas of igneous rocks, \vhich are the ehief source of lode gold.
If these rocks are kno\vn to contain gold the chances for the formation
of placers along streams flo\ving through thenl obviously are enhanced.
In actual prospecting, it 1110re often happens that gold is found first in
placers and the lode source of the gold is then sought, rather than the

11 Brooks, Alfred H., The :rvfineral Deposits of Alaska. Mineral Resources of Alaska, 1913: Geol. Survey
Bull. 592, 1914, pp. 25-32.

12 \Vimmler, Norman L., Placer-:rviining Methods and Oosts in Alaska: Bureau of Mines Bull. 259, 1927,
pp.31-40.

Johnson, Fred 'V., and Jackson, Ohas. F., Placer-Mining Laws and Regulations and Small-Sca.le Placer
l\fining :M'ethods: Bureau of Mines Inl. Oirc. 6611R, 1938, 37 pp.

Gardner, E. D., and Johnson, O. H., Placer "YIining in the Western United States. 1. General Informa
tion, Hand-Shoveling, and Ground-Sluicing: Bureau of Mines Inl. Oirc. 6786, 1934, pp. 23-46.

Vanderburg, \Villiam 0., Placer ~1ining in Nevada: Nevada State Bureau of Mines and Mackay School
of Mines, Bull. 4, vol. 30, May 1.5, 1936, pp. 29-34.

Ingersoll, Guy E., Hand Methods of Placpr IVIining and Placer-Mining Districts of Washington and
Oregon; State Oollege of Washington, IVlonthly Bull., vol. 14, No. 10, March 1932, 47 pp.

Staley, 'V. W., Elementary Methods of Placer :rviining: Idaho Bureau of Mines and Geology, Pamphlet
35, 11ay 1931, 20 pp.

von Bernewitz, M. W., Handbook for Prospectors: McGraw-Hill Book 00., New York, 3d ed., 1935,
372 pp.

'Vilson, Eldred D., and Tenney, J. B., Arizona Gold Placers and Placering: Univ. of Arizona Bull.,
vol. 3, No.1, Jan. 1, 1932, pp. 9-72.

Dingman, Oscar A., Placer-Mining Possibilities in Montana: Montana Bureau of Mines and Geology,
Mem. 5, June 1932,33 pp.
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reverse. It should be noted, however, tllat in many instances valua
ble placers have been found and vvorked \vithout finding the source
of their gold, and many rich gold lodes have been worked in areas
where no placers result from their erosion.

Placer gold, then, is usually first arid most easily found along streanlS
and their bars, even though the richest deposits nlay lie in benches or
on hillsides above. Since the h.eaviest particles of gold are deposited
nearest tlleir source in the host rock, prospectors should work upstream
from the original discovery, especially if the gold is fine. At some
point upstream the gold may disappear, and it is then apparent that
the source of tIle gold has been passed.

In prospecting along a stream, the prospector pans the gravel at
various points, selecting particularly places that show cOllcentrations
of heavy minerals ("black sands") with which placer gold is commonly
associated. These usually will be found on and just above bedrock
and in cracks and crevices therein. Depressions in the bedrock are

FIGURE I.-Types of placer deposits (after Geological Survey).

favorable places for concentration. Excavating may be necessary
to reach bedrock in the stream bed and its bars and along its banks.

In small-scale operations, prospecting and actual mining are often
concurrent operations, the gold being recovered by panning, rocking,
long toms, or small sluices. The gold pan is an indispensable part of
the prospector's equipment.

If gold is found in and along the stream beds and their bars, it may
be possible to trace it upstream and to old river benches above the
present channel; prospecting of these benches should not be neglected.

Exploration of large placer deposits witll a view to large-scale
operation will be touched upon later.

LODE DEPOSITS

Prospecting for lode deposits begins with a search for mineralized
outcrops, the key to the existence of which nlay often be found in
mineralized float (pieces of rock from the lode that have been loosened
by weathering and washed downhill).

Geologists now generally agree that most valuable mirleral deposits
have a magmatic origin and, therefore, that the most promisiIlg areas

141609°--39----2
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to prospect are in regions where intrusive igneous rocks are known to
occur. The deposits themselves mayor may not be in the igneous
rocks; often they are in the invaded rocks at or near their contact with
the intrusives. Another important fact to bear in mind is that ore
deposits have been localized where channels existed for the entry of
mineralizing solutions, and the rocks were of such nature or in such
condition that they provided an environment favorable to the recep
tion of these solutions and to the deposition of their contained min
erals. Readily soluble rocks and rocks in which zones of fracturing
have been developed are especially favorable. The latter condition is
most likely to exist where the rocks have been contorted considerably
by dynamic action, resulting in folding and faulting, and areas in
which these phenomena occur are more favorable than others. Before
elnbarking upon a prospecting campaign, it is ilnportant, then, to
procure copies of geologic maps of the region, if such are available, and
to study all reports on the kno\vn ore deposits so as to become familiar
with the "habit" of ore occurrence in the region.

The details of prospecting procedure will depend on various eondi
tions too numerous to be discussed in detail here. The work is
simplified in regions where there are abundant exposures of rock and
becomes more difficult where bedrock is covered with a thick soil,
mantle rock, or heavy vegetation.

In prospecting, areas of exposed rocks are quite naturally examined
first. Lodes frequently manifest themselves by their peculiar ef
fects on topography. Where the lode material is more resistant to
weathering and erosion than the surrounding country rock, the out
crop may stand up as an escarpment or ridge; and where the reverse
condition exists, the outcrop may be expressed as a depression in the
surrounding rocks.

In regions where weathering and oxidation take place at a faster
rate than erosion, which frequently obtains in arid regions, the
presence of mineralized lodes or bodies may be indicated by discolora
tion of the rocks. Since iron sulfides are commonly associated with
primary deposits of ores of gold and the base metals, particularly
copper, their oxidation products, red and yellow oxides of iron, often
impart their color to the outcrop. Likewise, red oxides and green
or blue carbonates of copper leave stains of characteristic color in the
outcrop.

The character of outcrops has been discussed in more detail by
Emmons. I3 For the purpose of tl..:is bulletin, it is suffieient to state
on this point that peculia,rities of topography or rock coloring, such
as those mentioned, should be investigat,ed when an area is prospected.

Since quartz and iron sulfides, or their oxidation derivatives, are,
broadly speaking, the most common gangue minerals of ore deposits,
quartz veins should be examined, especially if they contain oxidized
iron minerals. In outcrops the quartz is likely to be honeycolnbed,
owing to solution and removal of soluble minerals. particularly in metal
bearing lodes.

It oftens happens that outcrops of lodes are covered by soil and
loose rock, in which case their discovery is more difficult. In such
instances the first clue to the existence of a lode may be found in
"float." The prospector will examine pieces of loose rock, especially

13 Emmons, W. H., Outcrops of Ore Bodie::: Min. and Sci. Press, vol. 99, 1909, pp. 751-754, 784-787..
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those containing metallic minerals, and characteristic lode minerals,
the most common of which is quartz.

Since the float must have moved downhill from its source in the
lode, the prospector will work uphill from the point of his first dis
covery of float, searching for further similar indications. When he
reaches a height where float no longer occurs, he may assume that he
is over the lode or close to it.

In actual practice it is seldom as simple as this, and sometimes
there may be an abundance of float that. cannot be traced to its source
in the lode. In some instances the float may have been carried long
distances by glaciers or may be separa,tedfrom its source by a rapidly
cutting, intervening stream or by some other major change in topog
rap~y that occurred since the float was loosened, thus obscuring its
orIgIn.

Gardner 14 has emphasized tIle importance of panniIlg likely look
ing pieces of float in prospecting for lod e gold. Since gold is a stable
rnetal unaffected by ordinary solvents, it is more likely to be retained
in the rock until freed by nlech.anical wearing away of other minerals
than are most otller metallic constituents. Thus, if tIle float be
crushed, pulverized, and then panned, visible gold often will be found
if the rock is gold-bearing. Although the pan is partieularly ap
plicable to gold, it may often be used to advantage to detect the
presence of small amounts of other metallic minerals, most of which
aTe heavier than the common gangue minerals, especially if they exist
in the form of sulfides. As previously stated, the prospector must
be familiar with the different metallic minerals, their visual appearance,
and simple tests for their identification.

Having discovered the outcrop of a mineral-bearing lode either ex
posed on surface or revealed by trenching and test-pitting through
overburden, it is generally advisable to confine initial work to trac
ing its extension laterally by a series of trenches, test pits, and shallow
shafts. The latter should go deep enough to reach solid ledge
actually in place.

All exposures of the vein or lode should be sampled systematically
by methods discussed later in this bulletin, and a split of each sample
should be sent to a reliable assayer. A map or maps should be pre
pared showing the property lines, position of trenches and pits, posi
tion of the vein or lode and its width at places where it has been ex
posed, and the position and length of each sample together with its
assay value. Too often a record of tilis sort is not kept, to the later
regret of the p:r:ospector when he endeavors to obtain capital for more
comprehensive exploration and development of his property.

Before proceeding far with the work of proving his find, it is neces
sary, of course, to stake and record the claims and to comply with
all provisions of the law governing location of mining claims in the
country and State or Province in which the property is situated.

It is important that early work be confined as much as possible to
the lode; far too often in the past a long crosscut tunnel or a shaft
outside the lode has been driven or sunk to cut the projected lode at
greater depth before enough shallow work has been done to determine
its direction, dip, and general characteristics. If conditions are such
that it seems necessary to prove the lode at depth before determining

14 Gardner, E. D., and Johnson, Fred W., Prospecting for Lode Gold, and Locating Claims on the Public
Domain: Bureau of Mines InL Circ. 6843, revised, 1935, 18 pp.
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its persistence laterally, it is best in almost all instances to do this by
means of a shaft or incline in the lode, following its irregularities,
since all \vork done then gives additional essential information. The
prospector ordinarily is not equipped financially to explore his find to
the extent necessary to actually "block out" ore; it is doubly impor
tant, therefore, that every dollar spent bring a maximum return in
the form of information regarding the deposit-its width, persistence
along the strike and on the dip, and assay value.

REPORTING ON PROSPECTS

Usually it is necessary for the prospector to obtain financial assist
ance for further exploratory work before his property can be brought
favorably to the attention of exploration and mining companies whose
business it is to develop and operate mines. More often than not,
such companies, the la,rger ones especially, are interested only in
properties where ore is actually proved, and they will not go to the
expense of an exaillination of a "raw" prospect.

This situation often leaves a gap between the preliminary work of
the prospector who lllakes a discovery and does only the small amount
of work upon it that can be done with his own hands or his o\Vll
meager capital, and the work of the development company.

This gap frequently is filled by 'York paid for with funds supplied
by local merchants and professional men or by a small syndicate,
whose aim it is to block out enough ore to warrant forming an oper
ating cornpany or to interest the larger companies in exploitation of
the property.

'rhere are probably many instances in which examination of pros
pects of merit has been refused because of failure of the prospector to
present esserltial facts.

Capital is risked in mining ventures to make a profit from operation.
(This bulletin deals only \vith legitimate mine exploitation and not
with promotional ventures, the lllain object of which is to make a
profit from the sale of stock.) Hence, the first consideration is ore,
if ore be defined as a body of mineral of such grade arld occurring in
such quantities that under the physical conditions affecting the cost
of operation and in the locality in which it occurs it can be mined and
sold at a profit.

Therefore, any report, to arouse the interest of mining capital, must
present facts that indicate the existence of ore or the likelihood of its
existence. 11isrepresentation of facts by the prospector will not profit
him, since such lllisrepresentation will only lead to condemnation of
his property by an examining engin.eer who may be led to visit it;
and this, in turn, might easily make it impossible to obtain a later
examination. Furthermore, misrepreselltation in a report can often
be detected by an engineer because of the very means employed to
cover the real facts.

If the prospector can afford to employ a reliable engineer to exanline
arId report on his property~ it is advisable to do so. Even though
this engineer lllay be unable, because of the amount of work done, to
make a favorable report, he m~ty be able to indicate the best procedure
for the prospector to follow in order to explore his ground further.
In selecting the engineer, it is advantageous to employ one who is not
only able and reliable but who also has the confidence of mining capital.



PROSPECTING AND EXPLORATION 11

If unable to employ such an engineer, the prospector himself may
be able to prepare a satisfactory report, if he will bear in mind tIle
esselltials. The importance of a map and the information tllat should
be placed upon it have been mentioned already. To this should also
be added any information the prospector can give concerning the min
eralogy of the lode; the kind and condition of the wall rocks; rela
tionship to intrusive rocks; structural features such as folding, shear
ing, and faulting; and surface weathering. There should also be given
information on factors that would affect operating costs in the dis
trict, such as mode and cost of transportation to and from the prop
erty, climate, topography, vegetation, fuel and water supply, availa
bility and type of labor, and other local conditons. Self-deception is
a real hazard to a man preparing a report on his own property, and its
possibility must be recognized and forestalled.

If ore is actually blocked out the prospector may include an esti
nlate of its tonnage and grade; but if maps (in some instances cross
sections also may be necessary) are included showing tIle essential
facts as previously outlined, tIle examining engineer can and will make
his own deductions regarding ore blocked out.

The essentials for a preliminary report have been discussed in more
detail by Wright. 15

EXPLORATION

Assumillg that prospecting operations and preliminary exploration
have revealed the existence of a lode or body of ore-grade material
under geological conditions favorable for extensive deposition of ore
and that money has been provided for a more thorough exploration
program, the procedure to be followed will then depend upon a number
of things, some of which already may have been partly determined
by the preliminary work.

Thus, the type of deposit, its shape and dip, its relation to the
surface topography, and the nature of the topography, and the cllar
acter and condition of the lode and wall rocks are important considera
tions. The amount of money available for exploration, physical
aspects of the property, accessibility for men and supplies, and fuel
and water supply also may influence the procedure.

To direct exploration intelligently, careful records should be kept of
results obtained, especially of all geological information, as the work
progresses, in order that each step may be guided by the information
obtained earlier. It is of great advantage to be able to obtain prompt
assay returns on samples, and, except for small-scale operations within
easy reach of a commercial assay office, it is advisable to have a labora
tory and assay equipment on the job.

As in prospecting work, all ore exposures and mineralized material
should be sampled and assayed systematically as the work progresses.

The object of an exploratory campaign may vary from one designed
merely to prove enough ore to warrant starting a productive operation
on a small scale 'to one aimed at determining approximately the total
amount and grade of ore available as a basis for planning large-scale
mining operations. In general, the former is applicable to relatively
small high-grade deposits, whereas the latter applies to large deposits
of low- or medium-grade material, including large low-grade placers.

15 Wright, Oharles Will, Essentials for a Preliminary Report on a Small Lode-Gold Mine or Prospect
With Notes on Sampling; Bure~u Of Mjn~s IpJ, eire. 6748, 1933, 12 pp.
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PLACER DEPOSITS

Although placer deposits are comparatively simple from a geological
standpoint, accurate sampling and interpretation of sampling results
are often difficult. Erroneous conclusions often have resulted from
incomplete, illaccurate, or poorly interpreted samplillg and have led
to unprofitable operations.

Placer deposits are commonly explored by means of test pits or
small shafts, by drifts, or by drilling. Drifts may be. employed when
the pay gravel is cOllcentrated within a few feet of bedrock, is covered
by thick overburden, or is exposed along the face of a baIlk or cut.
Test pitting and drilling are the methods most generally employed,
expecially ,vhere the deposit must be sampled from surface to bedrock
or to the pay horizon, either because the method of mining proposed
involves llandling all of the gravel or because the gold occurs through
out the entire depth.

Where test pits can be employed they are satisfactory because of
the large samples obtaiIled and the opportunity to see the gravel as it
occurs in the bank. Where a large volume of water is met in sinking
this method becomes impracticable, not only because of the difficulty
alld cost of sinking but because the samples are salted by material
that caves or washes in from the sides of the pit.

The drilling method employed is the drive-pipe method. Briefly,
this method involves driving a pipe or casiIlg into the gravel to a
measured depth, removing the material iIlside the pipe (which con
stitutes a sectional sample of the material over that depth), driving
again, and removing the material for another sample, and so on.
Sornetimes the material in the pipe may be loose enough so that it
may be rernoved by simple bailing, but in other instances it may
hnve to be broken up first by drilling inside the pipe with a churn drill.

However the samples mny be obtained-by test pits, drifts, or
drilling--the gold is washed from each snmple by panning or rocking
nnd is weighed. From the known or calculated volume of mnterial
in place, represented by the sample, and the weight of gold recovered
from the sample, the weight and value per cubic yard may be estimated.
Assays of the samples are not made (except, perhaps, occasionally as
a check to determine the proportion of total gold in the sample
recoverable by washing), and the gold actually recovered is used as a
basis for estimating the value per cubic yard of the deposit.

It is not always a simple matter to determine accurately the
amount of material in place represellted by the sample or to be sure
that salting or dilution has not taken place.

As in other types of deposits, large samples are more likely to be
representative than small ones, and for this reason accuracy may often
be improved by washing all the material excavated from test pits,
shafts, or drifts rather than srnaller samples cut from the sides.
When such large samples are employed, a rocker ordinarily is used for
washing, final clean-up beirlg made with a pan.

Careful consideration should be given to the arrarlgement and
spacing of test holes, which should depend on the characteristics of
the deposit in each instance. In the case of channel deposits, long
in one dimension and short in the other, it is customary to drill rows
of holes across the channel normal to the long dimen.sioI1, with the
rows spaced at regular intervals. For blanket deposits, broad in
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both dimensions, the holes should be spaced at the corners of equal
squares, checkerboard fashion.

The distance between rows and the holes in the rows in channel
deposits and likewise the size of the squares in blanket deposits will
depend on the continuity of the pay gravel and its degree of uni
formity in grade. Several channel deposits have been drilled with
holes 150 feet apart in rows 1,000 to 1,500 feet apart. 16 This distance
between rows would seem to be too .great for erratic deposits.

Engineers of the Reconstruction Finance Corporation, which has
granted loans for dredging operations in the western United States,
like to have drill holes in Ilarrow deposits not more than 100 feet
apart in rows not more than 1,000 feet apart and in bench or blanket
deposits on coordinates not less thaIl 400 feet .apart.

The best engineering practice probably would be to space the first
lloles or shafts at about these maximums, witil later check-holes
between, spaced as indicated to be necessary by the distribution of
the gold and the shape of the deposit as shown by the earlier lloles.

Tests should be carried down to alld into bedrock a short distance,
since coarse gold is often concentrated in crevices that commonly
occur in tIle top of the bedrock.

TIle formula for calculating the value per cubic yard represented
by each drill sample is as follows:

~~~X27=theoretical value per cubic yard

where,
27=cubic feet in a cubic yard,
C=value of gold in cents per Inilligraln,17
A=area of drive shoe, square feet,
D = length of sample in feet,
M = milligrams of gold recovered fronl sample.

The average value for each hole is obtained by averaging the values
of the individual samples, weighted when not representing equal
yardages; and the aVierage for tIle entire deposit likewise is determined
according to nlathematical principles by averaging the weighted
values of all the holes. The yardage is determined from the depths
of the holes and the areas that each represents. In combining the
values and estimating the yardages, experience and good judgment
are required. The estimator must consider the type of the deposit,
the distribution of the gold, and the method of mining to be employed
and its limitations ,,~ith respect to the degree to which sample recov
eries can be duplicated in actual milling practice. He will have to
make allowances dictated by his judgment. and experience.

Table 1 gives a comparison of estimates based on drive-pipe samples
with actual dredge recovery.

16 Gardner, Walter H., Prospecting for Placer Gold with the Keystone Drill; Drilling for Placer Gold:
Keystone Driller 00., Beaver Falls, Pa., undated, PP. 9-87.

17 This value will depend on the fineness of the gold as determined by assay; for gold 850 fine, this is 0.06
cent with the price of gold $20.67 per ounce, or about 0.097 cent with gold at $35 per ounce.
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T ARLJ;J 1.---C01nparz"son of estimates based on drive-p'ipe samples and actual dredge
recovery 1

Recov
ery, per

centEstimate Dredge
from recovery

samples

Area
factor
used

Siz('
of

shoe,
inches,

Acre
age
per
hole

Aver
age

depth,
feet

Area,
acres,Example

__________1 2_1__3_1_4
__ L___ 5 _

I I I
I Value, per cubic

yard, cents

----------------I-----i------'----j---··--- ----- ------------

Oregon 2_____________________ 121. 0 18.0 2. 4 7~~ 0.3333
California___________________ 118.5 (?) 3.1 7H. 3068(?)
California A_________________ 173..5 22.5 3. 2 7~'2. 27
California B_________________ 84.0 44.5 4. 2 7~~. 27
California CL 183.0 51.8 1.5 7~2 .30
California C2______________ 106.0 60.6 2. 6 7~2. 30

::::iliji:g~3:~ ::::~~:~:~ ~:! 1~~~~f -~~: ~ -1- --;~ ~- :>7": :_:30;;;~_
~~~:~~~~~~~~~~~~~~~~~~~~~~~II ~66:~ 1---40.- 0-1-- 3.9 7~~ .30
Cahfornla 559.0 22.5 1.0 '~~ .27

Do 1420.,5 35.9 2.9 '~'2 .27

16.8 15.63 93.0
29.88 31. 55 105.6
6.8 7.82 115.0
5.9 6.70 113.0

11. 1 9.64 87.0
11. 2 9.44 84.0
11. 6 11. 30 97.0
9.48 9.12 96.2

10.39 10.64 102.4
9.69 9.22 95.2

10.69 14.34 134.0
10.25 11.39 111.1
15.83 13.55 85.6
7.58 9.61 126.7
7.2.5 8.18 112.9

1 Data taken from Drilling Results and Dredging Returns. by Charles W. Gardnf'r: Eng. and Min.
Jour., vol. 112, Xo. 17. Oct. 2:2, 1921, pp. ()4()-649, et seq.

2 Area dividpd into 8 hlocks. Valtu's 6stimatcd for individual blocks gave much wider variations from
actual dredge fe-covery than the average, ranging from 49.4 percent in excess of the estimate to 68.2 percent
less than the estimate. ~fethod of calculation: Cross sections on lines of holes.

'I'he exploring and sarnpling of placer deposits have been discussed
in a nunlber of technical articles, to several of which the reader is
referred. 18

The cost of sanlpling placer deposits and even the cost per foot of
test pitting and drilling varies "'ithin \vide limits. The cost per cubic
yard of gravel tested \yill depend on the thoroughness of the job, the
nunlber of cubic yards tested per foot of test pit or drill hole, the cost
per foot of test pitting and drilling, and the depth of the gravel.

The cost per foot of test pitting or drilling will depend on the loca
tion, the characteristics of the gravel, the size and distribution of
boulders, presence or absence of water, degree of consolidation or
cementation, and other physical conditions.

Table 2 presents a f8\V typical sampling costs.
18 Janin, Charles, Gold Dredging in the United States: Bureau of Mines Bull. 127, 1918, 226 pp.

"Vimmler, Norman L., Placer-Mining Methods and Costs in Alaska: Bureau of Mines Bull. 259,1927,
236 pp.

Jackson, Chas. F., and Knaebel, John B., Sampling and :Estimation of Ore Deposits: Bureau of Mines
Bul. 356, 1932, pp. 6-12.

Gardner, E. D., and Johnson, C. H., Placer Mining in the Western United States. Pt.1. General Infor
mation, Hand-Shoveling, and Ground-Sluicing: Bureau of Mines lnL Circ. 6786, 1934, pp. 23-46.

Vanderburg, W.O., Placer ~1ining in Nevada: Nevada State Bureau of Mines and Mackay School of
Mines, Bull. 4, vol. 30, l\'1ay 15, 1936, pp. 29-34.

Gardner, vValter H., Prospecting for Placer Gold with the Keystone Drill: Drilling for Placer Gold:
Keystone Driller Co., Beaver Falls, Pa., undated, pp. 11-40.

Stines, Norman C., The Prospecting and Valuing of Dredging Ground: Min. and Sci. Press, Feb. 10.
1906, p. 90.

Steffa, Don, Gold 1'1ining and Milling Methods and Costs at the Vallecito \Vestern Drift Mine, Angms
Camp, Calif.: Bureau of NIines Inf. Circ. 6612, 1932, pp. 5-5.

Patmon, Charles G., 11ethods and Costs of Dredging Auriferous Gravels at Lancha Plana, Amador
County, Calif.: Bureau of Mines Inf. Cire. 6659, 1932, p. 3.

Requa, Lawrence K., Description of the Property and Operations at the Lewiston Dredge, Lewiston,
Calif.: Bureau of l\'1ines Inf. Circ. 6660, 1932, pp. 3-5.

Ross, Charles L., and Gardner, E. D., Placer-Mining Methods of E. T. Fisher Co .. Atlantic City, \Vyo.:
Bureau of J'vfines InL eire. 6846, 1935, pp. 2-3.

Sawyer, Dwight L., Sampling a Gold Placer: Eng. and Min. Jour., July 1932, pp. 381-383.
Avery, William W., Computing Drill-Hole Data in Placer Prospecting: Eng. and Min. Jour., vol. 129,

No. 10, May 1930, pp. 493-495.
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TABLE 2.-Typical placer-sampling costs

Average Oost perdepth, footfeet

68.0 2$2.98
86.7 23.665
19.5 2 2.31

13.7 3 3.46
16.9 49.85

3.5 (5)
35.0 61.00

50.0 7.50

50-60 2.87
50 2.50

24.3 23.50

21. 8 I 01.00

35-40 27.23

12.0 12 3.00-6.00

134.0 76.11

30-50 73.50

40-50 2.00
90 8.00

5-14 1. 75
5-6 .65

14-17 4.00

16-18 3.00

80 6.00

20-22 2.50

100 8.00

25 .35

Oharacter of depositISampling methodLocation and year

Arizona 11_ . Shafts, 3~'2 by 5H feet,
cribbed.

Angels Camp, Oalif)3 Gasoline-driven drilL 40 to 50 feet rhyolite cap-
ping; cobble and com
pressed gravel.

Frozen gravel and muck--Narlie, Alaska 14___________ Shafts and pits untim
bered, 3}2 by 3~2 feet.

DO.14 do_ - _
Do.l4 Shafts timbered, 4 by 5 Partly frozen gravel and

feet. muck.
Ophir Creek, Alaska 14 Pits 3 by 6, untimbered__ Not frozen _
KongarohRiver, Alaska 14_ Pits, untimbered Frozen gravel and muck__
Otter Creek, Alaska 14 Pits, 3~2 feet diameter, Frozen graveL _

untimbered.
Willow Creek, Alaska 14_ _ Pits, 3H feet diameter, Frozen muck and graveL_

untimbered.
Ruby district, Alaska 14__ _ Shafts, 4 by 6feet, untim- do _

bered.
Fairbanks district 14_______ Shafts, 5 by 7 feet, top, 5 Partly frozen muck and

feet, timbered. gravel.
Do.l4__________________ Shafts, 4 by 7 feet, top, 20 Frozen gravel and muck-_

feet, timbered.
California,1931-32 Rotary drill, 2~'2 feet Dry graveL ;

diameter.

Folsom, Calif., 1931 Gasoline-driven drilL j. Gravel with much clay _

~~~1~~~2~;~g.~;~~~=-iol=== -Stea~~ri;'endriif_-_-~~=== -I;OO~eO-gra~-el~-i6--perce~t-
soil.

Salmon, Idaho, 1906 1 Shafts, untinlbered Shallow graveL _
Snelling, Calif., 1931-32 1__ Shafts, caissons J Loose gravel, 20 percent

I soil, lnuch water.
Skull Valley, Ariz., 1932 1_ Shafts, 2 by 3 to 4 feeL _
Montana 1 Shafts,4by4feetand4~'2 Moderately fine gravel,

feet circular. stood well.
Do 1 Gasoline-driven drilL 3 feet of gravel covered

with black mUd.

g~~~1~~'d~~t3t9~2-C-- ~ == _~~~l~o-_-_-================= _~~~~~~~:~-_-_===============
Dawson, Yukon, 1907 Shafts, no timbef- 71 percent frozen muck, 29

I
percent frozen gravel.

Amador County, Calif., Gasoline-driven drilL ____ 40 percent sand, 40 percent
1928-29.8 I gravel, 20 percent loam

and clay.
Lewiston, Calif., 1928 10 ___ Steam-driven drilL ____ __ Easy digging, few large

boulders, some clay.
Many large boulders _

1 Gardner, E. D., and Johnson, C. H., Placer Mining in the Western United States. Part 1. General
[nformation, Hand-Shoveling, and Ground-Sluicing: Bureau of Mines Inf. Oirc. 6786, 1934, pp. 26-39.

2Including sinking and panning.
3 Sinking $2.01, sampling $1.45.
4Sinking $7.48, sampling $2.37.
5 $0.65 per cubic yard excavated; Mexican labor, $3..50 per day.
6 Sinking only, on contract, long hours; $3.50 per day earned.
7Drilling only.
8 Patmon, Oharles G., Methods and Oosts of Dredging Auriferous Gravels at Lancha Plana, Amador

Jounty, Calif.: Bureau of Mines Inf. Circ. 6659~ 1932, p. 3.
9 Approximate cost of drilling only.
10 Requa, Lawrence R., Description of the Property and Operations at the Lewiston Dredge, Lewiston,

Calif.: Bureau of Mines Inf. Oirc. 6660, 1932, PP. 3-6.
11 Sawyer, Dwight L., Sampling a Gold Placer: Eng. and Min. Jour., July 1932, pp. 381-383.
12 Labor only.
13 Steffa, Don, Gold Mining and Milling Methods and Costs at the Vallecito Western Drift Mine, Angels

Camp, Calif.: Bureau of Mines Inf. Circ. 6612, 1932, pp. 5-6.
14 Wimmler, Norman L., Placer-Mining Methods and Oosts in Alaska: Bureau of Mines Bull. 259, 1927,

p.35.

LODE DEPOSITS

The primary object of exploring rnirleral deposits in the sense that
the term "exploration" is used in this bulletin is to prove up ore
following the discovery of a lode or of material of ore grade. Hence,
exploration is concerned primarily with ascertaining tonnages and
grades of ore, which involves locating ore shoots and determination
of their size by exposing the ore in mine workings or in drill holes,
and procuring for analysis samples from the exposures thus made.
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These data are employed by the engineer or geologist in estimating
reserves.

TIle normal sequence of exploration, mine development, and mining
or ore extraction is seldom, if ever, a series of disconnected operations,
but rather of overlapping ones-overlapping in the sense that explora
tion usually continues with varying intensity during development and
mining, and some development, at least, continues until the ore deposit
is nearly work~ed out.

Thus: in operating mines, exploration for extensions of known ore
bodies, both laterally and at greater depth, and the search for "blind"
lodes in the walls of those being worked is continued with a view to
finding new ore bodies to supplement those being extracted and so
prolong the profitable life of the enterprise. In such work, as well
as in exploration of virgin areas, experience, a high type of trained
intelligence, and k.nowledge of the habits of ore deposits are necessary
for the direction of the work if the best results are to be obtained at
minimum cost.

The best method of exploration in any given instance will depend
on a number of factors, such as position of the lode with respect to
surface topography; its shape, size, and dip; the relation of ore shoots
to structural forms or to certain types of rocks; and other geological
features. Many of these may not be known at the outset. The
picture gradually unfolds as work progresses, revealing basic relations
that guide further exploration.

Exploration may be conducted from the surface, from underground
workings, or both, depending on local conditions. In unexplored areas
where ore outcrops have been found, preliminary exploratory work
may be confined to surface trenching, test-pitting, or, where the topog
raphy is favorable, to adits driven on the lode.

Often, however, valuable ore deposits do not outcrop, and there
may be no surface indication of ore below, aside from structural and
other geological conditions under which ore deposits have been found
previously in tIle same geIleral region. Under such conditions, dia
mond or churn drilling often has been employed to probe for possible
blind ore bodies. Thus, in the Kansas-Oklahoma section of the
Tri-State lead and zinc district, there were no surface indications of
ore whatever where most of the largest productive nlines were de
veloped. They were found by widening the field of exploration around
earlier discoveries made in the Southwestern Missouri district where
the ore had been exposed by erosion of the overlying rocks. Subse
queJltly, the relationship of the ore bodies to zones of shearing, shat
tering, and brecciation was worked out and served as a guide to further
exploration in the area. 19

In active mining districts, important discoveries have been made
from time to time adjacent to productive Inines in areas 10Ilg considered
unpromising. Thus, the rich silver ores of the Silver Belt, formerly
known as the Dry Belt, in the Coeur d'Alene district were developed
in an area close to large productive mines, which was long considered
unfavorable; the rejuvenation of the Idaho-Maryland mine, abandoned
for years, was brought about by finding important vein extensions
close to the old workiIlgs; the southeastern part of Tintic district in
Utah, now the most productive part of the district, was long considered

tQ Fowler, George M., and Lyden, Joseph P., The Ore Deposits of the Tri-State District (Missouri..
Kansas-Oklahoma): Trans. Am. Inst. Min. and Met. Eng., vol. 102, 1932, pp. 206-251.
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unpromising; many other examples might be cited. In large ore
producing districts favorable areas for exploration are often along
extensions of the controlling formations or geological structures,
similar parallel zones, or where the geological conditions are similar
to those of the known deposits. The same may be said of more
restricted areas in individual mines.

Where the geology is especially complex, it is sometimes impossible
to class any ground as barren until so proved by actual exploration.
In other districts, llowever, long experience and much exploratory
work have establislled the fact that the ores are restricted to certain
kinds of rocks or to certain definite and well-defined structures. It
is tllerefore obvious tllat a knowledge of geology and of conditions
iIlfluencing ore deposition is invaluable in conducting an exploratory
campaign.

Exploration Blay be by excavation (trenches, pits, adits, shafts,
drifts, crosscuts, and raises), by drilling, or by both. In recent years
geophysical Inethods llave been employed to furnish additioIlal criteria
upon which to base interpretation of other geological evidence. As
progress is made in th.e science of geophysics, it doubtless will be used
more and more in exploratory work.

Summaries of exploration methods and costs in many different
districts and mines have been presented in earlier Bureau of Mines
bulletins.20

Details of practices at individual mines are given in the various
information circulars comprising the series on mining methods and
costs, many of which are cited in the above bulletins.

EXPLORATORY WORKINGS

It has been stated already that in prospecting, work should be
confined as much as possible to the vein or ore body with a view to
obtaining the maximum amount of information about it at a nlinimum
cost. This applies also to exploratory workings, especially in the
earlier stages before the existence of enough ore to justify mining
operations or the continuity of the ore bodies has been demonstrated.
Too often long crosscuts have been started, designed to tap anticipated
downward extensions of a vein exposed at surface, only to find that
the ore was not where expected, whether because of petering out,
faulting, or change in direction or dip.

If considerable is already known about the boundaries of the ore,
exploratory workings may be planned with a view to th.eir utility
and adequacy for future use durin.g the productive period of the
enterprise. Sometimes, however, it is possible to give too much weight
to future usefulness of exploratory openings, particularly if it h.as not
yet been demonstrated that deposits of economic importance are
present. It may be advisable, then, to ignore the future usefulness
of these openings and locate them to obtain maximum information
at minimum cost, even though it may mean that for efficient mine
operation new shafts, adits, and other main openings will have to be

20 Jackson, Ohas. F., and Knaebel, John B., Sampling and Estimation of Ore Deposits: Bureau of Mines
Bull. 356, 1932, 155 pp.

Jackson, Ohas. F., and Knaebel, John B., Gold Mining and Milling in the United States and Oanada,
Current Practices and Costs: Bureau of Mines Bull. 363, 1932, pp. 38-50.

Jackson, Ohas. F., Knaebel, John B., and Wright, C. A., Lead and Zinc Mining and Milling in the
United States; Current Practices and Oosts: Bureau of Mines Bull. 381, 1935, pp. 47-79. .

Gardner, E. D., Johnson, C. H., and Butler, B. S., Oopper Mining in North America: Bureau of MInes
Bull. 405, 1938, 300 pp.
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excavat.ed later on at considerable cost. Thus, an inclined shaft
may serve to develop a deposit dipping at a low angle much more
quickly and at much less cost than a vertical shaft, although a vertical
shaft might be better adapted to operating purposes later when the
mine enters production.

Therefore, an engineer who employs an inclined shaft in the vein
or other main entra,nee for exploratory purposes, poorly planned from
an operating viewpoint, should not necessarily be criticized if a mine is
proved up and these openings have to be replaced later by others
better suited to an operating property. However, in a producing
mine or partly developed property, exploration 'York should be done
with n view to utili~ing it Inter for developlllent und production to
save duplication of expenditures.

'rhe eost per foot of explorntory \vork at an uIHleveloped property
is generally at least twice as lunch as nt producing nlines, for several
reasons. In the first place, supervision, shop, ealnp lnaintenance
alld operation, other general charges, plunping, hoisting, power, etc..,
are all chargeable to the exploratory \vorkings instead of being prorated
between production, explorntion, aIld developnlent, as at an operating
llliIle. Furthermore, exploration work often is conducted in localities
where transportation nnd power costs are high and wllere liviIlg
quarters must be provided and maintained, all of which add materially
to unit costs. .

Table 3 presents data on costs of transporting men, equipIl1;ent,
supplies, and ore in a number of mining districts, and figure 2 shows
costs of trucking ore plotted against length of hau1. 21 The transporta
tion of equipment and supplies constitutes a somewhat different
problem from that of transporting ore, but the latter is indicative of
the variations in costs in different localities and under different condi
tions and should approximate the costs of the former. Table 4,
taken from Gardner,22 gives some costs of packing ore in the Western
States and Canada.

Table 5 presents SOllle typical costs of exploratory workings (shafts,
drifts, crosscuts, and raises).

EXPLORA TION BY DRILLING

Drilling is employed extensively, either as the principal exploratory
method or to supplement exploration by underground and surface
workings. Three principal types of drills are employed for this
purpose-churn drills, core drills, and hammer drills. In ground too
soft to core and in which a churn drill would stick, a rotary drill with
a fish...tail bit is useful for obtaining sludge samples.

In churn drilling, a string of tools with a cutting bit at the lower
end is suspended from a rope or cable and is alternately raised and
dropped by hand or power-driven mechanism, choppillg a hole in the
rock. Water is used in the hole during drilling, and the cuttings are
removed with a bailer, usually at regular intervals of about 5 or 10
feet of hole. These cuttings constitute salnples of the material passed
through and may be examined mineralogically and assayed.

21 Gardner, E. D., Costs of Trucking and Packing Ore in \Yestern Gold·l\1ining Districts: Bureau of
Mines Inl. Circ. 6898, 1936, 17 pp.

22 See footnote 21.
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TABLE 3.-Costs of transportation of men, equipment, supplies, and ore ~o

District Year Mode of transportation Length of one-way trip, miles
Total

Cargo

Per trip

I

I Cost per I Cost per
ton ton-mile

Matach~wan,Ontario 5 1193°.=-311 Tractor, teams,.andsleighs 142_ -- -- 1700 tons _

~~:5~~~~~~~===============~ ~ ~~~L~~ Ir~~~~:-~~~!~~~~-s--~~= ======= =~~. j~+ ~ ~= ============== == ====== == ~54i~~~~~~ -_ ~ ~ ~ ~= ============== ~ ~ I 1,150 pounds,
maximum.

K9n~;~:~o~t:he~n:~~~~d~:I::~ ~ -.1 ;~~ _;~:;;::~~;~~~~hS: ~:::;:;;:;; .:I ~;::.:.:.;.:: ••••••••;•••;:: •• 1_ :::::;.~~~~~::~~ : ~:~~: :~ea~Y:I.:~o:~~:ounds_

- -: 1931-32 1_ - - - - do--__ - - -_- - -- - - - - - - I

1930 Teams_ _ _____ _ _ 14 (rough corduroy road for Supplies --- -- ----------- _1 1

11 miles).
1932 Water route, one short portage 27 ____________________________ _ __ do _

$84.91 I 2$0. 708

3 O. 045 .900
485

645 21. 07
627 2.64

3.06 23.75
~

71O ----------
tz:j
H

140 1. 16 ~30.12 I

25 ~
!--oj

7-slo. 26-0. 30
~
!--oj

~
6.50 I 9.26 0
3.00 .04

I-d
620.00 .28 ~0.75 .05 a4.00 .11 H62.00 .22 !--oj

4.00 .13 a
t;rj

62.00 .33
63.85 .15
61. 00 .25
62.50 .10

5.50 .11
2.00 .19
1. 50 .16

62.00 .11
61.75 .14
62.00 .138

4.00 .174

___________________________ I Passenger -- .. - -- - - - -- - - -- - - - - - - - - 1- - - - - - - - - - - - - - - - I

If:~:~~ea-~~-sl~~gh-S--~========== =~ I ~~~+=~ ~ =~ =~ === == == == == ==== ~ ~ ==I ~:ri:6a~~~f~~~st-uffS~ ======= == ==1= ===== ==== == ====I

Tractorsandsleighs_ ____ _ 25 -_________________ __ Suppliesinandconcentratesout 112 tons _
'Vater route (harges) _ _ _ 75 do__ . 30 tons _

Motortruck 70 (dirt roadway) Supplies .. ___ _ _
____ do 15 Concentrates and supplies 3 to 4 tons _
____ do_ __________________________ 35 . do . _
_. __ do 9_ __ ___ __ Ore . _
__ ._ .. do_____ 30 do _

_ do_____ _ 6. do. _
_ do__________________________ _ 26 do _
_ do_____ __ ___ 4 do _
_ do_________________ __ __ 25 do_. _
_ do_________________ _ __ 50 do _
_ .do . ___ 10~2 do _
_ do_________________ ____ 9~2- do .. _
___._.do_____ 18_ ____ __ _____ Ore and supplies _
_ do_________________ ___ __ __ 12~~_ _ __ ____ Ore .. _
_ do_____ __ __ 14~2 do _
_ do___________ ___ __ __ 23 .. do _

1935
1935
1934
1934
1934
1934
1934
1936
1936
1936
1936

Ontario

Pat~~(~~~~~_e_r~~~~~~~~~==~==I l~~~

Sacramento, Nev)2 _
Seven Troughs, Nev.12 _
Eureka, Nev _
Tonopah, Nev _
Manhattan, Nev _
Copper Basin, Nev _

Du _
Argenta, MonL _
Bleuming, MonL _
Black Canyon, Ariz.l3 _
Peck, Ariz.l3 _

Quebec__ ___ __ 1935
Do_ ____ _ ___ 1935

Jarbidge, Nev)O________________ 1931
Black Canyon, Ariz.t1__________ 1931
Farrel, Nev. 12 __________________ 1935
Rosebud, Nev. 12 ________________ 1935

DO.12_ 1935



1 Keast, A. J., and Jackson, Chas. F., Method and Cost of Exploring, Equipping for
Development, and Developing the Central Patricia Group of Claims, Northern Ontario:
Bureau of Mines Inf. Circ. 6681, 1933, 13 pp.

2 Per ton-mile in-bound; no credit for small return loads.
3Per pound.
4 Per round trip. A few years later, rates were lower.
5 Emens, W. H., and Jackson, Chas. F., Methods and Costs of Developing and Equip

ping the Ashley Gold Mine, Matachewan Gold District, Ontario: Bureau of Mines
In!. Circ. 6707,1933,28 pp.

6 Contract price.
7 Each one way.
8 Jackson, Chas. F., Some Notes on Methods and Costs of Equipping and Developing

Prospects: Bureau of Mines Inf. Circ. 6693, 1933, 24 pp.

9 Load out and load in each trip.
10 Park, John Furness, Mining Practices, Methods, and Costs at Elkoro Mines, Jar

bidge, Nev.: Bureau of Mines Inf. Circ.6543, 1931, 12pp.
11 Minton, David C., Jr., Cost of Equipping and Developing a Small Gold Mine in the

Bradshaw Mountains Quadrangle, Yavapai County, Ariz.: Bureau of Mines Inf. Circ;
6735, 1933, 10 pp.

12 Vanderburg, William 0., Reconnaissance of Mining Districts in Pershing County,
Nev.: Bureau of Mines Inf. Circ. 6902,1936,57 pp.

13 Guiteras, Jos. R., Gold Mining and Milling in the Black Canyon Area, Yavapai
County, Ariz.: Bureau of Mines Inf. Circ. 6905,1936,51 pp.

TABLE 4.-Costs of packing ore in Western States

1 Concentrate.
2 Includes a 6-mile wagon haul; up freight, $8 per ton.
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Year Cost per Cost per Remarkston ton-mile

1934 $1. 50 $0.75 Contract.
1935 1.00 1. 00 Do.
1935 3.50 . 70 Do.
1935 3.00 3.00 Company account; 10 burrofl;

2 men on horses.
1934 1. 00 to 1. 50 1. 00 to 2.00 Contract.
1934 1. 25 1. 66 Do.
1934 2.00 1. 60 Do.
1934 26.00 -------------- 28 to 30 mules, 2 horses, and 2

men. Contract.
1930 1. 00 to 1. 50 4.00 to 6.00 Contract.

Trips
daily

2
1
5
1

%to 172 25 dO I Fair 1 800
~ 5 do Steep _
1~ 3 3 do______ 8 do______ 1,000
3 2 110 Mules 5t06 GOOd 1 1,500

~ Burros I Fair______ 300

Distance
one way,

miles
Place

Dos Cabezas, Ariz _
Do -- _- -- - _

Ruby, Ariz _
Wickenburg, Ariz 1

Superior, Ariz _
Prescott, Ariz _

Do - - _
Camp Bird, Colo _

Questa, N. "l\1ex 1

Tons·1 Kind of \ NU~ber Condition \ Drop)n I

daily animals I, of anImals of trail IelevatIOn,
I per ton I feet

--------------1-----1---1--------,---------1----1

________ 1 Burros 1 7 Fair 1 1,000

------~- ===~~====== ~ ===~~= ===== I' - - - - --~~~-4 do__ 7 Poor_ 1,000

tv
~



TABLE 5.-Unit costs of exploratory workings ~
~

Costs per foot of exploration work
Name and situation of

property Year

Before or
during

productive
stage

Kind of work

Labor Explo
sives Power Timber Other

supplies
General
charges Total

[------,-----,-------,-----,----,----

~
l;j
H

~

*;j;j
C"1

l-d
~
>o
H
H
o
t;j

968.496
919.402

965.700

9 16.910

19.42
12.82

6.22

16.00
40.00

7.70
Ii 15.50

7.01
18 14.35

16.00
21. 00

10 32.03

2 $70.930

678.364

668.13
621. 226
624.088

5. 77 9119. 09

1. 09 922.54

1. 22 924.58

$2.512

10.639
3.248

13.026

15.23

5.13

4.62

$13.208

524.210

5.057 I 5 12. 261
55.856

$6.087

13.15

59.471

2.09

2.42

:t.896
1. 436

$6.581

89.55

513.5797.546

5.380
3.417

5.46

2.91

3.68

$6.367$36.175

423.558

11 30.263
4 5.445

6 feet 8 inches by 14 feet 9 inches 11 33.507 5.164 3.010 I 6.947 5 8.929 8.143
shaft, 475 feet.

~::::.a;;7:rf::t~::~:~::~e:~:~~: ::7~6 2:~:6 ~:7~5_::::::::-: '_3:9~9 ~:~54 _I"

Tunnel, 1,086 feet_ ____ ________ 13 5.81 (13) 1. 63 1( 66 .92 3.80

Inclined shaft on 14° slope, 150 3.29 1. 85 -- ---- ------ ____ 1. 08 ----- _-- --I

:;'~}t~!H:;~~!~~{~~;~:~: iee~-: ~ :::::::::::::::: :::::::::: :::::::::: :::::::::: :==:::::: ::::::~::: I
6- by 8-foot shaft, 150 to 316 feeL :

3Y2- by 7-foot shafL ---------- ---------- - -1

ij~bP~1j~!tJ:a{:~~~~~~~ ~~~~:~:~:~~:~-: ~~~~~~~~:~ ~~~~~~~~:~ ~~~~~~~~~~ ~~~~~~~~~~ :~::~~gn

Reno, British Columbia 12 1 Prior to 1928--I---dO-------
Do.l2_ __ 1931-32 During _

Golden Belt, Bradshaw Mts., 193L Before _
Ariz.l5

Gold Coin, Mont.l6 do _
Rabbit, Oreg.l6 do _
Bullion Dome, Oreg.l6 do _
Gold Hill, Utah 16 do _

Gold Queen, Utah 16 do _
Mossback Extension, Ariz.l6 do _
Maxwell No.1, Ariz.l6 do _
Maxwell No.2, Ariz.l6 do _
Comstock Dexter, Ariz.l6 do _

Central Patricia, Ontario, Can
ada.3

~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ =~= ~=== ===== ===1= ====~~= ======= I===~~======= I t~~~~~~i~i~~ir~;_~~_~e_e_t~~== == == == ==1--- --- -- -4-6: 216-1-- --3:498-'- --5- 1:765-, ======== ~ =1---5-6:572-1- --5-3: lSl-
Do do do_______ 1,019 feet of crosscuts__ ____ __ __ 4 6.567 3.543 5 2.025 5.018 57.672 4.263

Ashley, Ontario, Canada 7--------1 193G-32 I---dO-------16- by 17-foot inclined shaft, 436 feeL {~~~Zr ~~: ~~
. {Direct 6. 24Do do do DrIfts and crosscuts, 4,308 feeL Other 5.08

Do do do_____ __ Raises, 638 feeL ------ -------- - - - - - {8i~~~t ~: ~~

Mine No.5 10 1928 do 1 6- by 16-foot shaft, 556 feet _
Do do do Drifts and crosscuts, 2,579 feeL _

Mine No. 6 1o do do _

Do do do _

Macassa, Ontario, Canada 1 I 1931-32 I Before 19- by 17·fvot shaft sinking 2,489
feet.

1930 -1 do 6.5- by 16-foot shaft, 527 feet _



1 Howes, G. A., ana Jackson, Chas. F., Shaft-Sinking Methods and Costs of Plant and
Equipment at Macassa Mine, Kirkland Lake, Ontario: Bureau of Mines Inf. Circ. 6674,
1932,10 pp.

2 Does not include $66,228 cost of clearing, buildings, plant, and equipment, much
J-l of which was of service after the mine reached the production stage.e 3 Keast, A. J., and Jackson, Chas. F., Method and Costof Exploring, Equipping for
~ Development, and Developing the Central Patricia Group of Claims, Northem Ontario:
~ Bureau of Mines Inf. Circ. 6681, 1933, 13 pp.

o 4 Direct underground labor only.I .; Materials, supplies, and indirect labor.
~ 6 Does not include $33,964 for transportation of supplies and equipment, $11,371 for
~I bUild.ings, $60,847 for SUrfac.e plant equipment, and $11,077 for underground equipment,

much of which was applicable to lateral exploration and later mine operation.
7 Emens, W. H., and Jackson, Chas. F., Methods and Cost of Developing and Equip

~ ping the Ashley Gold Mine, Matachewan District, Ontario: Bureau of Mines Inf. Circ.
6707, 1933, 28 pp.

8 Cost of boiler fuel only.
o Cost of transportation of equipment and supplies; camp and plant buildings and

equipment not included.

10 Jackson, Chas. F., Some Notes on Methods and Costs of Equipping and Developing
Prospects: Bureau of Mines Inf. Circ. 6693, 1933, 24 pp.

11 Shaft labor, timber-framing, pipe-fitting, and decking only.
12 Mateer, T. J.,What It Cost to Open the Reno Mine: Eng. and Min. Jour., vol. 135,

March 1934, pp. 111-115.
13 Breaking ground (labor and explosives) and workmen's compensation.
14 Timbering (labor and timber).
15 Minton, David C., Jr., Cost of Equipping and Developing Small Gold Mines in the

Bradshaw Mountains, Quadrangles, Yavapai County, Ariz.: Bureau of Mines Inf.
Circ. 6735, 1933, 10 pp.

16 Gardner, E. D., and Johnson, C. H., Mining and Milling Practices at Small Gold
Mines: Bureau of Mines Inf. Circ. 6800, 1934,31 pp.

17 Direct cost only; no overhead charged.
18 All costs included, but labor was only $1.50 per day and timber was salvaged ma

terial.
19 Including half the pay of a blacksmith but excluding supervision and overhead.
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Core drills are rotary drills that cut an annular groove about a
central core of rock. This core is broken off and removed in sections
as the hole is deepened, each section of core comprising a sample that
can be analyzed and likewise reveals the composition, texture, and
structure of" the rocks penetrated. The cores may be split in half
longitudillally by means of a core splitter, one half being used for
assay purposes and the other retained as a more or less permanent
visual record of tIle formations for inspection and correlation with
the cores from other holes.

Tilere are three general types of core drills: (1) Those employing
a bit of soft steel set with a number of cutting elements, usually
carbons ("black diamonds") or bort, (2) those of the shot-drill type,
in which the annular groove is cut by grinding the rock with chilled
shot or other hard material under a rotating shoe or bit, and (3) those
employing a toothed cutter (sometimes used in soft rocks).

The hammer drill is employed principally in underground work.
It is the common heavy rock drill using ordinary hollow drill steel
and standard bits, except that for drilling long holes the machine usu
ally is equipped with strong independent rotation and sectional
steels are employed. The sludge is caught as it issues from the hole
duriIlg drillillg and is used as a sample or series of samples for visual
exarrlination and assay.

Each type of drill has its limitations and its particular fields of
usefulness. Althougil short holes occasionally are drilled at steep
angles with churn drills, they are not suited to drilling other than
vertical holes. One great advantage of the diamond drill is that
Iloles may be drilled at any angle from the vertical, up or down.
Deep diamond-drill holes usually deviate from a straight line, and
methods have been devised to straighten curved holes. It is also
possible to turn a hole at any desired depth by means of deflecting
wedges, and there are interesting examples of drilling several branch
ing 110les from a predetermined point in an original llole.

TIle churn drill has found special favor in drilling a number of the
large so-called disseminated "porphyry" copper deposits in south
western United States. In the Tri-State lead and zinc district the
cllurn drill Ilas been used almost exclusively. The diamond drill is
not well-adapted to the work in this district because, on account of
the cherty, fractured, often bouldery and vuggy nature of the ores
and surrounding wall rocks, the percentage of core recovered is low
and consumption of carbon or bort by excessive wear, breakage, and
loss is high. In the Lake Superior iron-ore districts a combination
diamond- alld cilurn-drill machine, known as the Mesabi rig, has
been used extensively. When drilling is done in soft formations that
will break and thus not return a core, vertical holes may be drilled
with a chopping bit screwed on the end of the regular string of rods.
When passing through hard formations, the chopping bit is removed
and replaced by a diamond bit.

In the Southeastern Missouri lead belt the diamond drill has been
employed alnlost exclusively for drilling the dissemillated ores, which
are homogeneous, give a good core recovery, and drill easily with this
type of drill. In the Mascot (Tenn.) area both churn and diamond
drills have been used extensively.

Until quite recently, diamond-drill bits were set almost exclusively
with carbons ("black diamonds"), but today bort is used more than
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carbons in the United States and Canada. About 4 to 10 or more
times as many stones are required when bort is used as when carbon
is used, and the cost of setting the bits is therefore greater. The
cost per carat for bort, however, is about one-tenth that of carbon, or
less. In many places it has been found that a bit set with bort will drill
more footage than one set with carbon, that it will give better core
recovery in some kinds of ground, and that the cost per foot of hole
is much less. The loss of a few stones by breakage or of an entire
bit is not nearly as costly as when carbon is employed.

Standard diamond-drilling outfits are built with steam, gasoline,
electric, or compressed-air drive. Ordinarily, they are built in sizes
ranging from those taking a ,'-inch core and limited to 150 feet of
drilling depth to machines that will take a 2}'-inch core and drill to
a depth of 5,000 feet. Other core sizes and capacities also are built
for special work. The smaller outfits are sectionalized (knock-down),
so that the largest and heaviest individual part carr be transported
under the most difficult conditions. The smaller rigs can readily be
taken into and operated in stopes and drifts.

In 1930 the Diamond Core Drill Manufacturers Association (United
States and Canada) established new standard sizes of bits and casing
for four sizes of bits based upon a series of four nesting casings, so that
the bit for one size hole will pass through the casing that will go in
the next larger size hole. These sizes are as follows: 23

Nominal dimensions

Size designation Casing coupling Approxi-
Core- mate

I Casing, Casing barrel Drill diameter Approxi-
Casing, cas- Rod, outside bit, bit, rod, of hole mate
ing coupling, rod diam- Outside Inside outside outside outside made diameter
casing bits, cou- eter diameter diameter diameter diameter diameter by core- of core
core-barrel plings barrel

bits bit 1

-------------------------
Inches Inches Inches Inches Inches Inches Inches InchesEX__________ E ______ 11~6 11~6 1H 12%2 1%6 H16 1H %AX__________ A ______ 2H 2H 12%2 2~16 12%2 1% 1% 1~BX__________ B ______ 2~s 2% 2% 21~16 2~6 12%2 2% 1%NX__________ N ______ 3H 3% 3 3~16 21~6 2% 3 2%

1 For a closer figure, assume hole H2 inch larger than bit.

The hammer drill has its best application in exploratory drilling
underground, where relatively short holes are to be drilled, core recov
ery would be poor with a core drill, or core samples have no particular
advantages over sludge samples. The hammer drill with special
strong, independent rotation, using sectional steel, has been used to
drill holes up to 272 feet in depth. 24 Hammer drilling has been dis
cussed by Knaebel 25 and by Jackson and Knaebel 26 in earlier Bureau
of Mines publications.

The advantages of drill exploration have sometimes been under
rated in certain districts, whereas in others the reliability of ore-

23 E. J. Longyear Co., Catalogue 8, pp. 59-60.
24 Dobbel, Chas. A., Deep-Hole Prospecting at the Chief Consolidated Mines: Trans. Am. Inst. Min.

and Met. Eng., vol. 72, 1925, pp. 677-689.
25 Knaebel, John B., Sampling and Exploration by Means of Hammer Drills: Bureau of Mines Inf.

Circ. 6594, 1932, 29 pp.
26 Jackson, Chas. F., and Knaebel, John B., Sampling and Estimation of Ore Deposits: Bureau of Mines

Bull. 356, 1932, 155 pp.
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reserve estimates based on snmples obtained by drilling has perhaps
been overrated.

Drilling can often be employed to determine, at a fraction of the
cost of underground exploration and in much less time, the position,
outline, and approximate volume of ore in a lode or massive deposit;
and, under favorable conditions, a close approximation to the average
grade of ore may be made from drill samples. Drilling is particularly
useful in determining various structural features, the position of faults,
contacts between different types of rocks and shear zones, and obtain
ing other information of great use in planning underground exploratory
workings.

Light, compact diarnond-drill rigs and hammer drills are useful for
drilling from underground stations in tracing the extension of veins
or important structural conditions below the lowest level of the mine,
and in probing for proba,ble or possible blind lodes out in the walls of
known deposits. By judicious use of drilling and interpretation of
drilling results, considerable money often can be saved that otherwise
would be wasted in drifting, crosscutting, and sinking.

In flat-lying bedded deposits or veins and ore bodies of considerable
horizontal area, churn drills often can be employed to outline the
deposits roughly, and, if the particles of valuable minerals are fine
and uniformly distributed in the rock, churn-drill samples often \vill
give very accurate information concerning the grade of the ore. Churn
drill samples may become contaminated with waste or salted if the
hole caves, and allowance must be made for this in calculating the
grade of ore from them or froIn sludge samples obtained in diamond
drilling or hammer drilling. Moreover, in broken ground drilling
water may carry away part of the cuttings into fissures and seams in
the rock.

If the mineralization is erratic, less reliance can be placed on drill
samples as a basis for estimating grade of ore than where mineraliza
tion is uniform. Even where ore occurrence is very erratic, however,
drilling may be useful in determining quickly and cheaply the presence
or absence of a vein or lode in a given zone, or of structural conditions
favorable for the occurrence of ore.

Where a high percentage of core can be recovered, the core drill
gives the most complete and most reliable information of any type of
drilling. In precious-metal veins, where the valuable mineral is dis
tributed very erratically, too much reliance should not be placed on
sludge or even core-sample assays. The hole may pass through a
particularly rich spot in a generally lean area or close to a rich zone
in barren material. Results of drilling, therefore, IIlust be checked by
means of excavated workings, particularly where mineralization is
erratic, before a high degree of accuracy is possible in estimating the
average grade of the ore in this type of deposit.

The subject of drill exploration has been discussed by Jackson and
Knaebel,27 who give examples of practice and present data comparing
the estimates of ore grades based on drill samples, with grades of ore
actually mined later.

27 Jackson, Chas. F., and Knaebel, John B., Sampling and Estimation of Ore Deposits: Bureau of Mines
Bull. 356, 1932, 155 pp. Gold Mining and Milling in the United States and Canada, Current Practices and
Costs: Bureau of Mines Bull. 363, 1932, 151 pp.
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Table 6 is a compilation of data on cost of churn drilliIlg, table 7
on costs of diamond drilling, and table 8 on costs of hammer drilling.

Drilling costs vary with conditions, such as character of the rock
formations drilled, accessibility of drill stations, depth of the individual
holes, wage rates and cost of equipment and supplie~ laid down at the
operation, unit cost of power, kind of power available, and water sup
ply. Under like conditions, the cost per foot of hole will be less if a
large total footage is to be drilled (thus distributing installation and
organization costs over more feet of hole) than fora small total footage,
and, provided moving from one set-up to the next is not too expensive,
will be less for holes of moderate depth than for deep holes.

TABLE 6.-Examples of churn-drilling costs

District Material drilled

Approxi
Size of hole, mate depth

inches of holes,
feet

Cost per foot

---------------------1-----1----1·-------·-

250 $1.00 to $1.25)

258 avo $1.043.
605 avo $3.26.1°
545 aV'1 $2.177.

230 av. $2.52)3

I

8H to 6
10 to 4H
10 to 4H

7~-8 to 4~4

5~-8 and 6H

300 $1.00 to $1.50.1
300 $1.00.1
190 $1.10 to $1.50 in rock;

$0.40 to $0.90 in
shale)

Bingham, Utah__________ Porphyry 23 1,469 $20.49.
Chino, N. Mex do_______________________ 13 to ? 945 $3.72.

Do do_______________________ 13 to ? 965 $2.75.
Bisbee, Ariz. 2 do__________________ __ __ __ __________ 400 $1.97.3

Morenci, Ariz.~ do_______________________ 10% to 4~-8 {62~:~:906 }$3.257.5

Nye County, Nev.6 _ Clay and crystalline gaylu- 5H 770 to 906 $1.033.7
site.

Ludlow, Calif. 8 Porphyry _
Miami, Ariz. 9 Schist and porphyry _
Burro Mountain, N. Porphyry _

Mex. ll
Silver Bell, Ariz.12 Rhyolite, porphyry, and

granite.

'I'ri-State lead and zinc_ __ Shale, sandstone, limestone,
chert, flint.Do do _

Do do _
Do do _

1 Contract price.
2 Notman, Arthur, Churn-Drilling Costs, Sacramento Hill: Trans. Am. Inst. Min. and Met. Eng., vol.

52, 1916, pp. 444-457.
3 60,000 feet of drilling. Initial cost, $0.17; operating cost, $1.43; road building, $0.37.
4 Grunow, William R., Churn-Drill Prospecting at Morenci, Ariz.: Eng. and Min. Jour., vol. 101, No. 23,

June 1916, pp. 969-974.
5 Drilling labor, $0.585; supplies, $0.453; tool sharpening, $0.043; power, $0.201; repairs, $0.140; total oper

ating, $1.422. Sampling and assaying, $0.396; general expense, $0.230; preparatory expense, $0.973; geology
and engineering, $0.018; first cost of equipment, $0.218, total cost, $3.257.

6 Free, E. E., Drilling Costs in Potash Prospecting: Eng. and Min. Jour., vol. 100, No.3, July 17, 1915,
pp. 108-109.

7 Drilling only.
8 Palmer, C. H., Jr., Churn-Drilling Costs: Eng. and Min. Jour., vol. 99, No.1, Jan. 2, 1915, p. 20. (24

holes totaling 6,456 feet.)
9 Bowen, H. P., Churn-Drill Costs at Miami: Eng. and Min. Jour., vol. 99, No.1, Jan. 2, 1915, p. 21.

(73 holes, totaling 44,500 feet.)
10 Drilling only, $2.75; roads, $0.44; water, $0.04; repairing, $0.03.
11 Stauber, 1. J., Churn Drilling in New Mexico: Eng. and Min. Jour., vol. 94, No. 11, Sept. 14, 1912, pp.

501-503. (57 holes totaling 31,100 feet.) .
12 Gentry, Martin Butler, Details of Churn-Drill Operations at Silverbell, Arizona: Eng. and MIn. Jour.,

vol. 90, Oct. 29, 1910, pp. 850-851.
13 62 holes drilled.

From certain of the data in table 6, the total costs of large churn
drilling-exploration campaigns may be deduced. Thus, 60,000. fe~t
of drilling at Bisbee, Ariz., at $1.97 per foot cost $118,200; at MIamI,
Ariz., 44,500 feet at $3.26 per foot totals $145,070; 57 holes totaling
31,100 feet at Burro Mountain, N. Mex~, at $2.177 per foot cost $67,
705; 62 holes totaling 14,260 feet at Silver Bell, Ariz., cost $35,935:

At Globe, Ariz., the Old Dominion Copper Mining & SmeltIng
Co. developed and at one time employed an electrically driven under-
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ground churn drill. 28 Four holes 12 inches in diametQr were sunk
for ventilation, and seven holes, starting with 8X-inch bits and finish
ing with 6X-inch or smaller bits, were prospect holes. The four
12-inch holes totaled 637.5 feet and cost $4,775; the seven prospect-
ing holes totaled 1,124 feet and cost $5,052, including all items of cost
such as moving, preparing drilling stations, and initial cost of equip
ment. Out of a total of $9,827, $2,382 was initial cost of equipment;
$876, the cost of alterations to equipment; and $492, the cost of addi
tions to equipment, a total of $3,750.

The following table shows the costs of churn-drilling eight different
tracts in the Tri-State lead and zinc district: 29

Property no. Acres Holes
drilled

Holes in Averae"p Cost of
ore depth, feet drilling

1 _
2 _
3 . _
4 _
5 _
6. . _
7 . _
8 _

80
104
320
105
160
60
80
40 ,

129 35
129 52
162 49
120 43
219 84

l~ 1---------H-I

250 $35,000
279 53,980
326 66,015
30t) 37,482
330 79,497
300 27,256
235 40,839
300 ~ 26, 4,1')0

The figures in the foregoing tables indicate that although, on the
average, diamond- and churn-drilling costs are higher than hammer
drilling costs, the costs incident to the different methods of drilling
are, broadly, of the same general order, especially when each is em
ployed under conditions favorable to it. It has been pointed out that
each type of drill has its peculiar limita,tions and each its particular
field and that in certain kinds of ground or with certain depths or
angles of holes one or the other may not suit at all.

Moreover, for sampling purposes, the reliability of results obtained
rather than the cost per foot of hole should be the first consideration.
The cost tables have been presented partly to show the range in
drilling costs but are particularly significant in showing that where
there is a choice of methods, the spread between costs by the different
methods need not necessarily be great, and that the use of a cheaper
drilling method to reduce the cost per foot of drilling is not justified
if reliability of results would be sacrificed thereby. Misleading
samples will be far more costly in the long run than any additional
cost required to obtain dependable samples.

COST OF EXPLORATION

In the preceding pages some unit costs of sinking, drifting, cross
cutting, and drilling have been presented, together with a few costs
covering entire churn-drilling campaigns. Few figures are available
covering the total cost of exploring a property before reaching a
decision to develop it for production. However, figures are available
covering expenditures for exploration and development at a few
properties during various stages of exploitation before the productive
stage, and the following data are summarized from those figures.

28 Bjorge, Guy N., Underground Churn Drilling at Old Dominion: Eng. and Min. Jour., vol. 103, Apr.
7,1917, pp. 574-576.

29 Reigart, J. R., The Cost of Developing to the Operating Stage and Equipping a Small or Medium
Size Mine in the Tri-State Lead and Zinc District: Bureau of Mines Inf. Circ. 6591, 1932, p. 9.
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TABLE 7.-Examples of diamond-drilling costs

District Material drilled Size of bit or core,
inches

Approximate
depth of holes,

feet
Cost per foot

--------- ------------------1------·_------ -----------------

Chlorite, quartz-sericite ~~-inch core; 1'06 $1.66-$2.46 direct;
schist, and ore. outside diameter. $1.77-$2.99 total. s

Limestone and shale Average 600 $r).95-$1.40.
Granite and diorite ~~-inch core Underground $2.90.

250, surface average.
600.

Limestone and diorite $3.00.
Hard augite and diorite 1'06-inch outside; ~-8- Up to 1,000 $1.92,13

porphyr . inch core.
Diorite, quartz, green- l%-inch core__ $1.743,15

stone, and slate.
Schist and porphyry 1%6-inch core; H16 Average 208 $5.44.17

outside diameter.
~~-inch core_ _ Average 800_ __ $2.53,111

Arizona 16 _

Helena, Mont,11 _
Rossland, B. C,12 _

Alaska 14 _

Sudbury, Ontario 18_ Norite, diabase, granite,
greenstone.

New York 20 _ Zinc ore, crystalline dol- do_______ Average 338_ __ $2.05.
omite, gneiss.

Mexico 21
1

Ore and limestone %- and ~~-inch cores_ Up to 200 $0.506.22
New Jersey 23

1
Hard, granitoid gneiss 1%2-inch core $3.90.

1Cummings, A. 1-1., Method and Cost of Mining Magnetite in the Mineville District, New York: Bureau
of Mines InL Circ. 6092, 1928, 12 pp.; 31, 725 feet of drilling, 1918-19.

2McNaughton, C. H., Mining Methods of the Tennesee Copper Co., Ducktown, Tenn.: Bureau of
Mines InL Circ. 6149, 1929, 17 pp.

3 Kniffin, L. M., Mining and Engineering Methods and Costs of the Hanover Bessemer Iron & Copper
Co., Fierro, N. Mex.: Bureau of Mines Inf. Circ. 6361, 1930, 20 pp.

4 Drilling, $0.967; setting bits, $0.081; carbon, $0.207; moving, $0.186.
5 Nelson, W. 1., Mining Methods and Costs at the Engels Mine, Plumas County, Calif.: Bureau of Mines

In!. Circ. 6260, 1930, 22 pp.
6 Contract prices: Up to 400-foot holes, less than 15° inclination, $2.45; up to 400-foot holes, more than 15°

inclination, $2.70 (75,378 total footage).
i Brennan, C. V., The Mining Operation at the Property of the Britannia Mining & Smelting Co., Ltd.,

Britannia Beach, B. C.: Bureau of Mines In!. Circ. 6815, 1934, 36 pp.
8Higher costs for very siliceous ground.
9 Poston, R. H., Method and Cost of Mining at No.8 Mine, St. Louis Smelting & Refining Co., South

east Missouri District: Bureau of Mines In!. Circ. 6160, 1929, 22 pp.
10 Matson, J. T., and Hoag, C., Mining Practice at the Pecos Mine of the American Metal Co. of New

Mexico: Bureau of Mines Inf. Circ. 6368, 1930, 21 pp.
11 Pierce, A. L., Mining Methods and Costs at the Spring Hill Mine, Montana Mines Corporation,

Helena, Mont.: Bureau of Mines Inf. Circ. 6402, 1931, 11 pp.
12 Couldrey, Paul S., and Sampson, E. H. S., Diamond Drilling as a Means of Intensive Development:

Eng. and Min. Jour., vol. 110, No. 13, Sept. 25, 1920, pp. 608-610.
13 120,762 feet of underground drilling, 1902-1919.
14 Eng. and Min. Jour., Diamond Drilling at Alaska Treadwell: Vol. 97, Jan. 17, 1914, p. 177.
15 Labor, $0.798; carbons, $0.637; repairs, $0.012; supplies, $0.083; assaying, $0.002; power, $0.211; total,

$1.743.
16 Naething, Foster S., Diamond Drilling at Miami: Eng. and Min. Jour., vol 97, May 23, 1914, pp.

1039-1041.
17 Based on 2,714 feet: Labor, $2.68; carbon, $0.82; miscellaneous supplies, $0.84; rent and depreciation,

$1.10.
18 Parsons, L. A., Diamond Drilling at Sudbury: Eng. and Min. Jour., vol. 102, Aug. 26, 1916, pp. 381-382.
19 100,000 feet of drilling: Labor, $0.90; carbon, $1.12; coal, $0.22; supplies, $0.04; depreciation, water, etc.,

$0.25; total, $2.53.
20 Knaebel, John B., Mining Practice at the Edwards Mine of the St. Joseph Lead Co., St. Lawrence

County, N. Y.: Bureau of Mines InL Circ. 6586, 1932,25 pp.
21 Walker, Harlan A., Mining Methods and Costs at EI Potosi mine, EI Potosi Mining 00., Chihuahua,

Mexico: Bureau of Mines Inf. Circ. 6804, 1934, 38 pp.
22 Labor, $0.0887: carbon and bort, $0.1140; power, $0.0643; other direct costs, $0.2130; indirect costs, $0.0264;

total, $0.5064.
23 Sweet, J. R., Mining Methods and Costs at the Mount Hope mine of the Warren Foundry & Pipe

Corporation, Mount Hope, N. J.: Bureau of Mines In!. Oirc. 6601, 1932,31 pp. (5,700 feet of underground
drilling.)

NOTE.-Since table 7 was prepared there has been an appreciable reduction in diarnond-drilling costs, and
where a large amount of drilling is done costs of 50 cents to $1 per foot have become common.

Mineville, N. Y,1 __ Magnetite ore in gneiss__ I-inch core $3.92.
Ducktown, Tenn.2_ Schist, graywacke, mas- do_ _ Over 150 $2.50.

sive sulfides.
Fierro, N. Mex.3 Magnetite, limestone 200 to 500 $1.441.4
Plumas County, Diorite and ore $2.45-$2.70.6

Calif. 5
British Columbia 7_

Southeast Missourill

New Mexico 10 _
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TABLE 7.-Examples of diamond-drilling costs-Continued

District Material drilled Size of bit or core,
inches

Approximate
depth of holes,

feet
Cost per foot

--------1--------------.------ ----------------·---1--------- ---------

Ontario 24 Schisted lavas and ~~- and ~~-inch cores_ Average 200± $0.72-$0.87.25

quartz porphyry, and
vein material.

Do.26 Schist and greenstone %-inch core Average 170 $7.31. 27
Do.26 do do__ ______ Average 680. __ $4.56.
Do.28 do. do_ ___ __ _____ ______ $3.45.

Arizona 29 Schist, diorite, green- 84 percent, ~~- to l~s- $1.81 (1930).30
stone, quartz, por- inch core; 14 per-
phyry, bedded sedi- cent l%-inch core;
ments, massive sul- 2 percent 2~~-inch
fides. core.

24 Young, Arthur W., Mining [Hollinger Consolidated Gold Mines, Ltd.]; Canadian Min. Jour., Septem~
ber 1935, pp. 395-396.

25 Based on 166,654 feet of drilling in 1934, prices per foot (all costs included) vary with kind of rock, percent
core recovery, and size of core, as follows:

Recovery Porphyry All other
rock

%-inch core 90 percent- - $0.87
80-90 percent _______________________________________________ ____________ . 82
plus 75 percent- __ 0.87 _
70-80 percent . ___________ ____________ . 77
65-70 percent _______________________________________________ . 82 _
Minus 70 percenL__________________________________________ .72
55-65 percent ____ __ __ ____ _ __ __ . 77 _
Minus 55 percenL__________________________________________ .72 _

Price of ~~-inch cores is 75 cents per foot, irrespective of core recovery.

26 Emens, W. H., and Jackson, Chas. F., Methods and Costs of Developing and Equipping the Ashley
Gold Mine, Matachewan Gold District, O;ltario: Bureau of Mines Inf. Circ. 6707, 1933, pp. 7-8.

27 Surface drilling, 2,743 feet in badly fractured ground: Labor, $2.61; carbon, $3.20; other, $1.50.
28 Jackson, Chas. F., Some Notes on Methods and Costs of Equipping and Developing Prospects: Bureau

of Mines Inf. Circ. 6693, 1933, p. 10.
29 Hansen, Mayer G., Diamond Drilling at the United Verde Mine: Bureau of Mines Inf. Circ. 6708,

1933, 18 pp.
30 Costs vary with depth of hole, kind of rock, and inclination of hole. See figure 3 for average costs in

graphic form from 1917 to 1931.



5.50

5.00

4.50

4.00

3.50
tn

: 3.00
-'
~ 2.50
o

2.00

1.50

1.00

PROSPECTING AND EXPLORATION

)

V \
\
\ / '" ~~

\V )0"'"

\
\~

'>--"""'"l;>- ....... V "..........,

~

31

0.50

0'OY917 1919 1921 1923 1925 1927 1929 1931

2.50

2.00

fJ)
1.50

ex
~

-'
...J

0
0 1.00

0.50

A - Diamond drilling total cost per foot

/ """""l

/ \
/ \

~ \

" :

."\ I /1\ r.-:t::1
t'-.V \ / ""t!:!bor

\ \ / "\ \/ ~

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

\ ~

~~
\
\ Carbon -""'~

\ r'" \, / \
"'- / \ /

".---"f V

0.00
1917 1919 1921 1923 1925 1927 1929 1931

1.00

tn
ex
~

...J 0.50

...J

o
o

B- Diamond drilling carbon and labor cost per foot

r;:--L-,
~~
~

/ \
/ \ rs~~Ir" / \ I \oil"

"v' '- ,;>J 'I ,A
1""-. ,........ If' " /\ "J....". - ' .. _....c~--e;~

~V ~ ....- ... " l>---T
1919 1921 1923 1925 1927 1929 1931

C - Diamond drilling supply and ~pair costs per foot

FIGURE 3.-Diamond-drilling costs, United Verde mine.



32 METAL-MINING PRACTICE

TABLE 8.-Examples of hammer-drilling costs

RemarksDepth of
holes, feetMaterial drilledDistrict Size of holes, I Oost per I

inches foot
-----·--1--------1----·--------------;---------

Ducktown, Tenn.1_ Schist,graywacke, Up to 120 3~ to 23i _
massive sulfide.

Tri-State, Kans. 2 Oherty limestone _
Ooeur d' Alene, Quartzite and vein 46 av., 129 3U starter _

Idaho.3 material. max.
Fierro, M. Mex.4_ __ Limestone and mag- _

netite.

Pecos, N. Mex. 5_ _ _ _ Schist and diorite_ __ 50-100 _
Tri-State, Okla.6____ Ohert and limestone_ 148 max _

Do do _
Do do _
Do -- do _
Do do 152 max _

New Idria, Calif.7 Shale, sandstone, 99 av., 228 3U-H4--------
serpentine. max.

Tintic, Utah 8 Limestone and ore __ 272 max 3~~ or 2}2
starters.

Edwards, N. Y.9_ __ Zinc ore in dolomite, 43 av _
schist, and gneiss.

Gilulan, 0010.1 0 Limestone, shale 228 max _
quartzite, ore.

Do do _

$0.80 Total including
shop and steel.

.64
1. 10 Based on 2,868 ft.,

labor only, $0.92.
2.82 Drilling, sharpen

ing, moving, labor
only, $1,217.

1. 98 Labor only, $1.26.
1. 69
1.00
1. 90
1. 70

.60-.70
.75

.97 Labor only, $0.44.

.99

. 828 Jannary 1925 to
June 1931, 36,988
feet drilled.

. 505 May 1931.

1 McNaughton, O. H., lVIining Methods of the Tennessee Oopper 00., Ducktown, Tenn.: Bureau of
Mines Inf. Oirc. 6149, 1929, pp. 10-11. .

~ Banks, Leon M., Mining Methods and Oosts in the Waco District: Bureau of Mines Inf. Oirc. 6150,
1929, p. 3.

3 Wethered, O. E., and Ooady, L. J., Mining Methods at the Morning Mine of the Federal Mining &
Smelting 00., Mullan, Idaho; Bureau of Mines Inf. Oirc. 6238, 1930, p. 3.

4 Kniffin, Lloyd M., lVIining and Engineering Methods and Oosts of the Hanover Bessemer Iron &
Oopper 00., Fierro, N. Mex.: Bureau of Mines Inf. Oirc. 6361, 1930, pp. 5-6.

5 Matson, 1. T., and Hoag, 0., Mining Practice at the Pecos Mine of the American Metal 00. of New
Mexico.: Bureau of Mines Inf. Oirc. 6368, 1930, 21 pp.

6 Netzeband, W. F., Prospecting with the Long-Hole Drill in the Tri-State Zinc-Lead District: Min.
and Met., vol. 11, June 1930, pp. 295-296.

7 Moorehead, W. R., Methods and Oosts of Mining Quicksilver at the New Idria Mine, San Benito
Oounty, Oalif.: Bureau of Mines Inf. Oirc. 6462, 1931, pp. 3-4.

8 Dobbel, Ohas. A., Deep-Hole Prospecting at the Ohief Oonsolidated Mines: Trans. Am. Inst. Min.
and Met. Eng., vol. 72, 1925, pp. 677-689.

9 Knaebel, John B., Mining Practice at the Edwards Mine of the St. Joseph Lead 00., St. Lawrence
Oounty, N. Y.: Bureau of l\1ines Inf. Oirc. 6586, 1932, pp. 6-7.

10 Lary, Howard N., Exploration Methods and Oosts at a Oolorado Zinc Mine: Eng. and Min. Jour.,
vol. 132, No.8, Oct. 26, 1931, pp. 353-355.

NORTHERN CANADA

The following conclusion with respect to exploration costs in
nortllern Canada gold districts is taken from Information Circular
6693: 30

* * * although conditions differ at individual properties so that no esti
mate can be made of the expenditure required to prove a given prospect, the
figures do indicate that in embarking upon the development of a prospect in this
region, one should be prepared to expend at least $250,000 to $300,000 in order to
determine whether the property will justify additional expenditure for a mill.
It may require the expenditure of only a fraction of this amount in some in
stances to reach the conclusion that the property will not make a producer.
On the other hand, this amount or much more may be required to prove that
there is or is not a mine.

1. Central Patricia mine. 31-This property consisted of 18 claims
in northern Ontario, 120 miles from the railroad by winter tractor
route. At the end of the exploration campaign, 33,155 tons of ore
had been proved, together with an estimated additional "possible"

30 Jackson, C. F., Some Notes on Methods and Oosts of Equipping and Developing Prospects: Bureau
of Mines Ini. Oirc. 6693, 1933, 24 pp.

31 Keast, A. J., and Jackson, O. F., Method and Oost of Exploring, Equipping for Development, and
Developing the Oentral Patricia Group of Claims, Northern Ontario: Bureau of Mines Inf. Oir. 6681,
1933, 13 pp.
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29, 369

51, 923

97, 102
15, 682
13, 536

70, 921
62, 870
53, 476
75, 775
47, 869

12,000 tons. A vertical, three-compartment shaft had been sunk to a
depth of 527 feet, four shaft stations cut, and 1,776 feet of drifting and
1,019 of crosscutting completed. Preliminary work included 6,000
feet of diamond drilling, 1,050 linear feet of surface trenching, hauling
of equipment and supplies, and construction of camp and temporary
mine buildings. Although much of this work was of service later in
development for production, the cost may reasonably all be charged
to exploration. The summarized costs follow:

Preliminary exploration (staking, surveying, trenching, and
diamond drilling) _________________________ ________ $60, 280

Cutting winter roads and clearing site_ _________________ 7, 057
Buildings, plant and underground equipment (including

freight and haulage) _______________________________ 89, 854
Underground exploration and development:

Shaft, 527 ft ____________________________ $41, 321
Four stations and pump sump___ __________ 6, 827
Drifting, 1,775.7 ft~ 37, '691
Crosscutting, 1,019.3 ft___ ________________ 24, 553
Late surface exploration__ ________________ 172

Total underground 110,564
Cost of closing mine, pulling pumps, etc_ _______________ 1, 360

Total, all expenditures charged_ ___________________ 269, 115

In addition, $60,325 had been expended covering inventory at time
of temporary shut-down, and not charged off on the books.

2. Ashley mine.32-This property was 42 lniles by winter road from
Elk Lake, Ontario, the end of the railroad. It embraced 23 claims
covering 951.7 acres. Discovery was made in October 1930, and the
following figures cover expenditures during various stages for explora
tion and development up to the time a mill was completed and ready
for operation (August 31, 1932) but excluding the cost of the mill:

October 1930 to December 31, 1930:
Buildings - _ $2, 428
Equipment and supplies_ __________________ 377
Cookery stores, freight and teaming, miscel-

laneous payroll_ ________________________ 9, 195
----$12,000

Dec. 24, 1930, to Feb. 27, 1931: Feet
Diamond drilling _________________________ 1, 314
Later drilling ____________________________ 3, 473

Total_ ________________________________ 4, 787
Shaft sinking (shaft inclined 53°, timbered, 6 ft. 2 in. X

17 ft. °in. rock dimensions) - --
Feb. 16, 1931, to May 1931, 68 ft. (costs not distributed)_
May 1931 to December 1931, 436 ft _
Lateral development to Aug. 15, 1932:

4,308 ft. of drifting, slashing, and crosscutting - --
638 ft. of raising _
230 ft. of stations and pockets - - _- - - - - --

Payroll for Jan. 15, 1931, to Aug. 31, 1932 (not included in
above accounts) _

Camp and mine plant buildings and structures - - _
Plant equipment not included above - --
Materials and supplies not included above - - -
General expense (insurance, travel, haulage, and freight)_

Total_ ______________________________ ____ _- _ 530, 523

32 Emens, W. H., and Jackson, Chas. F., Methods and Costs of Developing and Equipping theAshley
Gold Mine, Matachewan Gold District, Ontario: Bureau of Mines Inf. Circ. 6707, 1933, 28 pp.
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3. Bobjo.33-This property is in the Patricia district, northern
Ontario, 120 miles from the railroad. In 1928 and 1929 it was partly
explored by a two-compartment, vertical shaft (6~ by 12 feet) to a
depth of 268 feet. Two shaft stations were cut and 1,786 feet of
lateral development was completed. The summarized cost of this
work was as follows:

Road and trail buildings - - - - - - - - - - - - - __ - _
Trenching, test-pitting, and general exploration _
Camp buildings - - __- _
Housing mining plant - - - _
Tools, materials, and supplies _
Camp and mine equipment _
2,000 feet of diamond drilling - _- _
Shaft and two stations _
Lateral development, 1,786 ft _
Org~niza~ion C?f co~pany, secretary-treasurer, etc _
EngIneerIng dIrectIon - - _

$2, 108
5,027

10, 133
2, 627

19, 621
36, 276
10, 525
27, 168
37, 667
17,350

6, 435

Total 174,937
Credit high-grade ore shipped_________________________ 10,474

Net cost_ _____________________________________ 164, 463

4. San Antonio. 34-This property is in Manitoba remote from rail
road transportation. Following are the summarized costs of explora
tion:

General exploration, trenching, test-pitting, and diamond
drilling - __ - - - _

Camp and plant construction _
Camp and plant equipment _
Mine equipment-drills, steel, cars, pumps, etc _
Shaft sinking, 556 ft ___________ _________ _ _
Cutting shaft stations, 76 ft _
Drifts and crosscuts, 2,579 ft - _
Equipment and supplies on hand, not charged in above

accounts _

$91, 827
12, 144
22, 909

3, 381
37, 723

1,146
50, 039

25, 530

Total_ _______________________________________ 244, 699

ARIZONA

1. Golden Belt. 35-This property is in Yavapai County, Arizona, 15
miles from the railroad. Following is a sumlllary of the exploration
costs, including camp buildings, roads, mine equipment and supplies,
750 feet of open-cuts, approximately 598 feet of tunnels and drifts, 95
feet of raises, and 825 feet of 14 0 incline, and cost of stoping 2,370
tons of ore taken out during the period covered:

33 Jackson, Chas. F., SOllie Notes on Methods and Costs of Equipping and Developing Prospects: Bureau
of Mines Inl. Circ. 6693, 1933, 24 pp.

34 Jackson, Chas. F., SOllie Notes on Methods and Costs of Equipping and Developing Prospects: Bureau
of Mines Ini. Cire. 6693, 1933, 24 pp.

35 Minton, David C., Jr., Cost of Equipping and Developing a Small Gold Mine in the Bradshaw Moun
tains Quadrangle, Yavapai County, Ariz.: Bureau of Mines Inf. Circ. 6735, 1933, 10 pp.
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Appraised
value as

taken over
May 1,1931

Disburse
ments

to Apr. 1,
1932

35

Total

------------------------------·----1----
Camps:

Buildings _
Equipment and supplies . _
Roads _

Subtotals _

$2,000.00
2,755.00

100.00

4,855.00

$500.00
752.00

1,252.00

$2,500.00
3,507.00

100.00

6,107.00

Mine:
Equipment and supplies____________________________________ 3,362.00
Development:

Direct labor and repairs .______________________________ 6,876.00
Repairs of property .. _____________ _ _
Power . . _

2,531. 08

6,320.15
142.95
795.06

5,893.08

13,196.15
142.95
795.06

Subtotals_ -- - .___ _ __ __ __ 10,238.00

Total exploration cost, except trucking and proportion of small
overhead costs ______________________ _____ _________ _____________ 15, 093. 00

SAMPLING OF ORE DEPOSITS

9, 789. 24 20, 027. 24

11,041. 24 26, 134.24

A brief summary of the methods employed and the costs of prospect
ing and exploration has been presented in the preceding pages. The
primary object of such work, as already sta/ted, is to find ore and
furnish informH,tion upon which to base estimates of its quantity and
grade.

Estimates of ore grade are based on the assays of samples obtained
from excavations in the ore, froITl drill holes, or both. The accuracy
of the estimates will depend on the care taken in procuring the samples
and the judgment used in deciding upon the sample interval required,
the accuracy in assaying, and the proper weighting of the individual
assays in combining them for determining average grades of individual
ore blocks, especially the treatment of erratic high values. These
are all matters that require experience and judgment on the part
of the estimator.

Natural conditions affect the degree of accuracy possible; thus, the
regularity of the deposit and the size and distribution of the particles
of valuable minerals will limit tIle accuracy obtainable with a given
pattern of samples. Also, there are practical considerations, such as
the amount of money available and the degree of refinement required.
In large low-grade deposits, a fraction of 1 percent difference in
valuable mineral may be enough to determine whether the material is
ore or waste. On the other hand, in a high-grade deposit, although a
difference of a few dollars per ton in grade may make a large difference
in the total profit recoverable from a deposit, such a difference may
be relatively unimportant if the objective of the estimate is merely
to determine whether or not development operations are justified.
However, if the sampling is to form a basis for determining the price
to be paid for the purchase of the property, obviously a high degree
of accuracy is necessary.

In any event, sampling is an important operation, as much may
depend on the care with which it is done and the intelligence shown in
interpreting assay returns. It is obvious that correct conclusions
cannot be reached from misleading samples-that is., from samples
not truly representative of the material sampled. It is not always
easy to obtain representative samples, and often they are reliable only
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when taken systematically in large numbers, so that errors in individual
samples become compensating and not cumulative Systematic
sampling requires a procedure that will eliminate the human factor
as far as possible.

A perfect sample would have the assay value of the block of
ground from which it was taken. Since valuable minerals are dis
tributed unevenly and are present in varying degrees of purity
throughout the gangue material, a perfect sample can be obtained
seldom if ever. Indeed, in erratic ores, assays of individual samples
may vary widely from the actual assay value of even the small block
they are suppo~ed to represent. However, if each sample is taken
mechanically in strict accordance with a system and the number of
samples taken is large, the combined samples may and usually do
approach much nearer the actual average ore than do individual
samples to the different blocks of ore from which they are taken, the
errors compensating, as above stated.

The questions to be decided in adopting a sampling procedure
include the size of individual samples and the sample interval. A
well-recognized principle is that the finer the size of the mineral
particles (ore and gangue) and the more even the distribution of the
ore-mineral particles in the matrix, the smaller may be the sample and
the greater the space between samples. Conversely, the more irregular
the distribution of the ore minerals and the larger the particles, the
larger should be the individual sample (in weight per unit length of
sample cut) and the closer the sample interval. The mineralization
in some deposits is so erratic that only actual mill tests of relatively
large bulk samples will give a reliable index to the grade of the ore.

The follo,ving discussion will cover, principally, the methods of
taking small samples rather than bulk samples. It may be said at
this point, however, that mill tests of large or bulk samples may some
times be employed advantageously to check the results of small samples
previously taken from selected blocks of ground. Thus, the mill
tests may establish a correction factor that may be applied to assays
of small samples to give more accurate results for the particular ore in
question. 11ethods of sampling ore deposits may be classified as
follows:

1. Drill sampling with (a) churn drills, (b) core drills, (c) hammer drills, and
(d) fish-tail and other types.

2. Face sampling: (a) Pick or chip sampling, (b) regular channel or groove
sampling.

3. Grab sampling of broken ore.
4. Bulk sampling.

Each of these methods has been discussed at some length by Jack
son and Knaebel. 36

SAMPLING WITH CHURN DRILLS

In churn drilling for sampling purposes, the cuttings from each
unit length of hole are brought to the surface and constitute a sample
of the formation at the interval of depth from which it is cut. When
cable-tool eqllipment is used, the tools are raised to surface and

36 Jackson, Chas. F., and Knaebel, John B., Sampling and Estimation of Ore Deposits: Bureau of Mines
Bull. 356, 1932, 155 pp.
----, Gold Mining and Milling in the United States and Canada; Current Practices and

Costs: Bureau of !\tfines Bull. 363, 1932, pp. 44-48.
Jackson, Chas. F., Knaebel, John B., and Wright, C. A., Lead and Zinc Mining and Milling in the

United States; Current Practices and Costs: Bureau of Mines Bull. 381, 1935, pp. 65-SO.
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cleaned of material adh.ering to them by washing it off into the hole.
The bailer is then lowered and the cuttings are raised to surface,
bailing being continued until the hole is clean.

When hollow rods are used inst·ead of cable tools, as with the Mesabi
type rig, the water is pumped continuously through the rods, as in
diamond drilling, the return water carrying the cuttings being caught
in a series of tubs, barrels, or other suitable settling apparatus.

With cable tools, the hole usually is bailed at regular depth intervals
until ore is reached. The cuttings are examined mineralogically,
often being panned to separate the constituent minerals. Thus, a
knowledge is gained of the different rock formations and the horizon
at wllich each occurs. Information gathered from examination of
the cuttings should be logged carefull~y on suitable forms. When
rods are used, the same information is obtained by watching the
sludge during drilling and taking occasional pannings for examination,
especially whenever a change is noted in its appearance.

When ore is struck, it is usually desirable and often necessary to
case the hole from surface to the top of the ore, setting the bottom
of the casing firmly into the ore. This is done to avoid contamination
of subsequent samples with material loosened from the upper part of
the hole by natural caving, by the raising and lowering of drilling
tools and bailer, or by the slap of the drilling cable or rods, as the
case may be. After being cased, the hole is cleaned thoroughly, and
as drilling proceeds samples are taken at regular intervals (usually
3, 4, or 5 feet) by successively drilling and removing the cuttings
from corresponding depth intervals. Care must be taken to clean
the hole thoroughly each time and to collect all the cuttings in the
sample.

Erroneous samples may result from caving of the hole; from leaking
of drilling water in dry ground through cracks and crevices, carrying
sludge with it; from rock falling from upper sections of the hole, thus
contaminating the sample by raising or lowering the assay value,
depending on whether the contaminating material is higher or lower
in grade than the portion of the hole being sampled; and from faulty
handling and treatment of the sludge constituting the sample.

Any great increase or decrease in the weight or bulk of the sample
per foot of hole usually can be detected quickly and illdicates either
that the hole is caving badly or that appreciable leakage has taken
place. Lesser departures from average size of samples are not so
easily explained or detected. A given size of bit will cut holes of
slightly different diameters in different rocks, depending largely on
the hardness of the rocks, and small variations in size of samples
from equal footages need not, as a rule, be looked upon with suspicion.

A large increase in size can usually be attributed to caving at the
sample horizon or to sloughing from above, and assay results may
require correction. Thus, if a sample weigh.s or assays appreciably
more or less than- the samples next above and next below it, serious
contamination may be suspected. The procedure will then depend
on conditions and previous experience with other holes in the deposit.
It may be satisfactory to average the assay value of the vitiated
sample with that of the two adjacent samples and assign the average
to it, or to disregard the assay entirely, assigning to the sample the
average of the two adj acent samples if they appear to be accurate.
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Sludge samples from the larger holes are very bulky and usually
must be cut down and dried at the drill. Generally, the first cuts or
splits are made on the wet sample when cable-tool equipment is used.

At one time the senior author was employed on a churn-drill
sampling job at Ray, Ariz., where holes were drilled with cable-tool rigs,
starting with an 8X-inch bit and followed, successively, by 6X- and
4X-inch bits when it became necessary to case and recase the hole.
TIle samples from the larger diameters were bulky, especially in soft
ground, and each bailer was dumped into a sa~ple box, from which
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FIGURE 4.-Churn-drill sample splitter. A, General assembly. B, Detail of divider, right side and a few
partitions removed. (From Am. Inst. 11in. and Met. Eng. Tech. Pub. 373.)

the water and cuttings passed through a sanlple splitter of the Jones
type (fig. 4). The cutters were arranged in three tiers in such a
manner that 50, 25, or 12.5 percent or all of the sludge could be
caught as desired.

The final sample is then dried and sacked. In drying, it is im
portant to avoid burning it or Ileating it to such a high temperature
that chemical changes take place in the mineral constituents, particu
larly if sulfide minerals are present.
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When churn-drilling is done with rods, the return water and sludge
are discharged into suitable settlers, from which clear water overflows
or is siphoned off, leaving the sludge in the settler. Whatever the
arrangement used, it is important that the waste water shall not carry
slimes away with it and thus remove fine material from the sample.
This may be accomplished easily with'some types of ore, but with
those that contain clayey or other colloidal material it may be neces
sary to provide large capacity to allow a considerable time interval
for settling.

ACCURACY OF CHURN-DRILL SAMPLES

In the Tri-State zinc and lead district, churn-drill samples have
been used extensively for estimating tonnages and grades of ore in
advance of actual mine development. The ore rninerals are principally
sphalerite and galena. According to Netzeband,37 the experience of
one large company in this district is that the ore mills out about 10
percent better than the estimates based on the churn-drill samples.

Keener 38 states, also, that in this district the estimates based on
churn-drill samples are lower than actual mill-run tests.

Joralemon 39 states, with respect to cable-tool drill sampling of the
disseminated-porphyry deposits, that "with careful work, involving
casing below all caving ground, assays from churn drilling can be
depended upon in nearly all cases to within 0.1 percent copper."

In referring to samples in the schist ore bodies at Miami, Ariz.,
Maclennan 40 has stated:

The original churn-drill sampling was checked by (1) the usual channel samples,
which were cut across the direction of the major seams every 5 feet of drifts; (2)
cuttings from dry stoper-drill holes drilled across the major seams at 2.5-foot
intervals; (3) samples of broken ore taken as the cars vvere loaded when
driving the drifts; (4) a few check samples of 6 to 8 tons of ore shot down from the
back of drifts over a length of 25 feet and carefully quartered down; (5) one 1,500
ton sample mined from a narrow shrinkage stope and put through an automatic
sampler at the mill. This stope was sampled at the same tilne by the other meth
ods. The conclusion reached was that the churn-drill samples were accurate,
the stoper-drill samples the lnost accurate samples for slnall drifts, and the chan
nel-sanlpling average 13 percent too high.

SAMPLING WITH CORE DRILLS

The advantages of obtaining core samples that provide a visual
record of the rocks and ores sarnpled and at the same time furnish
samples for assay have been pointed out under the caption Exploration
by Drilling. The diamond drill, which employs either carbons or
bort as cutting media, has been the type of core drill most widely
employed in metal mining, largely because it will cut the hardest rocks;
it can be used to drill at any angle from horizontal to vertical, up or
down.

TIle shot drill has been used chiefly in obtaining cores of formations
at dam sites, testing building foundations and the like, and sampling
flat deposits of industrial minerals, where holes drilled vertically
downward will provide tIle desired information. The shot drill has

37 Netzeband, W. F., Method and Cost of Mining Zinc and Lead at No.1 Mine, Tri-State Zinc and Lead
District, Picher, Oklahoma; Bureau of Mines InL Cire. 6113, 1929, 11 pp.

38 Keener, Oliver W., Method and Cost of Mining at Barr Mine, 'rri-State Zinc and Lead District: Bureau
of Mines Inf. Circ. 6159, 1929,9 pp.

39 Joralemon, Ira B., Sampling and Estimating Disseminated Copper Deposits: Trans. Am. Inst. Min.
and Met. Eng., vol. 72,1925, pp. 611-612.

40 Maclennan, F. W., Miami Copper Company Method of Mining Low-Grade Ore-Body: Am. Inst. Min.
and Met. Eng. Tech. Pub. 314. 44 pp.; also 1930 Yearbook, p. 40.
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been used extensively together with churn and diamond drills for
sampling oopper deposits in northern Rhodesia. 41

With lOO-percent core recovery the core will comprise an accurate
sample of the ore penetrated. This does not imply that its assay
value will be that of the ore at 5 feet or other distance frOIn the hole;
and, as with other types of samples, the results are reliable for estima
tion of ore grades only as cores are obtained at enough properly dis
tributed points in the ore body to give an average value that approxi
mates the average of the entire ore body. As the percentage of core
recovery diminishes, the diameter of core varies, and other irregular
ities occur, the assay results become less reliable.

In soft or fractured formations, pieces of core are likely to break
off and be ground by the sludge; the core often will be appreciably
smaller in diameter in soft layers of rock than in hard layers, and there
fore the core sample will contain proportionately less soft material
than hard, whereas the sludge will contain more. If, as often hap
pens, the softer material is appreciably higher or lower in grade than
the harder material, the core assay will be correspondingly too lo,v or
too high. In soft or broken ground, a double core barrel usually will
obtain a higher core recovery than a single core barrel.

In soft ground, the outside diameter of the hole may be larger than
in hard ground, and the volume of the sludge sample will therefore be
greater (assuming that all of it is caught).

When core recovery is low it usually becomes necessary to assay
both the core and the sludge from each sample depth and to combine
the results in order to approximate the actual value of the material
cut by the drill. Mathematical methods based upon the relative
volumes or weights of core and sludge and the assay values have beell
worked out for combining the results of core and sludge assays. In
the opinion of the authors, some of these methods are more refined
mathematically than usually is warranted by the approximations of
some of the factors entering into the equations. Thus, the total over
cut of the drill in soft ground would be determinable from the weight
and volume of the sludge, but there is no way of determining whether
the overcut is uniform over the full length of the sample or is princi
pally from one small section that may be very much higher or lower in
grade than the rest. lTurthermore, there is no definite way of deter
mining whether all the sludge has been recovered or whether some of
it has been lost in cracks and crevices in the wall of the hole. If some
has definitely been lost, the question remains as to whetller the lost
material carried a higher or lower percentage of valuable material
than did the part recovered in the sample.

In diamond drilling, the drilling water is circulated down the drill
rods, out the bottom, and up along the outside of the rods. In some
recent models this direction of circulation has been reversed to impart
maximum velocity to the rising current that carries the cuttings.
This causes the sludge to be classified, the lighter particles rising read
ily to the surface with the water and the heavier particles lagging
bemnd and perhaps coming to rest on a rough spot or in a crevice in
the wall of the hole. With churn drilling, on the other hand, the

41 Matson, H. T., and Wallis, G. Allan, Drill Sampling and Interpretation of Sampling Results in the
Copper Fields of Northern Rhodesia; Trans. Am. Inst. Min. and Met. Eng., General Volume, 1931,
pp.66-82.
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sample becomes well mixed, and for this reason churn-drill sludge
samples may be more reliable than core-drill sludge samples.

In view of the above uncertainties, which constitute only a few of
the variables that must be considered, it is apparent that reliable
interpretation of results depends on good judgment based on close
observation of all abnormal occurrences in the taking of each sample,
especially when only a small amount of core is recovered. A method
of combining core and sludge assays that gives good results in one
kind of ground might not apply to ground in which conditions are
different. In ore of uniform grade and with even distribution of ore
minerals throughout the gangue matrix, the sampling errors due to
loss of core or caving obviously are not as serious as where mineraliza
tion is erratic and the grade varies widely from one point to another.
Methods of combining core and sludge assays will be discussed briefly
in a later section of this bulletin, but the foregoing has been introduced
at this point to emphasize the necessity for care in collecting the sludge,
especially where core recovery is poor, and in noting and logging
everything unusual that may take place during the drilling and re
moval of each sample from the hole, so as to throw light upon the
reliability of the assays later on.

Prior to drilling out of a sample the hole must be pumped clean of
cuttings from previous runs and the depth at which drilling is resumed
must be checked to make sure the bit is on the bottom of the hole.
If the hole is caving, it may be necessary to case it to a point below the
caving section. (If caving is anticipated, it is well to start with a
large bit to permit casing and then to drill through the casing with a
smaller bit.) It is then necessary to check the amount of water issuing
from the hole with that being pumped in to determine whether an
appreciable quantity of water is being lost. In fractured ground,
very little of the water, or even none, may return, in which case it
becomes necessary to cement the hole to close the fissures in the rock
responsible for the loss of water. In Northern Rhodesia, holes were
'cemented if loss of water exceeded 5 percent.

When drilling is begun the return water is diverted to suitable
boxes, launders, or barrels, where the cuttings are caught and the
clear water is allowed to overflow.. The simplest and perhaps most sat
isfactory device consists merely of a number of barrels, each provided
with a number of bungs at different heights. As soon as the first
barrel is filled, the sludge is diverted to the next, and so on. When all
the cuttings have settled, the clear water is drawn off through the bungs
and the sludge is collected in one sample for each run. A more elab
orate arrangement, which was used with success in Northern Rhode
sia, is shown in figure 5. This is suitable for surface drilling and deep
holes where the cost of its installation is warranted. A simpler device
and one widely used is a box 12 to 18 inches wide, 6 to 10 inches deep,
and 4 to 10 feet long, divided transversely by two or more baffle
plates, behind which the sludge settles and is caught. The discharge
from the casinghead is diverted into the upper end of the box and the
water overflows the lower end.

When the desired depth has been drilled the drill is stopped, and
full pressure is put on the pump (when a pump is used instead of
gravity head) to obtain as rapid circulation of water as possible in
order to remove not only the light and fine material but the heaviest
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cuttings as well. The water is circulated until it comes uP. clear and
free from cuttings. The depth to the bottom of the hole IS checked
on the drill rods and the core is broken off and pulled. The pieces
of core are removed from the core barrel and arranged in a core box
in the order in which tlley were taken from the hole. The top and
bottom depths of the sample are then ma.rked on the box opposite
the corresponding ends of the cores. \Vllen core recovery is incom
plete the length of the core will be less than the depth drilled. The
pieces of core are measured along their centers and the sum of their
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FIGURE 5.-~Iethoclof catching churn-drill sludge. (From Am. Inst. ::\Iin. and Met. Eng. Tech. Pub. 373.)

lengths will approximate the length of core recovered. In solid,
hard ground, the measured lengths rnay be accurate.

TIle eores should be inspected and the mineralogic and geologic
information they reveal should be logged carefully by a competent
geologist or engineer.

ACCURACY OF DIAMOND-DRILL SAMPLES

The foregoing makes it apparent that the accuracy of diamond
drill samples vaTies greatly and depends on a number of factors.
vVhere the are is fairly uniform in grade, core recovery is high, and
cores are uniform in diameter core assays in general are very reliable.
\Vhere core recovery is low and assay results correspondingly doubt
ful the core obtfiined may nevertheless furnish valuable structural
and other geological information. Where mineralization is erratic,
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as is true of most gold ores, core assays are often only indicative and
are not trustworthy as a basis for estimating the grade of ore reserves.

Under most conditions, diamond-drill sampling is at least as
accurate as other methods of drill sampling, and under conditions
favoring use of the diamond drill, it is the most nearly accurate
drillillg method.

In the Southeastern 11issouri district, where galena is finely dis
seminated in limestone but favors shaly layers and is much more
friable than the limestone, diamond-drill samples are accurate. One
company in this district assays only the sludge and retains the cores
for reference, whereas another company bases its estimates on core
assays and only assays the sludge as a check. Both report reliable
results, which illustrates the point previously made that when the
ore mineral is finely disseminated in the gangue and the ore is of low
or modera,tely low grade, the reliability of samples is not seriously
affected by disproportionate amounts of sludge and core, core and
sludge assays being virtually the same.

SAMPLING WITH HAMMER DRILLS

The use of hammer drills for obtaining samples in underground
work has increased in recent years. This method has advantages
where h.oles are short, ground conditions preclude the use of diamond
drills, satisfactory core recovery is impossible, or sludge samples are
accurate enough for the purpose in view. Holes may be drilled at all
angles from horizontal to vertical, up or down, but best results
usually are obtained with holes drilled above the horizontal. The
sanlples are small sludge samples, and previous statements concerning
churn drilling are applicable here. Due to t1le smaller size of the
holes in test drilling, the results of caving may be more pronoullced
than with churn drilling, especially as test holes seldonl are cased.

Test-hole drilling with ordinary harnmer drills is employed to c1leck
cut, channel, and grab samples or as a substitute therefor and is
especially useful for obtaining samples of ground 5 to 20 or 25 feet
beyond existing faces, particularly where ore boundaries are grada
tiona.! or small seams of are diverge from the main vein for short
distances. Longer 1101es, up to over 250 feet, are drilled with heavy
nlfl,chines, as previously mentioned, as a substitute for diamond
drilling where conditions are such that core recovery would be
unsatisfactory.

The usual practice is to take fl, separate sample for each change in
the formation or in the character of ore. These salnples may be
accurate unless lax methods are employed for collecting the sludge as
it issues from the drill hole. If only structural information is desired,
refinements in collecting the sanlples are not important; but if samples
are desired for assay, it pays to take pains to assure collection of all
the sludge and to prevent loss of slinles in the overflow from the col
lecting receptacle. The reliability of the salnples will depend largely
on the care taken in collecting the cuttings; and, as stated previously,
it is better to take no samples at all than to be misled by faulty ones.

Drilling is done either wet or dry. When drilling is done dry, the
samples may be caught in canvas bags fastened around the collar
of the hole with the drill steel passing through an opening in the side
of the bag. Open receptacles are sometimes employed, but loss of
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fine particles in the air may seriously affect the reliability of the
samples.

When drilling is done wet, the samples are caught in boxes or cans
placed on the ground below the hole, in small pans held below the
collar of the hole by a helper, or in sludge boxes equipped with baffle
plates for retention of the sludge. It is not always easy to place these
receptacles so as to catch all the sludge, and with either small cans or
boxes the overflow water may carry away slimes because of incom
plete settling. By drilling a short hole with a large bit, sealing a pipe
in the hole, and then drilling through the pipe with smaller bits, all the
sludge usually can be caught and diverted to the settling device. A
more elaborate method, which may be warranted when drilling deep
holes, is shown in figure 6. As in churn drilling, it is important to

FIGURE 6.-Method of catching hammer-drill sludge.

provide ample settling time to collect the slimes with the sample,
especially if there is an appreciable difference between the assay value
of the fine and coarse cuttings, as often there is.

ACCURACY OF HAMMER-DRILL SAMPLING

In this connection, some results reported by operators doing ham
mer-drill sampling are of interest.

At the Teck-Hughes mine,42 Kirkland Lake, Ontario, 5-foot holes
are drilled in the sides of the drifts at lO-foot intervals to test the walls
and assist in keeping the faces in the best ore. The veins or lenses
occur in shear zones in acid syenite, porphyry, and basic syenite, cut
by parallel fault planes. The samples are accurate enough to be used
in conjunction with cut samples in preparing assay plans upon which
ore-reserve estimates are based.

At the Pilares mine 43 the ore mineral is principally chalcopyrite,
which occurs as open-space filling in brecciated latite, andesite, and
monzonite porphyry. The sides of drifts and raises are sampled by
test-drilling with dry stoper drills, drilling holes 5 feet deep. The

42 Henry, R. J., Mining Methods and Costs at the Teck-Hughes Gold Mines (Ltd.), Kirkland Lake,
Ontario: Bureau of Mines Inf. Circ. 6322, 1930, pp. 2-3.

43 Leland, Everard, Mining Methods and Costs at the PHares Mine, PHares, Sonora, Mexico: Bureauo[
Mines Inf. Circ. 6307, 1930, pp. 6-7.~
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average grade of ore blocks is estimated by averaging the assays of tIle
dry-stoper samples, and for several years the grade of ore delivered to
the mill very closely approximated the estimated grade.

Maclennan 44 states that at Miami, where the copper minerals occur
finely disseminated in schist, "stoper-drill samples [are] the most
accura,te samples for drifts."

At Fierro, N. Mex./5 deep-hole prospect drilling was used for a
time, but the cost was higher than for diamond drilling and the in
formation obtained was not as reliable. Holes up to 20 feet long con
tinue to be used in stopes, raises, and drifts for exploration and sam
pling purposes, and the grade of the ore cut is estimated from the sam
ples. The iron ore occurs as a replacement of limestone beds.

The long-hole drill has been used for underground prospecting in
the Tri-State district for several years. The practice in this district
has been described by Netzeband.46

The zinc and lead minerals occur in zones of shearing, shattering,
and brecciation in limestone beds, particularly where there has been
considerable silicification of the original beds. Drilling is done wet,
and the cuttings are diverted into a powder box by a spout. The
experience in this district, according to Netzeband, has been that no
great reliance can be placed on assays of the cuttings, though this may
be due in part to the lack of close supervision of the sampling by com
petent observers.

At Gilman, Colo., drill cuttings from each 6 feet of hole are caught
in a powder box,47 from which a sample of the sludge is cut from top
to bottonl. The ore is of a grade that does not necessitate close
sampling and is so friable that the sample is usually contaminated.
A composite assay of the sludge from an entire hole is regarded as
accurate enough, however, to be used in ore-reserve calculations.

At Edwards, N. Y., prospect drilling with hammer machines is
a regular feature of routine exploration work. 48 Here, zinc ore occurs
as a sulfide replacement of silicified, folded dolomite beds. The sludge
from the holes is assayed, but, since the ore minerals are very brittle,
the samples are salted and generally assay about 25 percent too high.

In general, it may be said that where the ore minerals are not friable
and have about the same toughlless and hardness as the gangue or
are disseminated in small particles uniformly through tIle matrix,
hammer-drill samples may be accurate if precautions are taken to
catch and settle all the sludge. If the ore minerals are brittle, occur
in layers or bands, and are of very different hardness than that of the
gangue, assay results will be high, due to salting. In such cases, an
inch of rich ore cutting across the hole may salt several feet of sample
or even the whole sample beyond the rich section. Even in such
in.stances, however, samples may be valuable as indicative of mineral
ized formation if conditions are understood and too much reliance is
not placed on tIle assay returns.

44 Maclennan, F. W., work cited in footnote 40 (p. 39).
45 Kniffin, Lloyd M., Mining and Engineering Methods and Oosts of the Hanover Bessemer Iron & Oop

per Co., Fierro, N. Mex.: Bureau of Mines Inf. Circ. 6361, 1930, PP. 5-6.
46 Netzeband, W. F., Prospecting with the Long-Hole Drill in the Tri··State Zinc-Lead District: Min. and

Met., vol. 11, June 1930, pp. 295-296.
47 Lary, Howard N., Exploration Methods and Costs at a Colorado Zinc Mine: Eng. and Min. Jour., vol.

132, No.8, Oct. 26, 1931, pp. 353-355.
48 Knaebel, John B., Mining Practice at the Edwards Mine of the St. Joseph Lead Co., St. Lawrence

County, N. Y.: Bureau of Mines Inf. Oirc. 6586, 1932, pp. 6-7.
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FACE SAMPLING

Face sampling is the cutting of pieces of ore and rock from exposed
faces of ore and waste. The faces may be natural outcrops or faces
exposed in surface trenches and pits or in the backs, walls, and floors
of development openings and stopes. Face samples may be taken
(a) by cutting grooves or channels of uniform width and depth across
tIle face or sections of the face or (b) by picking off small pieces all
over the face, more or less at random. The former method is the more
systematic, and altllough ordinarily it is the one that is employed
when accuracy is desired, pick sampling may sometimes be as accu
rate, or more so, depellding on conditions.

WIlichever method is used, the face should be properly prepared
before actual taking of the samples is begun. Good preparation
involves tIlorough cleaning of the face to remove adhering particles of
dirt and ore minerals, and frequently some smoothing off is required
to relnove loose slivers and lumps or sharp projections of solid rock
and ore. Washing with water under pressure generally ,viII remove
adhering particles, but in SOlne instances this Illay have to be supple
mented by scrubbing \vith a stiff brush, pa,rticularly if the face is a
floor.

In channel saInpling, the object is to cut a channel of uniform width
and depth across the face in order to obtain in the samples equal weights
of nlaterial froIn equal lengths cut. 'I'his objective can only be approx
imated in actual practice, but when a large number of samples is
taken, errors usually are compensating if each sample is so taken as
to approach the ideal as nearly as possible.

The weight required from each inch or foot of channel \vill depend
on the uniformity of Inineralization, the size of the mineral particles,
and the richness of the ore; the less erratic tIle mineralization, the
smaller the particle size, and the lower the grade the smaller the
weight necessary to give a satisfactory sample. The length of each
sample cut is carefully nleasured and recorded. Usual practice is to
take about 1 to 2 pounds per linear foot of cut, although in very hard
ground it may be difficult to reach this minilnum. Sometimes con
siderably larger weights are required to obtain reliable samples.

In hard ground channel samples usually are cut by hand with
hammer and moil, but sometilnes with moils fitted to a, light llammer
drill. In soft ground they may be taken \vith a sample pick. The
channel should be marked on the faee with a crayon or lamp black
before stuTting to cut the sample.

Various devices have been employed to catch the cuttings, such as
bags held open by a nletal ring aIld fitted witll a handle, but the usual
practice is to spread a tightly woven, smooth-faced square of canvas
or other Illaterial on the ground below the point being sanlpled. In
cutting samples from hard ground, it is often difficult to catch flying
chips in this manner, and Illaterial belonging in the sanlple mRy be
lost unless great care is exercised. Obviously, this loss may be reduced
by using larger squares of canvas.

In channeling bedded or banded deposits, the long dimension of the
channel cuts should be at right angles to the banding (see fig. 7, A),
and usually it is desirable to sample each band or bed separately unless
the hardness and the mineralization are uniform. If there are bands
of decidedly different hardness or tougllness, the material from each
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band should constitute a separate sample, because it is practically
impossible to obtain equal weights per unit of length from each band.
With erratic mineralization, it is usually best to limit the lengths of
individual samples to 4 or 5 feet. In sampling gold ores, the usual
practice is to exclude all particles of visible gold from the sample.

In sampling drifts, crosscuts, and raises, it is common practice to
cut a channel sample or set of channel samples at regular intervals of
5, 10, or 25 feet along the opening, depending on the uniformity of the
ore. A regular measured interval between sampling points should be
used to eliminate the human equation in selecting them. Incidentally,
a regular interval simplifies calculation of the grade of ore reserves
later on.

Pick sampling consists of chipping off pieces from points well
scattered over the face. The ideal method would be to divide the
face into measured squares and take a chip from eacll common corner,
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FIGURE 7.-Examples of face sampling. A, Channel sampling; numbers indicate separate samples 3 and
5 averaged for high-grade band. B, Pick ("chip") sampling; numbers indicate separate samples.

but such a refinement probably is rarely justified since in any event
it is very difficult to obtain equal weights of IIlaterial frolIl the different
points. In banded faces, pieces Inay be cut at points as shown in
figure 7, B, the chips from each band constituting a separate sample.

Althougll chip salnpling is not usually considered as scientific and
accurate as channel sampling, it may give very reliable results in
some ores.

ACCURACY OF FACE SAMPLES

Channel sampling probably is the Inethod most widel:y· employed in
mine-examination work, and it may be inferred from this tllat, broadly
speaking, experience llas demonstrated it to be the nlost accurate
under the widest range of conditions. There are exceptions to this,
however, as at Miami, where it has already been noted that channel
samples return assays that average 13 percent too higll, whereas
stoper-drill samples are more accurate.

A few typical examples of face-sampling practice and the results
obtained are summarized below.



48 METAL-MINING PRACTICE

At the Hollinger mine, Timmins, Ontario, the grade of ore reserves
is estimated principally from assays of channel samples. 49 The gold
ore occurs in vein systems related to definite fractures ,vithin a main
shear zone in schisted lavas intruded by masses of quartz porphyry.
A crew of 45 men in charge of a head sampler is employed in under
ground sampling. A sampler will cut an average of 40 to 45 feet of
channel in a shift. Routine channel samples are cut from all develop
ment and stope faces after each round, with check samples across the
backs of development headings and slashes when required. The
samples are cut with hammer and moil and are caught on canvas;
about 1 pound of sanlple is obtained per linear foot of channel.
Samples are cut normal to the banding; and each separate band,
whether it be ore or waste, is sampled separately, its length being
measured for proper weighting when results are combined. Over
breaks into waste in the stopes are sampled likewise, to provide a
basis for estimating the average grade of all rock broken. All erratic
high assays are cut arbitrarily to $50 before they are entered in the
calculations. A high degree of precision is indicated by the experience
over a long period of years, as shown by the following figures:

Tons milled_ _________________ __ _____________ ____ 27, 500. 000
Value as estimated from sampling $208,071,740
Value actually in mill feed_ _____________ __________ _ $206, 465, 707
Difference:

Total________ _ _ __ __ __ $1,606,033
Per ton ______ ___ _________________ __ $0. 06

Channel samples froln developInent headings average 12 to 20 per
cent higher than the ore actually stoped, but this is due to dilution in
stoping, the fact that the drifts usually are kept in the best ore as far
as possible, and to the deliberate mining of some ore of marginal
grade.

At the 'reck-Hughes mine in the Kirkland Lake district, Ontario,
all development faces, drift backs and crosscuts, and stope breasts
and backs are channel-sampled. High-grade streaks and bands of
different hardness are sampled separately, as are bands of wnste.
Test holes are drilled into the walls, and the sludges from 2-foot sec
tions are collected and assayed. The channel samples over a large
area have averaged about 10 percent lower than the actual value.
Visible gold is rejected from the samples before assaying.

At the Wright-Hargreaves mine in the Kirkland Lake district all
faces are pick-sampled after each round is blasted. 50 Pick samples
are taken (fig. 7, B) across each band, the material from each band
constituting a separate sample. The width of each band is measured
normal to its dip, and the widths aTe used for weighting the values in
estimating the average, grade of the face. This method has been
found to check very closely with results frOIn regular channel sfunples.

Bradley has given some results of moil samples of gold ores from
the Alaska-Juneau mine in Alaska. 51

4g Ringsleben, William C., Geology [Hollinger Consolidated Gold Mines, Ltd.], Canadian Min. Jour.,
September 193fi, pp. 364-372. Irving, Andrew Gordon, Mine Surveying [Hollinger Consolidated Gold
Mines, Ltd.], Canadian Min. JOUf., September 1935, PP. 402-403.

50 Jackson, Chas. F., and Knaebel, John B., Sampling and Estimation of Ore Deposits:Bureau of Mines
Bull. 356, 1932, pp. 80-81.

51 Bradley, P. R., Estimation of Ore Reserves and Mining Methods in Alaska-Juneau Mine: Trans. Am.
Inst. Min. and Met. Eng., vol. 72, 1925, pp. 103-109.
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Length of
sections,

feet

49

Average assay Mill returns,
of moil free gold
samples plus tails

Crosscut 1 _
Crosscut 2 _

571
784

$0. 4~~9

.943
$1. 012

.997

Methods of sampling at the Lucky Tiger mine, Sonora, Mexico,
have been discussed by Mishler and Budrow. 52 The vein occurs
along fractures in volcanic rock and the ore is narrow (1.1 to 1.9 feet,
average). Stoping width averaged 3.4 feet. The ore was a high
grade silver ore with some gold associated with sphalerite, galena,
pyrite, chalcopyrite, tetrahedrite, and stromeyerite ill a gangue of
kaolinized or silicified rhyolite. "-

All drifts, raises, arid \vinzes were sanlpled at 5-foot intervals, each
sarnple across the back was divided into as many samples as th.ere
were varieties of ore and waste, and tIle exact width of each was noted.
Backs of stopes were sampled in the same manner. Following are
some results of sampling along the Tiger vein. Odd-numbered
samples were on one side of the drift and even-numbered samples on
the opposite side.

Level

7 _
8 _
9 _
10 _

Total _

Average of assays,
ounces silver per ton Odd and

Number of even nUill- Error,!
assays bers percent

Odd num- Even num-
bers bers

---

428 35.4 41. 4 38.4 7.8
368 34.3 31. 9 33. 1 3.6
288 36.0 42. 3 39.2 8.0
232 32.0 39. 7 35. 9 10.6

--------------------
1,316 34.7 38.6 36.6 ,5.3

! Assuming that the average, 36.6 ounces, was correct.

Over a period of 14 years, estimates of ore reserves based on sam
pling averaged 34.0 ounces silver per ton, whereas the ore mined
during the same period averaged 37.1 ounces.

The following is abstracted from a discussion of sampling at the
United Verde mine by Quayle. 53 Faces usually are sampled either by
chipping with a pick or, less commonly, by cutting channels. The chips
are taken in four lines across the face for the width of the sample. 'I'he
average sample weighs about 4 pounds, and individual pieces have a
maximum diameter of 1 inch. A sample covers a width of 5 feet, and
the height averages 7 feet. A stope sample of a face after a 6-foot
round has been blasted represents about 20 tons of ore.

Sampling errors vary with the type of ore. In massive sulfides, the
ore mineralization is uniform, and the error is very low--the samples
average about 2 perceIlt too high. In schist and porpllyry ores, the
occurrence of the ore minerals is very erratic, and the sampling error

52 Mishler, R. T., and Budrow, L. R., MethodS of Mining and Ore Estimation at Lucky Tiger Mine:
Trans. Am. lnst. Min. and Met. Eng., vol. 72, 1925, pp. 469-484.

53 Quayle, T. W., Mining Methods and Practices at the United Verde Mine, Jerome, Ariz.: Bureau of
Mines Inf. Oire. 6440, 1931, 31 pp.
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has ranged from 8 to 20 percent. For 1928 the average error for all
classes of ore between the stopes and the smelter was 5 percent.

The foregoing examples indicate roughly the degree of accuracy
that rnay be achieved by face sampling. Unfortunately, the published
data on the accuracy of this method of sampling are limited. There
are many articles describing face-saInpling practice, but in rnost in
stances the accuracy is not indicated either because the samples are
used for stoping-control purposes or for direction of developmen t
work only, and waste faces, rock froln which is mixed with ore going to
the Il1ill, are not sHJnpled. 1:'hus, the dilution in stoping is not measur
able, and there is no check between the Illine and rnill sarnpling. In
other \vorcls, the rock going to the lllill is not tlH~ sarne as that saIllpled
in the Inine. Many base-Illetal ores are readily distinguishable frOIn
the \VHsto rnateria.l by their appearance, and no cut sanlples are taken
in the stopes. Where ore and waste eannot be distinguished readily,
as is the ca,se \vith Inost gold ores, many oxidized base ores, and some
pyritic copper ores, channel or pick sarnpling provides a, very satis
factory method of stoping control and is employed widely for this
purpose; but unless the \vaste faces as well as the ore faces broken in
stoping are sampled, no check between mine and mill sampling is
possible.

In calculating the grade of ore reserves, the engineer often must base
his estimates solely or largely upon face-sampling of development
openings and must make allowances for dilution in stoping and for
other factors.

At the Ground Hog mine 54 channel samples are cut with hammer
and moil 3 inches wide and about 1 inch deep across the vein at fj-foot
intervals. TIle raises are not sampled. Experience indicates that
estilnates based on these samples are too high in grade and too low in
tonnage, because the Stl blevels are driven close to the hanging wall,
where the grade of the ore is higIlest, whereas in stoping considerable
lo\v-grade ore is mined from the footwall side. About 25 percent more
ore is mined than is estimated, and the grade is correspondingly lower.
The ore contains silver, copper, lead, and zinc.

At the Verde Central mine,55 face samples are taken of all drifts
and raises as they advance. Channels are cut across the vein at the
back of the drift at 10-foot intervals, and raises are saInpled in the
same n1anner. Channel samples are taken by hand with moil and chisel
or \vith a stopeI' machine. Dilution factors employed in estimating
grade of ore depend on experience and usually are greater for narrow
than for wide stopes.

In one stope 5 feet wide the factor was 20 percent, whereas in another
20 feet wide and having good walls it was 5 percent. In one 15 feet
wide, wherein andesite dikes made up about 10 percent of the area, a
factor of 25 percent was employed. Chalcopyrite is the chief valuable
mineral, and it occurs with quartz and pyrite in lenses in a larger
mineralized zone.

At the Vipond mine,56 where gold occurs in quartz veins and irregu
lar masses of mineralized schist impregnated with quartz, channel

54 Richard, F. ,\., Mining Methods and Costs at the Ground Hog Unit, AS,HCO Mining Co., Vanadium,
N. Mex.: Bureau of l\1ines InL Cire. 6377, 1930, p. 4.

55 Dickson, Robert II., ::\Iethods and Costs of Mining Copper Ore at the Verde Central Mines (Inc.),
Jerome, Ariz.: Bureau of Mines InL Cire. 6464, 1931, pp. 3-4.

56 Dye, Robert E., Mining Practice and Costs of the Vipond Mine, Timmins, Ontario: Bureau of Mines
Inf. eire. 6525, 1931, 11 pp.
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samples cut from each working face in development headings and
stopes were used for control of stoping and direction of development,
whereas grab samples from muck piles were used as a basis for ore
reserve estimates.

At Elkoro,57 development headings were sampled after each round
by cutting channels across the faces or backs. In stopes, cuts compris
ing three to five samples were made across the entire stope at intervals
of 5 feet throughout its length. The grade, as estimated from the
development samples, averaged about 17 percent high, owing largely
to dilution in stoping. The valuable metals are gold and silver, which
occur in veins with sulfides, quartz, and adularia.

In general, face samples may be said to afford a method of sampling
within the range of accuracy required for control of stoping operations
and direction of development headings, and when carefully done give
a basis for estimating grades of ore reserves when proper allowance is
made for dilution in stoping and for other experience factors.

GRAB SAMPLING

Grab sampling usually consists in taking portions of ore at random
from muck piles, chutes, or the tops of cars of ore. When done in this
manner it is a haphazard method that can be relied upon only for
roughly approximating the grade of the ore and often is employed
merely for that purpose. The human factor or tendency to select for
the sample too large a proportion of the best-looking pieces of ore,
pieces of convenient size, or only the fines is more inherent in the
application of this method than in other methods of sampling. Data
on results of grab sampling at many mines indicate that usually they
are too high.

The authors are of the opinion, however, that if grab sampling is
done as systematically and with the same care commonly exercised in
channel sampling, equally reliable results may be obtained, especially
with ores of certain types. There are some ores in which the valuable
minerals are contained almost entirely in rich patches or bunches in
almost barren rock, like plums in a pudding, and that cannot be sam
pled accurately by channeling but that can be sampled with a fair
degree of accuracy when broken by taking grabs from many points to
form large samples.

As with other methods of sampling, the degree of refinement war
ranted by the purpose and cost of sampling should be considered.

The errors inherent in haphazard grab-salnpling may be reduced by
taking large samples-l shovelful out of every 5 to 10 (or other pro
portion, depending on the nature of the ore and size of the individual
pieces)-during loading into cars, or by using a scoop and taking one
scoopful of ore from points equally spaced, by actual measurement,
over the top of the pile (fig. 8). A convenient way to spot the points
on a muck pile is to use a rope with knots or metal tabs at I-foot inter
vals and stretch the rope across the pile on parallel and equally spaced
lines. At each knot or tab, one scoopful should be taken for the
sample. If the knot falls on a lump larger than the scoop will hold, a
piece equal to a scoopful should be broken off under the knot with a
hammer. This method may also be used for sampling loaded cars of

57 Park, John Furness, Mining Practices, Methods, and Costs at Elkoro Mines, Jarbidge, Nev.; Bureau
of Mines Inf. Circ. 6543, 1931, 12 pp.
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ore, and when so employed samples should be more reliable when
taken from the freshly loaded car before it has been trammed or
hauled a long distance with resultant settling of the fines.
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FIGURE 8.-Grab sampling, showing equal spacing of sampling points on muck pile.

Either of these methods largely eliminates the human factor in
grab-sampling by making it systelnatic, and although the samples of
individual piles or lots of ore Inay be high or low, errors will become
compensating as more and more lots are sampled in the same syste
matic manner.
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ACCURACY OF GRAB SAMPLES

53

Grab-sampling usually is employed where a high degree of accuracy
is not expected, for control of breaking in stoping and drifting, as a
checl{ against channel or drill-hole samples, for determining the ap
proximate grade of ore from individual stopes or chutes, or as a general
check on the grade of mill heads.

At the Vipond mine, Timmins, Ontario, only 58 a very small propor
tiOIl of the gold is visible, by far the greater part being finely dissemi
nated throughout the Inass and favoring the pyrite, quartz, and schist
in the order named. Diamond-drilling, channel-sampling of develop
ment faces and backs, stope faces and backs, and grab-sampling of the
broken ore at each working place (stope or drift) all were employed.
Grab samples consisted of a handful of fines from each car as it was
loaded, and although this method is crude and day-to-day samples
varied considerably, the results obtailled were much more valuable in
regulating the mill feed and indicating the grade of ore currently being
obtained from various working places. The value of the ore milled
during 1930, as calculated from the muck-(grab-) sample assays, was
4.8 perceIIt below actual mill recovery plus tailing loss.

At the Wright-Hargreaves rnine in the Kirkland Lake (Ontario)
gold district, grab sarnples from muck piles arId cars raIl 30 to 40
percent high.59

At the Douglas Island lnines (Alaska), Bradley 60 has summarized
the experience \vith grab sanlples over a period of years as follows:

Average assay Recovery plus
of muck sam- tailing

pIes

Tread"veIl mine (17 years) _
700 mine (14 years) _
Mexican mine (16 years) _
Ready Bullion mine (15 years) _

$2. 37
2. 20
2.88
2.72

$2. 47
2. 33
2.83
2. 24

Jones 61 has stated that in the Cripple Creek (Colo.) district grab
samples taken from chutes (a handful from each car trammed) run 20
percent higher in value than tIle settlement value of the ore.

In the Mogollon district, New Mexico, gold-silver ore occurs in
veins in a gangue of quartz, calcite, wall-rock fragments, and some
fluorite. According to Kidder 62 j a grab or "scale" sample was taken
from each car as the ore was trammed to the mill and a composite
sample made for each shift. At the end of the month the calculated
average of scale samples was checked against the chute samples taken
underground and against the average mill heads (calculated from pro
duction plus tails). On account of the slightly higher assay value of
the fiIles in the ore, the average mine and scale samples usually were

58 Dye, Robert E., Mining Practice and Oosts of the Vipond Mine, Timmins, Ontario: Bureau of Mines
Inf. Oirc. 6525, 1931, pp. 3-4.

59 Jackson, Ohas. F., and Knaebel, John B., Sampling and Estimation of Ore Deposits: Bureau of Mines
Bull. 356, 1932, pp. 80-81.

60 Bradley, P. R., Estimation of Ore Reserves and Mining Methods in Alaska Juneau Mines: Trans.
Am. Inst. Min. and Met. Eng., vol. 72, 1925, p. 104.

61 Jones, Fred, Mining Methods in the Oripple Oreek District: Trans. Am. Inst. Min. and Met. Eng.,
vol. 72, 1925, pp. 512-517.

62 Kidder, S. J., Mining Methods in Mogollon District, New Mexico: Trans. Am. Inst. Min. and Met.
Eng., vol. 72, 1925, pp. 529-549.
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slightly higher than the mill-head sample. The annual average,
however, seldom showed a variation of more than 10 percent, com..
pared with the mill heads, and generally agreed within 3 or 4 percent.

Catron 53 states that at the Colorada mine, Cananea, Mexico,
results from grab samples taken from cars as they reach the station
check the returns frorn the mill and smelter sample plants closely
enough for purposes of control of production.

At the United Verde mine,64 samples of broken ore in the stopes or
car or chute samples were necessary. It was determined that for such
sampling, the proper-size pieces to choose were 3X inches in all
dimensions. Several ears of ore of approximately 1 ton eacli were
chosen from various localities and sorted by hand into different
sizes-minus 1 inch, plus 1 minus 3 inches, plus 3 minus 5 inches,
plus 5 minus 7 inches, plus 7 minus 10 inches. Each size was weighted
and assayed and the average assay determined for each caT. It was
found that the assay of the plus 3- minus 5-inch size was nearest
that of the \vhole Cttr, and tIle plus 1 minus 3-inch size second best,
from which it was deduced that the proper size to choose must be
slightly over 3 inches in diameter.

At the Eighty-Five mine, Valedon, N. Mex., mine samples (of
copper ore) were generally 10 to 15 percent higher-grade than smelter
samples. 55

At the EIPotosi mine, Chihuahua, Mexico,65 experiments have
proved conclusively that at this property the easiest and most
efficacious method of sampling for general mining control is to take
hand-grab sarnples from mine cars. The difficulties inherent in grab
sampling ores cn,rrying appreciable lead values in the form of galena
are recognized. "Daily assays are made for silver, lead, and zinc, and
the results are adjusted by predeterlnined factors for the three metals.
The factors are obtained by cornparing the weighted average of all
assay returns during the month with the average mill heads, which
are obtained from weightmeter and autolllatic samplers. Thus,
comparisons may show mine-car sarnples to be 12 percent high in
silver, 20 percent high in lead, and 5 percent low in zinc. For the
following month the mill assayer applies these percentages as correct
ion factors to the mine-ear assays.

CUTTING DOWN SAMPLES

Before assaying, original salnples must be cut down, often in
several stages. Each cut involves, in effect, the sampling of a sample,
the final portion comprising only the ore that actually goes into the
crucible or flask and upon which the actnal determinations are made.

In cutting down samples to reduce the bulk to the final amount
required for assay, it is important to observe the general principles
already mentioned regarding particle size, richness of the ore, and
uniformity of Inineral distribution in relation to the size of the sample
and of the cuts made. Thus, it may be necessary to reduee the paT
ticle size at one or Inore stages to maintain the proper relationships.

ti3 Catro~l, \villiam, "l'vlining Methods, Practices, and Costs of the Cananea Consolidated Copper Co.,
Sonora. i\1exico: Bure:.tu of Mines InL Circ. 6247, 1930, p. 6.

04 Quayle, T. \V., Mining Methods and Practices at the United Verde Mine, JeroffiP, Ariz.: Bureau of
Mines lnf. Circ. 6440, 1931, p. 6.

65 Youtz, Ralph R., l\Iining Methods at the Eighty-Five Mine, Calumet and Arizona Mining Co., Valedon,
N. Mex.: Bureau of l\1ines Inf. Circ. 6413, 1931, p. 5.

66 Walker, Harlan A., Mining Methods and Costs at El Potosi Mine, El Potosi Mining Co., Ohihuahua,
Mexico: Bureau of Mines Inf. Circ. 6804, 1934, pp. 10-11.
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The required fineness before cutting at any stage depends on (a)
size of sample, (b) distribution, size, and number of particles of. ore
mineral in the sample, (c) range in value between high- and low-grade
ore mineral particles, and (d) percentage of the total weight of the
sample comprised in the valuable mineral.

Tables have been devised by various investigators as a guide to
the relationships that should be lllaintained; these have been based
both on mathematical calculations and on experimental data.

The following table by Woodbridge,67 based on extensive experi
ments and calculations by Brunton,68 is an example.

1"'ABLE 9.-Smallest permissible weight of sample for varying sizes· of crushing of
medium-grade ore

Maximum size of products, inches
Smallest

permissible
weight,
pounds

Maximum size of products, mesh
Smallest

permissible
wei~ht,
pounds

---------------._---- ------------- ---------
2 _
1~'2---- _
1 _
31. .
7~- -- -- - --- -- -- - - --- - - - ----- _

~~-----------------------------------
}4- __ '- _
~16------------------------- _

}~--------------------------------- --

10,000
5,000
2,000
1,000

400
300
100

75

6 _
10 _
18 _
30 _
50 _

50
25
10
4
1

This table was devised as a guide for sampling large lots of medium
grade gold ore, but the principle involved is the same. as that for
cutting down the kinds of samples under consideration. If the ore
minerals are very unevenly distributed in the gangue matrix or tIle
ore is lligh-grade, finer crushing or larger samples will be required.
For more uniformly mineralized base ores, considerably smaller
weights would be allowable.

The handling and treatment of drill samples have been touched
upon briefly already. Sludge from drill holes usually is fine enough to
permit splitting or cutting at the drill, and it has been noted that in
churn-drill sampling at some mines the sludge is split in the wet state
when it is bailed from the hole, sometimes only 7~, X, or %of th.e total
sample being retained.

Face samples often are sack:ed and sent directly to the assay office
without being cut down. When prospects or mines remote from an
assay office are sampled, it may be advisable or even necessary to
reduce the bulk and weight of the samples before shipment.

Samples may be cut down either by hand or mechanically. Mechan
ical splitting is preferred for accuracy, but mechanical splitters may
not be available and hand-cutting may be the only alternative. Large
sa,mples usually are first cut down by "quartering," in which process
the ore should first be spread on a clean, smooth floor and pieces
larger than allowable should be broken.

The sample is then shoveled into a conical pile, each shovelful being
dropped on the tip of the cone. The fines will tend to remain near the
tip or slide part way down the sides of the cone, whereas the larger

6i'Voodbridge, T. R., Ore-Sampling Conditions in the West: Bureau of Mines Tech. Paper 86, 1916,
p.57.

68 Brunton, D. W., The Theory and Practice of Ore-Sampling: Trans. Am. lnst. Min. Eng., vol. 25,
1896, p. 826.
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lumps will roll to the bottom. Thus, the fines will tend to become
more or less segregated from the lumps, which is not conducive to
thorough mixing. In practice, the tip of the cone will tend to move
in one direction, so that ~Then the cone is completed the tip .will be
off center. If this occurs, there will obviously be a concentration of
lumps on one side; when the cone is flattened and quartered, some
quarters will have too large a proportion of lumps; and as the lumps
often contain less or more of the valuable mineral than the fines, the
quarters retained in the sample will not represent the average grade.
Some samplers employ an upright iron rod to mark the center of the
cone and thus avoid "drawing" the tip to one side. Others employ a
wooden or steel cross having arms of equal length, which is laid on the
floor, and each shovelful is then dropped over the intersection of the
arms.

After all the ore has been swept up and coned, the next step is to
flatten the cone into a disk by dragging it out spirally with a shovel
or flat blade, beginning at the tip of the cone and taking care to spread

A

r\. /

b ==::J

v "a

FIGURE 9.-Methods of splitting samples. A, Brunton Quarter shovel. B, Diagram of bank or combination
riille sampler. 0, Jones splitter.

the material uniformly in all directions. The thickness of the finished
disk should be about one-tenth its diameter, and, if flattened properly,
it will be circular. It may be necessary to recone and flatten one or
more times (three conings is common practice) to mix the sample
thoroughly before quartering.

The final disk is then divided into quadrants by marking with a
straight-edge or a right-angle cross, and two opposite quadrants are
removed and rejected. The two remaining quadrants constitute the
sample. This may be reconed and requartered in the same manner as
the original sample if still of sufficient bulk in proportion to the size
of the particles, or it may be first crushed or ground to smaller size
before quartering or splitting it further.

First cuts of original samples may be made also with such devices
as the Brunton quarter shovel (fig. 9, A) or a split shovel. In splitting
a sample with the Brunton shovel, the shovel is forced into the sample
pile until all compartments are filled. The shovel is then removed and
tilted backward to discharge the material in the two outside compart
ments, which is the reject. The portion in the middle compartment is
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emptied into the sample box. The operation is continued until the
entire sample has been handled. The split shovel is constructed with
alternate openings and prongs, the latter forming narrow boxes, the
area of which equals that of the openings between them. The shovel
is held over a box or other receptacle and an assistant shovels the
sample over it. Half the material is supposed to pass through the
openings into the box, the half remaining on the shovel being rejected.

A bank or combination riffle sampler like that shown in figure 9, B,
can be constructed easily, and by shoveling the sample into the top, a
~-sample is cut. Figure 9, 0, illustrates the Jones splitter, wllich is
usually used for the last splitting after the sample has been ground to
pass a 7~-inch or finer screen. The final split for the portion that actu
ally goes into the assay is made upon finely pulverized material that
has been mixed on a sample cloth. TIle mixed sample is spread into a
thin cake, and the portion for assay consists of dabs taken from points
well distributed over the cake.

Automatic samplers of the revolving type, which cut small portions
from a stream of ore at regular intervals, are employed extensively for
sampling in ore-dressing plants. Samplers of this type give quite
accurate results, provided they are kept in good working order and
they are watched to see that they do not become clogged and that the
sample receptacle does not fill and run over.

Whatever the system of cutting-down employed, the danger of
error caused by inclusion of disproportionate amounts of valuable
mineral particles, either in the reject or in the sample, increases as the
size of the sample becomes smaller. By way of illustration, assume a
sample cut in which only one particle of valuable mineral remains.
If the particle goes into the reject during cutting-down, the final
sample will have a zero value, whereas, if it goes into the final sample
for assay, the result will be 2, 4, 8, or more times the correct value.
Now if this particle is broken up into many smaller pieces by grinding
the sample, the likelihood of obtaining a proportionate amount in the
final sample is mllch greater. It therefore follows that the finer the
particles comprising the sample at each stage of splitting, the better
is the cllance that the final portion used for assay will be truly repre
sentative.

In sampling gold ores it is customary to reject any visible gold.
Particles of free gold are not pulverized during crushing and grinding
but merely have t.heir shape changed. Therefore, coarse particles
of gold in the original sample may carryover into the final sample and
give an assay value many times the actual value of the ore.

SUMMARY OF SAMPLING

The accuracy of the samples themselves-that is to say the extent
to which they truly represent the material actually sampled-should
not be confused with the accuracy of ore-reserve estimates based upon
assay results. Samples may very accurately represellt the grade of the
ore sampled; but in mining, the grade of the ore sent to the mill may
be considerably lower, due to dilution in stoping operations because
of inadvertent inclusion of wall rock or because of deliberate mining
of ore of lower grade than that sampled. The necessity for eliminating
the human factor in taking samples has been stressed, and the ad-
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vantage of making the sampling operations as autornatic as possible
for this purpose has been pointed out. By adhering to rigid standards
for the spacing of samples and the method of taking them, size of
samples, relationship of sample size to particle size in cutting down,
the mathematical probability is greater that errors in individual
samples will be compensating. Interpretation of sampling results
in estimating grade of ore reserves, on the other hand, is a matter
requiring the exercise of judgment.

ESTIMATION OF ORE RESERVES

Estimates of the tonnage and average grade of ore deposits (ore
reserve estimates) are made for various purposes. TIley may be
made by examining engineers as a basis for placing a value on a mining
property in connection with reports on behalf of owners or vendors,
on the one hand, or for prospeetive purchasers or lessees, on the other.
They are made for tax purposes and sometinles in connection with
mergers of two or more cOlnpanies or with litigation.

Most operating companies make periodIcal ore-reserve estilnates,
usually at least annually, to determine their ore-reserve position as a
basis for controlling development and exploration and allocation of
funds therefor; for determining deferred, depletion, and depreciation
charges per ton; or as a basis for deciding upon operating policy
expansion or contraction of operations, capital expenditures, and the
like.

The final estimate in any instance usually is a composite of estimates
of different blocks or areas which often differ appreciably from eaeh
other in grade or character of ore. A continuous ore-reserve inven
tory, by blocks, levels, and stopes, in a mine may be required as a
basis for controlling stoping operations to maiIltain a desired grade
of output by mixing ores from different blocks.

Some mines produce two or more grades or kinds of ore, which must
be mined, milled, and shipped separately; and it becomes necessary,
then, to know the grade and type of ore available in each section of
the mine.

Thus, iron ores are often mixed to give a desired iron, phosphorus,
silica, mallganese content. TIle copper-bearing sulfide ores of Duck
town, Tenn., chiefly valuable for their sulfur, are roasted for the
manufacture of sulfuric acid; it is necessary to grade the ore from
different stopes carefully, on the basis of sulfur content, to form the
rigllt mix for this purpose.

Ore-reserve estimates are based upon the results of exploration and
developnlent and analyses of the samples derived therefrom. Unless
a deposit is fully developed (and even then to a lesser degree), certain
assumptions llave to be made regardjng the continuity and grade of ore
between exposed faces or drill holes that have been sampled. In
Inaking these assumptions, the engineer must interpret all available
information, and the accuracy of the final results will depend largely
on his experience and the soundness of his judglnent. Not only must
he correctly combine the assay values of the samples, but he muS't
interpret the geological criteria and consider the influence of structural
cqnditions on continuity and grade of ore, the probable loss of ore in
Inining, the dilution with waste (which, in turn, may depend on the
mining method errlployed or to be enlployed)) and the cost of mining
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and milling, which may be an important factor in determining the
minimum grade of rock that can be classed as ore.

It is apparent, then, that estimation of tonnage and grade of ore
reserves is not a precise science. In some districts where the character,
uniformity, arid habit of the ore bodies have been learIled from long
mining experience, more or less arbitrary methods may be applied
with considerable confidence in estimating ore extending beyond
exposed faces. Thus, in Minnesota and Michigan. the mining com
panies and the State tax commissions accept valuations of ore reserves
based upon certain rules as to continuity and grade of the ore.

Ore-reserve estinlates include the determination of (1) tonIlages of
ore and (2) average grade or value per ton. Since the grade or con
tent of valuable metal establisiles the difference between rock that may
and may not be classed as ore, tonnage cannot be estimated without
considering tIle question of grade.

Consideration of grade in connection with tonnage estimates mayor
may not present a conlplex problem. Thus, in some deposits with
sharply defined walls or boundaries between. which all the material is
known by experience or by actual development to be of ore grade
without the Ilecrssity of averaging the sample assays, the tonnage can
be estimated without particular reference to assays. In other types
of ore bodies having no definite boundaries and with values gradually
petering out, the linlits of minable ore Iiave to be determined by assay;
hence, tonnage and grade estimates are interdependent. With large
low-grade deposits that can be mined profitably only by use of large
scale nonselective methods, it may be necessary to compute tonnages
and grades on the basis of several different assumptions as to the min
ing limits. TIle first estimate may indicate th.at too IIluch marginal
ore has been included to give an average grade that will leave the
required profit margin, and it then becomes necessary to establish
new hypothetical ore boundaries and reestimate the average grade of
the corresponding tonnage.

This process may require repetition by cut-and-try methods before
a final acceptable estimate is reached. It involves a determination of
the minimum grade of material that can be included, but the mining
method to be employed may preclude the possibility of eliminating
all material below this grade, hence the necessity for cut-and-try
estimates in such instances.

Some deposits are so uniform in grade that satisfactory ore-reserve
estimates can be illade by merely computing the volume and tonnage
of ore and assigning to it the grade of the ore produced during the
preceding year or other period. Except for such deposits, the initial
step in making ore-reserve estimates is the preparation of assay maps
and sections. These not only furnish the data necessary for actual
measurements and computations, but provide a general picture of the
ore bodies, the variations in grade within them and along their bound
aries, and thus the nature of the irregularities of mineralization.

In making ore-reserve estimates as a basis for valuing a property
for sale or other purpose, most engineers, to avoid overvaluation and
at the same time recognize potentialities for ore as yet undisclosed,
estimate tonnages under three separate headings: "Developed ore"
(sometimes termed "positive ore"), "probable ore," and "possible ore."
The judgment of the engineer must be relied upon to a considerable
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extent in drawing the distinctions between these different classes of
ore. In general, however, developed ore is restricted to ore alrea.dy
broken in the stopes plus ore exposed on four sides-tha.t is, ore that
actually can be measured. Of course, if the exposed fa.ces of a block
of ore are far apart, an assumption is necessary regarding the con
tinuity of ore between them, and the accuracy of the result again
depends on the estimator's judgment.

In estimating probable ore, somewhat more latitude is allowed. It
is usual, however, to class as probable ore only that exposed and meas
urable on at least two sides, or measurable on one side and exposed at
one point on the. opposite side of a block. In the latter instance .it is
customary to cOInpute a tonnage based on the area of a triangle having
as its base the exposed side and its apex the exposed point on the oppo
site side. In the probable ore tonnage, there also may be included
SOIne ore extending beyond exposed faces, provided known geological
conditions warrant the expectation that the ore will continue a given
conservative distance below a level or beyond a drift face.

In estimating possible ore, still more latitude may be permissible.
The estimator will be influenced by past experience as to extensions of
ore if the mine is an old one and by geological conditions known to
affect localization of ore shoots.

Since the greatest present value of a mining property actually may
lie in its potential ore (probable and possible ore) rather than in its
developed ore, estimates of the former may be of utmost importance.
This value can hardly be computed by formulas or by any fixed rules,
and the judgment of the estimator, his experience, knowledge, and
integrity comprise the only measure of the reliance that can be placed
on his appraisal. In any event, since the estimated tonnages and
grades of probable and possible ore are more subject to error than are
those of fully developed ore, it is logical to set up ore reserves under
three classes to indicate the degree of reliance that can be placed on
each.

ASSAY MAPS AND SECTIONS

Assay plans may be prepared in various ways, depending on the
types of the ore bodies. 'Vhatever the method employed, the position
of each sample, its lengtll, and its assay value should be posted on the
maps or sections. If the plans are to be submitted as part of a report
that is to be or may be checked by another estimator, it is important
that they be posted in this detail. Engineers often are called upon to
check reports in which these details are oInitted and only the results
of computations of the original estimator are given. In some instances
the figures merely show the computed tonnage and average grade of
each of several blocks of ore. In others, the computed average assay
values of each of the sides of the ore blocks or averages of groups of
samples covering given lengths of ore exposures are shown, as, for
example, "50 feet, 10 samples, average value $9.50, average width 6.5
feet." In such instances, the calculations cannot be checked in their
entirety and the check estimator is left in the dark on such points as
the treatment that has been accorded erratic high assays. As will be
shown later, one erratic high assay averaged with several assays well
below average ore grade may give an erroneous result considerably
above the actual grade. Assay plans may consist of plan maps of the
workings, drill holes, and ore bodies, vertical cross sections and
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longitudinal sections, or projections on the planes of the veIns, or
combinations of these.

VOLUME AND TONNAGE ESTIMATES

The plans are drawn to scale, and from them areas may be scaled
or measured with a planimeter. Areas are commonly figured in square
feet and ore volumes in cubic feet (except where the metric system is
employed). Volumes in cubic feet are then converted into tons by
dividing by the number of cubic feet in a ton of the rock or ore in
place as determined by specific gravity or other tests.

VOLUME

For flat-lying, bedded deposits of uniform thickness, volume
computations involve merely scaling or measuring with a planimeter
the areas of the different blocks of ore bounded by nline workings
and the margins of the ore bodies and multiplying the area of each
block by the average thickness of the ore in that block. Summation
of the volumes of all blocks gives the total volume of the ore.

For broad, basin-shaped deposits, plan maps, vertical or horizontal
cross sections or both may be used. If the deposit has been explored
by vertical drill holes or test pits, a common method is to plot the
holes in plan and divide the area into a series of triangles, squares,
or irregular polygons, each of which represents the horizontal cross
section of an imaginary vertical prism of ore extending from the top
to the bottom of the deposit. The volume of the prism is the area
of the cross section multiplied by the depth, if tIle top and bottom
of the prism are plane parallel surfaces. Since in deposits of this
type the top and bottom may be very uneven, this method is an
approximation; the closer the spacing of the holes, and thus the
greater the number of prisms, the more closely will the approximation
approach the actual volume. The sum of the volumes of all the
prisms is then the total volunle of ore in the deposit.

Sometimes holes are drilled at regular intervals at the apexes of
equilateral triangles or at the corners of equal squares. More often,
on account of topography or irregularities of the deposit, this is not
possible and the arrangement is very irregular. The areas of influence
or "weights" of the different holes then vary, sometimes considerably,
with respect to both volume and ore-grade calculations. Compli
cated methods for constructing geometric figures to determine these
factors have been described and discussed in textbooks and the
technical press. However, competent mathematicians consulted by
the authors agree that none of them is mathematically correct for all
drill-hole arrangements and variations in grade. On the other hand,
simple constructions· are possible from which results may be obtained
that are well within the order of accuracy of other factors entering
into ore-reserve calculations; for example, errors in sampling and in
assumptions as to ore boundaries may exceed the errors in approxi
mations derived from these simpler methods.

Since the method of constructing these figures also affects the
calculations of ore grade, this subject will be discussed further under
the caption, Estimation of Grade of Ore.
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The volume of large basin-shaped deposits may also be estimated
from parallel cross sections on which are plotted intersections or pro
jections of mine workings, drill holes, and ore boundaries. It is often
convenient to draw vertical cross sections through lines of drill holes,
raises, and winzes, for which purpose it may be necessary to prepare
longitudinal sections and plans, or bottom- and top-of-ore contours
from which points on the cross sections may be derived by interpola
tion. Having prepared a series of parallel cross sections, the area
of each is computed or is measured by planimeter. If the variation
in size and shape of adjoining sections is small, the volume in cubic
feet of the block between them lllay be taken, for all practical pur
poses, as their average area multiplied by the distance between them
in feet. If there is a series of such sections spaeed equidistantly,
the total volume may be expressed by the "end-area" formula:

V=~~ H(A I +2A2+2A3 + .... An)

where AI, A z, A 3 • • • •• An are the areas of the several sections,
H is the perpendicular distance between them,
and V is the total volume.

If the ore body is very irregular and adjoining sections exhibit
marked dissimilarity in size and shape, the volume between two
adjoining seetions may be approximated more closely by using the
prismoidal formula:

where V=volume of the block,
H is the perpendicular distance between At and A 2, Al and A 2 are the areas of

the two sections,
and M is the area of a parallel section halfway between Al and A 2•

M is determined by constructing a midsection interpolated frOlll
corners of sections At and A 2 , modified by any information available
concerning outlines between Al and A 2 that may be obtained from
mine workings or geological data.

Figure 10 shows two adjacent sections that are quite dissimilar in
shape. By using the end formula, the volume is 17,737,500 cubic
feet, but by using the prismoidal formula it is 18,162,,500, a difference
of 425,000 cubic feet, or 2.5 percent.

If enough data are available to construct sections at close intervals,
the prismoidal formula may be used, making each alternate section
a midsection.

For dipping veins or lenses and other tabular forms of deposits,
estimates are made from level plans, cross sections, and longitudinal
projections on the plane of the dip, drawn to' scale. All the assay
widths and values are shown on these drawings, togetller with mine
workings and outlines of blocks of ore remaining as deterrnined by
development or assumed from geological and other controlling data.
The areas of the different blocks of ore multiplied by the corresponding
average thickness of each, as determined from measurements normal
to the dip, give the volumes of the respective blocks.
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TONNAGE

Tonnage estimates are derived from those of volume by applying a
specific gravity or "tonnage" factor. The specific gravity of the
lnineral mass may be calculated roughly from the specific gravity and
percentage of each of the constituent minerals and the porosity of the
ore, or by making direct specific-gravity tests on representative samples
from various parts of the ore body. Cubic feet per ton is then obtained
by dividing 2,000 (2,240, if long tons are desired) by the product
of 62.5 (weight per cubic foot of water) multiplied by the specific

. ( 2 000 )graVIty of the ore 62 5X . A more accurate tonnage factor. sp. gr.
may be determined by actually weighing the ore from measured
volumes of excavation and averaging the results. A precise factor
cannot, as a rule, be obtained for most large ore bodies because of the
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FIGURE 1O.-Sections of irregular ore body used in computing volume of are: 1, Oross sections. 2. Longi
tUdinal cross sections for interpolation.

variations in mineral composition and in porosity from point to point,
but a factor accurate enough for all practical purposes usually can be
derived by the methods described.

In some instances there may be enough variation in the specific
gravity of different grades of ore to require different factors for each.
Thus, in the Lake Superior iron-ore districts curves have been con
structed showing the variation in cubic feet per ton with variations
in iron content. One of these is shown in figure 11, A. At Cananea,
Mexico, the specific gravity has been found to vary considerably with
the copper content (fig. 11, B).

When these variations are substantial and are approximately known,
it may be advisable, first, to calculate from the assay plans the average
grade of each block of ore and then calculate the tonnage by employ-
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ing the tonnage factor applicable to each grade. The tonnage in
each block of ore is, of course, the volume in cubic feet divided by the
cubic-feet-per-ton factor (or similar calculations for metric units).

When it comes to actual mining, it often happens that the tonnage
is greater and the grade of ore lower than estimated. This often is due
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largely to dilution from the walls in stoping, though it may be due
partly to mining of marginal ore of lower grade than that included in
the estimates. There IIlay be compensating factors, such as offshoots
of high-grade ore not known to exist at the time of the estimate or
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'unexpected inclusions of waste within the ore bodies. Allowance
usually is made for possible or probable inclusion of waste and loss of
(ore in mining, by deducting a certain percentage from the calculated
·ltonnage. Probable dilution from the walls may be compensated for
by adding a certain percentage to the tonnage estimate and corre
:spondingly reducing the calculated grade of ore. These percentages
·may be arbitrary or may be based upon experience with deposits of the
,particular type in question and with the mining method to be used.
'Thus, in one district experience has shown that a IO-percent deduction
should be made for loss of ore in mining and another 10 percent for
inclusion of waste. In another district it is necessary to allow for 20
percent dilutiol1 from the walls during mining; that is, the calculated
tonnage must be divided by 0.80 and a corresponding reduction made
in the calculated grade of ore.

COMPUTATION OF GRADE OF ORE

As previously indicated, the accuracy of ore-grade estimates will
depend on the accuracy of the samples, accuracy in assaying, the
method of combining and weighting the different samples, and the
estimator's judgment.

It has been shown that individual samples may be relatively inac
curate, but the weighted average of a large number may closely approxi
mate the actual grade of the ore. Accuracy in assaying may be
achieved with care and correct laboratory technique. The proper
combining and weighting of sample assays may require considerable
thought, and correct mathematical principles should be employed,
at least up to the point where the mathematical precision equals the
accuracy of the data upon which the calculations are based.

ESTIMATES BASED ON DRILL-HOLE DATA

Sometimes it may be necessary, before combining and averaging
the assay values of the different samples, to make some preliminary
computations. This applies particularly where the samples have been
obtained by core drills, if the core recovery is incomplete, or if there
is an appreciable difference between core and sludge assays. In such
instances it becomes necessary to average the assays of core and of
sludge and in doing so to assign proper weight to the value of each.
In weighting, certain assumptions must be made, and therefore the
results will not be precise. If it is assumed that the hole and core are
uniform in diameter over the length of the sanlple, that there have been
no additions of material by caving in the upper portions of the hole,
and that all of the cuttings (sludge) have been caught, simple arith
metical calculations can be made. In such case the cuttings will
represent all that part of the material removed that is not core, and
the weights assigned to core and sludge assays will be proportional to
their respective masses. The relative masses have been calculated for
standard sizes of diamond-drill bits and different lengths of core
recovery from a 5-foot hole and tabulated. Table 10 has been pre
pared by the E. J. Longyear CO. 69 It is seen that even with complete
core recovery the mass of the cuttings is greater than that of the core
when the smaller bits are used.

69 E. J. Longyear Co., Minneapolis, Minn.; Catalog 8, 1931, p. 12.
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TABLE lO.-Percentages of volumes of core and cuttings in a. 5-foot ~iamond7d~ill
sarnple for each inch of core recovered, to be used as multtplters tn combtntng
analyses of core and cuttings

Inches of core

1 _
2 _
3 _
4 _
5 _
6 _
7 _
8 _
9 _
10 _
11 _
12 __ - . _
13 _
14 _
15 _
16 ----
17 _

~~::: :::::::::::::::1
21. . - --
22 _
23 _
24 _
25 _
26 _
27 _
28. _
29 _
30 _
31 _
32 _
33 _
34 _
35 _
36 _
37 _
38 _
39 _
40 _
41 _
42 _
43 _
44 _
45 _
46 __ - _
47 _
48 _
49 _
50 _
51 __ . _
52 _
53 _
54 _
55 _
56 _
57 _
58 _
59 _
60 _

EX' I AX' I BX 3 NX'

Core Outtings Core ~~tting~I~~~1cutting~_~ Cuttings

O. 6 99. 4 O. 6 99. 4 O. 8 99. 2 O. 9 99. 1
1. 2 98. 8 1. 2 98. 8 1. 6 98. 4 1. 7 98. 3
1. 8 98.2 1. 8 98.2 2.4 97.6 2.6 97.4
2.4 97.6 2.4 97.6 3.2 96.8 3.4 96.6
3. 0 97. 0 3. 0 97. 0 4. 0 96. 0 4. 3 95. 7
3. 5 96. 5 3. 6 96. 4 4. 8 95. 2 5. 1 94. 9
4. 1 95. 9 4. 2 95. 8 5. 6 94. 4 6. 0 94. 0
4. 7 95. 3 4. 8 95. 2 6. 4 93. 6 6. 8 93. 2
5.3 94. 7 5.4 95.6 7. 2 92.8 7. 7 92.3
5.9 94. 1 6.0 94.0 8.0 92.0 8.5 91. 5
6.5 93.5 6.6 93.4 8.8 91. 2 9.4 90.6
7. 1 92.9 7. 2 92.8 9.6 90.4 10. 2 89.8
7. 7 92.3 7.8 92. 2 10.4 89.6 11. 1 88.9
8.3 91. 7 8.4 91. 6 11.2 88.8 11.9 88. 1
8.9 91. 1 9.0 91. 0 12.0 88.0 12.8 87.2
9. 5 . 90. 5 I 9. 6 90. 4 12. 8 87. 2 13. 7 86. 3

10. 1 89.9 10.2 89.8 13.6 86.4 14. 5 85. 5
10. 6 89. 4 10. 8 89. 2 14. 4 85. 6 15. 4 84. 6
11. 2 88.8 11. 4 88.6 15. 2 84.8 16. 2 83.8
11. 8 88. 2 12.0 88.0 16.0 84.0 17. 1 82. 9
12.4 87.6 12.6 87.4 16.8 83.2 17.9 82.1
13.0 87.0 13.2 86.8 17.6 82.4 18.8 81.2
13. 6 86. 4 13. 8 86. 2 18. 4 81. 6 19. 6 80. 4
14.2 85.8 14.4 85.6 19.2 80.8 20.5 79.5
14. 8 85. 2 15. 0 85. 0 20. 0 80. 0 21. 3 78. 7
15. 4 84. 6 15. 6 84. 4 20. 8 79. 2 22. 2 77. 8
16. 0 84. 0 16. 2 83. 8 21. 6 78. 4 23. 1 76. 9
16.6 83.4 16.8 83.2 22.4 77.6 23.9 76. 1
17. 1 82.9 17.4 82.6 23.2 76.8 24.8 75.2
17.7 82.3 18.0 82.0 24.0 76.0 25.6 74.4
18. 3 81. 7 18. 6 81. 4 24. 8 75. 2 26. 5 73. 5
18.9 81. 1 19.2 80.8 25.6 74.4 27.3 72. 7
19. 5 80. 5 19. 8 80. 2 26. 4 73. 6 28. 2 71. 8
20. 1 79.9 20.4 79.6 27.2 72.8 29.0 71. 0
20. 7 79.3 21. 0 79.0 28.0 72.0 29.9 70. 1
21. 3 78. 7 21. 6 78. 4 28. 8 71. 2 30. 7 69. 3
21. 9 78. 1 22.2 77.8 29.6 70.4 31. 6 68.4
22.5 77.5 22.8 77.2 30. 4 69. 6 32.4 67. 6
23. 1 76.9 23.4 76.6 31. 2 68.8 33.3 66. 7
23. 7 76. 3 24. 0 76. 0 32. 0 68. 0 34. 2 65. 8
24.2 75.8 24.6 75.4 32.8 67.2 35.0 65.0
24.8 75.2 25.2 74.8 33.6 66.4 35.9 64.1
25. 4 74. 6 25. 8 74. 2 34. 4 65. 6 36. 7 63. 3
26. 0 74. 0 26. 4 73. 6 35. 2 64. 8 37. 6 62. 4
26. 6 73.4 27.0 73.0 36.0 64.0 38.4 61. 6
27.2 72.8 27.6 72.4 36.8 63.2 39.3 60. 7
27.8 72.2 28. 2 71. 8 37. 6 62.4 40. 1 59.9
28. 4 71. 6 28. 8 71. 2 38. 4 61. 6 41. 0 59. 0
29.0 71. 0 29.4 70.6 39.3 60. 7 41. 8 58.2
29.6 70. 4 30.0 70.0 40. 1 59.9 42. 7 57.3
30. 2 69. 8 30. 6 69. 4 40. 9 59. 1 43. 5 56. 5
30. 7 69. 3 31. 2 68. 8 41. 7 58. 3 44. 4 55. 6
31. 3 68. 7 31. 8 68.2 42.5 57. 5 45.3 54. 7
31. 9 68. 1 32. 4 67. 6 43. 3 56. 7 46. 1 53. 9
32. 5 67.5 33.0 67.0 44. 1 55.9 47.0 53.0
33. 1 66.9 33.6 66.4 44.9 55. 1 47.8 52.2
33. 7 66. 3 34. 2 65. 8 45. 7 54. 3 48. 7 51. 3
34.3 65. 7 34.8 65.2 46.5 53.5 49.5 50.5
34. 9 65. 1 35. 4 64. 6 47. 3 52. 7 50. 4 49. 6
35. 5 64. 5 36. 0 64. 0 48. 1 51. 9 51. 2 48. 8

1 Approximate diameter of hole, H2 inches; approximate diameter of core, ~'8 inch.
2 Approximate diameter of hole, 1% inches; approximate diameter of core, Hs inches.
3 Approximate diameter of hole, 2% inches; approximate diameter of core, 1% inches.
4 Approximate diameter of hole, 3 inches; approximate diameter of core, 2}s inches.

When the core from a given section or "pull" is broken into a
number of pieces it may not be possible to measure accurately the
length of core recovered. As a check against the measurement, the
core may be weighed, and this weight divided by the weight per
inch of a core of tIle same diameter (calculated or determined from
actual weighing) will give the equivalent length of core recovery.



ESTIMATION OF ORE RESERVES 67

The method of using the table may be illustrated by a hypothetical
example. Assume a 5-foot section of EX diameter hole, 48 inches
of core, a core assay of 3.0 percent copper, and a sludge assay of
3.6 percent copper. The core assay would receive a weight of 28.4
and that of the .sludge 71.6. The calculation then becomes:

1
Average assay = 100 (28.4X3.00+71.6X3.6)=3.43 percent copper.

If a portion of the cuttings is lost or other material is added from
above a section of the hole under consideration, or if the hole is
larger in diameter in softer portions of drill-hole section than in the
harder sections, the weightings indicated by the table will not give
correct average values when there is considerable difference between
the assay-values of core and cuttings. Stated another way, and
quoting from Longyear:

If a portion of the cuttings is lost or other material is added, the sample will
be correct only to the extent that the material analyzed represents a true sample
of the actual cuttings.

In actual practice complete sludge recovery, entire absence of
salting by caving, and holes of uniform diameter probably are the
exception rather than the rule. These conditions, however, may be
approximated in many instances so that no serious error is introduced
by employing the proportional-volume method of combining sludge
and core assays.

When there is considerable deviation from these ideal conditions,
the estimator must use his judgment in combining core and sludge
assays. At some mines it is the practice to disregard the sludge
entirely, in others to apply a factor to the assays of core or sludge,
or a combination of both, this factor being based upon experience
already gained with the pnrticular ore in question.

A serious error may be introduced in some cases if sludge assays
are ignored. For example, consider an ore composed of alternate
hard and soft layers, in which the soft layers contain a considerably
higher percentage of valuable mineral than do the hard layers. In
this instance, the core usually will be of smaller dinmeter and the
outside diameter of the hole will be lnrger in the soft layers than
in the harder layers. There will then be too small a porportion of
the high-grade material in the core and too large a proportion in
the sludge.

At Morenci, Ariz.,7°. the practice was to calculate the average
copper content by combining the assays of core and sludge in pro
portion to their respective weights. If the weigllt of the sample did
not correspond with the calculated weight of the corresponding
section of drill hole, the results were not given full weight and adjust
ments were made in the calculated grades.

In Northern Rhodesia 71 a method of combining core and sludge
assays based upon the following formula was developed:

Percent copper in core and sludge equals (weight of total core
times percentage of copper in combined core plus weight of sludge
times percentage of copper in sludge) divided by (weight of core plus
weight of sludge).

iO Mosier, McHenry, and Sherman, Gerald, Mining Practice at Morenci Branch, Phelps Dodge Cor
poration, Morenci, Ariz.: Bureau of Mines Inf. Circ. 6107, 1929, p. 6.

71 Matson, H. T., and Wallis, G. Allan, Drill Sampling and Interpretation of Sampling Results in the
Oopper Fields of Northern Rhodesia: Trans. Am. Inst. Min. and Met. Eng., General Volume, 1931,pp.
66-82.
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Having prepared the necessary plan.s :an:dordss'sectl0ns and placed
thereon ttheassays of the drill-hole ,samples, which may have to be
oo:mputed in some instanoe,sas ou:tlined above, the next step is the
combining of assays to .c)'bttliilJ. the average grade of different blocks or
layers of ore and finally the average grade of the calculable ore
ireSerVes..

'There are two general types of deposits of large area prospected by
vertical drill holes: (1) Massive, irregular, basin-shaped, or flat-lying
deposits with irregular or uniform mineralization, and (2) basin
shaped deposits in which different grades of ore are present in distmct
layers.

Drill hole 0
Construction A - - - - 
Construction B ----

76

FIGURE 12.---Collstructioll of polygons around drill holes for estimating tonnage and grade of ore.

CASE 1

In the first case, the triangular or polygonal prism method may be
employed for computing tonnages and grades of ore. vVith this
method each prism of ore is assumed to have the average grade of
the drill hole around which it is constructed, and the geometrical con
struction should be such that this assumption will produce a result as
nearly in accordance with the actual facts as possible.

There are two general methods of construction based on some\vhat
different hypotheses, viz: A. "That between any two sampling col
umns, the grade of ore of either one is assumed to extend halfway,
and halfway only, to the other; and that in any prism, the grade of ore
at any point is assumed to be that of the nearest assayed sample." 72

B. That variations in grade from one assayed sample point to the
72 Harding, James E., How to Oalculate Tonnage and Grade of an Ore Body: Eng. and Min. Jour.-Press,

vol. 116, No. 11, Sept. 15, 1923, pp. 445-448.
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next are "straight-line" variatIons; that the grade at any point in a
plane through three assayed sample points is influenced by the grade
of all three in inverse ratio to the distance from each.

The constructions based on these two hypotheses are also different
and produce different results, as indicated by figure 12. Witll either
construction, however, the procedure is mechanical and elirninates the
personal equation in computation, and two different estimators using
the same method will arrive at the same answer. Figure 12 shows
in plan a number of drill holes forming part of a larger drill-hole pat
tern. The broken lines show the construction and resulting polygon
around hole 66, based on hypothesis A, whereas the solid lines show
the polygon resulting from construction B.

In both constructions, the first step is to draw lines joining each
hole to every other contiguous hole to forIn a series of triangles. In
construction A, perpendiculars are erected from the centers of each
side of each triangle intersecting at a common point as "a-a ... a."
By joining these points, a polygon is formed around each hole, which
is assumed to represent the cross section of a prism of ore- of the same
grade as the hole. It may be noted that with this construction, a
may fall entirely outside its triangle in certain cases, as at at (obtuse
triangles) .

In construction B, a line is drawn from each apex of a triangle to
the center of the opposite side, the three lines intersecting at a com
mon point, b, in the center of the triangle and dividing it into three
smaller equal triangles. If the grade at the center of the large tri
angle, as determined by relative distances from each apex" be multi
plied by the area of triangle, the result \vill be the same as that ob
tained by multuplying the grade of each hole by one-third the area of
the large triangle and adding the products. The broken heavy and
solid heavy lines show the respective polygons and the light lines the
constructions for A and B. The average grade of each hole is the
sum of the products of each sample length by its assay value divided
by the sum of the lengths. This grade, multiplied by the volume of
the prism and divided by the volume-per-ton factor, gives the tons
percent or ton--dollars in the prism, as the case may be. Adding these
products for all the prisms and dividing by the sum of the tonnages
gives the computed average grade of the deposit.

CASE 2

In the second case, vertical cross sections of the deposit are best
adapted to making the estimates. The drill holes are drawn on the
sections, the samples and assay values are plotted, and points in
adjoining holes having similar analyses indicating portions of the
same ore layer are joined by lines, thus marking the tops and bottoms
of the layers (fig. 13).

For any section, the average assay value of a layer is computed as
follows: The average assay value of each hole for the layer in question
is assigned to the area extending from the hole halfway to the holes on
each side; the sum of the products of each area times the correspond
ing assay value, divided by the sum of the areas, gives the average
assay of the layer on that section. The average assay value and area
of the corresponding layer are calculated for all the cross sections in the
same manner. The volume of the layer in the block between two
sections is found by the end-area formula or by the prismoidal for-
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mula, and this divided by the volume-per-ton factor gives the corre
sponding tonnage. The average assay value of this block is computed

(A V +A V) ·
then from the formula V ( lA:+A: 2) ; where V IS the average value

of the block, VI and V2 are the values of the respective sections, and
Al and A 2 are the corresponding section areas. Adding the products
of the tonnages of the several blocks by their corresponding average
assay values and dividing this sum by the sum of the tonnages gives

the average assay value of the layer: V_VITT~:t++, """,i:nTn,
where V is the average value of the layer, VI .... V n , the average
value of the several block:s, and T I ••.•• Tn, the corresponding
tonnages in the blocks. Values and tonnages of tIle other layers of
ore are computed similarly.

ESTIMATES BASED ON UNDERGROUND SAMPLING

It has been pointed out that in sampling mine workings, the samples
should be taken at regular intervals to avoid errors that might result
from introduction of the human factor in the selection of sampling
points. With a regular interval the calculations of ore grade are
simplified because no weighting of assay values for ore length is
required.

WEIGHTING OF ASSAYS OF INDIVIDUAL SAMPLES

Each sample, however, must be weighted in proportion to the length
of the sample cut across the ore body. Thus, referring to figure 7, if
samples 1 to 5 are, respectively, 1.0, 2.5, 3.0, 2.75, and 2.8 feet long
and the assay values are, respectively, $0.50, $5, $20, $4, and $25,
the average grade of the face or section is computed as follows:

First compute the average grade of the band represented by samples
3 and 5.

(3) 3.0X$20= $60 $130-+-5.8=$22.41, average grade.

Uj) 2.8X25 = 70 5.8-+-2=2.9, average width.
5.8 $130

Then, for the entire section the calculation is:

(1) LOX $0.50= 0.50

(2) 2.5 X 5.00 = 12.50

(3-5) 2.9 X 22.41 = 65.00

(4) 2.75 X 4.00= 11.00
9.15 89.00 $89.00-+-9.15 = $9.72

Similarly, in averaging the assay values of a series of sample sections
along the back of a drift, the sum of the products of the assay values
of the several sections times the respective section widths divided
by the sum of the section widths gives the average assay value of the
series, provided the sections are equally spaced. If not equally
spaced, the average may be computed by the formula

G GILIWl+G2L2W2+ GnLnWn
L 1 WI +L2W 2+ Ln Wn

where G is the average grade, GI , G2, etc., are the grades of the several
sections, L I, L 2, etc., the lengths of ore, and WI, W2, etc., the widths
represented by the corresponding sections. G1) G2, etc., Inay be either
assay values of single samples, where only one sample is taken for

141609°--39----6



72 MET'AL-MINING PRACTICE

each section across the drift, or may be computed weighted averages
where the drift section is composed of several samples representing
different bands.

ERRATIC HIGH ASSAYS

When posting the assays on the assay plans and sections, oceasional
so-called erratic high assays may be found that require special
treatment before they are entered in the computations. Although
recurrence of such assays indicates the probable presence of high
grade spots or streaks in the ore body, which, if they occur often
enough, may actually raise the average grade of the ore body apprecia
bly, experience has proved that, if taken at their full value, the
resulting estimates will be too high. When it is considered that in
the majority of instances the erratic highs represent a condition
occurring at only the particular spot where the sample was cut and
are much higher than the average grade of the section or block of
ore they influence, the need for caution in evaluating them can readily
be understood.

Therefore, although mathematically there may be no sound reason
for eliminating or reducing the high assays, the conservative practice
is to reduce them in accordance with some empirical rule or by re
averaging. Often check-sampling of a high section may be necessary
before recalculating.

Empirical rules may be based upon experience with the ore in a
particular deposit. Thus, at the McIlltyre mine in the Porcupine
district of Ontario 73 erratic high assays among average low ones were
arbitrarily cut to $50; wllere they are consistently high they are not
reduced.

At the Hollinger mine, in the same district,74 erratic high assays
were cut to $100 in stopes known to be high-grade and to $50 in low
grade stopes. Where dialnond-drill-hole assays are used in ore
reserve estimates, high assays are cut to $10. Ore showings in isolated
diamond-drill holes are not included in ore-reserve estimates. Where
the drill-hole sections are between faces of developed ore, the assays
may be included, but high assays are cut to $10.

At these mines, the practices described have proved, over a period
of years, to give accurate results.

Another practice employed at some mines is to average the erratic
high assay with the assays of the two adjoining samples and insert
this average in place of the erratic high in the final computation, as
illustrated by the following example:

Sample number Measuring point Distance from meas
uring point, feet

Length of
sample,
inches

Assay
value

Length
times
value

-------------------------1-------------

1001_ ______ __ __ __ __ Station 956________ __ 45 easL _
1002 do_ __ __ __ 50 east _
1003 do ______________ 5.5 east _

50
30
40

$8.00
150.00

7.00

$400.00
1,500.00

280.00
,--------1----------1-----1------ ----

TotaL ______ __ __ _ _ ____ __ ____ 120 ____ 2,180.00
Average 2__ 18.17 _

1 Erratic high assay.
2 $2,180.00 divided by 120.

73 Skavlem, H. G., Mining Methods and Costs at the McIntyre Porcupine Mines, Ltd., Schumacher,
Ontario: Bureau of Mines Inf. Circ. 6741, 1933, p. 7.

74 Jackson, Chas. F. and Knaebel, John B., Sampling and Estimation of Ore Deposits: Bureau of Mines
Bull. 356, 1932, p. 126. Irving, Andrew Gordon, Mine Surveying [at Hollinger]: Canadian Min. Jour.,
September 1935, pp. 402-403.
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The figure $18.17 is then inserted in place of $50 in the final compu
tation.

A method virtually the same as the foregoing has been employed at
the Wright-Hargreaves mine, Kirkland Lake, Ontario. 75 In esti
mating the grade of a given block of ore or averaging the assays along
a section of a drift, all the assays, including the erratic highs at their
full value, are first averaged by the dollar-foot method. A second
average is tIlen made, the first average being inserted in place of each
erratic high. Values estimated in this manner have checked actual
bullion recovery plus tailing loss within 5 percent; in some months the
estimates are high and in others low, so that over a period of a year or
more the average error is less than 5 percent (plus or minus). Follow
ing is a sample calculation in which round figures were used for grades
and lengths of samples for the sake of simplicity.

First calculation, using Second calculation, sub- First calculation, using Second calculation, sub-
stituting for erratic stituting for erraticactual assay values highs actual assay values highs

----------------- ----------

Feet Assay Dollar- Feet Assay Dollar- Feet Assay Dollar- Feet Assay Dollar-
value feet value feet value feet value feet

----------------- --------------------
5 $6 30 5 $6 30 5 $8 40 5 $8 40
4 9 36 4 9 36 4 10 40 4 10 40
6 10 60 6 10 60 3 350 1,050 3 40 120
8 16 128 8 16 128 4 16 ~ 4 i6 64

10 5 50 10 5 50 5 8 40 5 8 40
8 15 120 8 15 120 6 5 30 6 5 30
5 150 750 5 40 200 8 2 16 8 2 16
4 i9 76 4 i9 76 2 1,000 2,000 2 40 80
5 24 120 5 24 120 5 18 ---go 5 is 90
6 8 48 6 8 48 5 15 75 5 15 75
5 6 30 5 6 30 i25 5:000 i25- - 'i,6OO5 3 15 5 3 15 -_._----- --------
4 8 32 4 8 32
3 20 60 3 20 60 Average value $40 Average value $12.80

COMPUTATION OF TONNAGE AND GRADE OF ORE BY BLOCKS

Developed ore usually is calculated first for each of the different
areas or blocks bounded by drifts, raises, winzes, and outlines of stoped
areas. The volume of each block is its area times the average thick
11ess of the ore in the block. The volume divided by the volume-per
ton factor gives the tons of ore in the block. Multiplying the tonnage
in each block by its average assay value, adding the products, and
dividing this sum by the sum of the tonnages gives the average assay
value of all the blocks.

In computing average thickness and average grade, it is important
to weight each sample or series of samples in accordance with the
length, area; or volume it represents.

Even where samples are spaced at regular intervals, serious error
lnay res-nIt from incorrect combining of assays if the grades of the
individual samples or sections vary greatly. This is shown by the
example given in figure 14, where a and b are drifts 300 feet long be
L"veen raises c and d, 100 feet long connecting a and b. The figures
show the lengths and values in dolla,rs of samples that are cut at equal
intervals around the block. The first figure is the length of the
salnple (equal to the thickness or width of the ore in this case).

76 Jackson. Ohas. F., and Knaebel, John B., work cited in footnote 74. pp. 128-129.
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If, in this example, equal weight is given to the products (width
times grade) for all the samples, including the raise samples, the ton
nage (using a factor of 12 cubic feet per ton) will be 17,812, the aver
age grade $7.98 per ton, and the total value of the ore in tIle block
$142,140. The average grade of the raise samples along c is seen to
be higher than that of tIle other samples, and if given equal weight
to the drift samples by simple averaging, their weight would be out of
proportion to tlleir actual influence and result in a value that is too
high.

If, however, the block is divided as shown by the linesLfJ.f.f and g
and the resulting triangular and trapezoidal blocks are computed
separately, tIle end or raise samples will then be weighted more in
accordance with their aetna,} influence and a slightly greater tonnage, a
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FIGURE 14.-Diagram showing division of block for estimating average grade of ore.

lower average grade, and smaller total value will be obtained. The
calculation is as follows:

300+200 50X6.67 .
Block A. 2 X 12 = 6,948 tons wIth an average grade of $4.82.

300+200 50X8.0 .
Block B.----2--X-

1
-
2
-=8,333 tons wIth an average grade of $7.41.

B C
100X fjO 7.00 .

lock '---2- X ---r2 = 1,458 tons wIth an average grade of $21.64.

100 X 50 6.00 .
Block D'---

2
-- X 1"2 = 1,250 tons -wIth an average grade of $4.83.

Tons
6,948 @ $4.82 $33,489
8,333 @ 7.41 61,748
1,458 @ 21.64 - 31,551
1,250 @ 4.83_______________________________ 6,037

17,989 @ 7.38 1 _

1 $132,825 -;'-17,989.

132,825

REVISION OJ' COMPUTATIONS

In the foregoing discussions the computations are mathematical,
and the results obtained generally have to be modified to allow for
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mining and other factors peculiar to. the particular deposit under
investigation.

Thus, where random, irregular horses of waste are known to occur
within the ore bodies, a deduction may have to be made from the cal
culated tonnage. This may be a percentage deduction based on past
experience in mining the particular deposit or other similar deposits in
the district, or it may be an engineering safety factor to provide for
possible waste inclusions.

The computed figures may indeed be quite accurate as to tonnage
and grade of ore actually in the deposit but may be quite different from
th.e tonnage and grade of ore that actually can be recovered by mining.
Thus, support of the surface may require that a considerable percent
age of the total ore be left permanently in the form of pillars. In
structurally weak ore bodies, in particular, it is seldom possible to
prevent the loss of some ore in mining. This loss will depend on the
irregularity of the ore margins and other characteristics of the deposits
and may vary with the particular mining method employed, which
may depend, in turn, on economic considerations, safety in working,
and other factors. It is clear, therefore, that computed tonnages
usually must be reduced by amounts based on these considerations to
determine the amount of recoverable ore in the deposit. Reductions
to take care of ore losses mayor may not affect the resulting average
grade of the recoverable ore. When pillars must be left, it is often
possible to leave them in leaner ore, thus resulting in a higher than
average grade for the ore that can be extracted. Conservative en
gineers, however, seldom would raise the computed grade on this
account.

On the other hand, dilution from the walls of the deposit in stoping
may considerably increase the total tonnage that will be mined, but
this results definitely in reduction of the recoverable grade below the
computed grade in proportion to the amount of dilution. The
amount of dilution will vary with the nature of the deposit and the
enclosing wall rocks and with the stoping method employed.

Frequently, hand sorting underground or on the surface is resorted
to for the purpose of raising the grade of the ore shipped or sent to the
mill. Some loss of ore almost invariably results, and although the
grade of the product is raised, the tonnage to be treated is reduced,
and, other things being equal, the total amount of metal recovered may
be less. Actually, the total recovery in some instances may be more,
since sorting may enable profitable mining of considerable tonnages of
ore of too low-grade to be included as ore in the ore-reserve estima,tes.

Another problem often met is the recalculation of tonnages and
grades where the vein width is less than the practicable stoping width.
In vertical veins having firm walls it is sometimes possible to mine
widths as narrow as 2 feet with little overbreak. More often, however,
36 to 40 inches is the narrowest average width that can be mined. If
the vein is narrower than the practicable stoping width there must
obviously be an overbreak in mining, and values of samples cut only
over the vein width must be reduced to equivalent values over stoping
width. Thus, assuming a vein averaging 2 feet in width and $60 per
ton and a minimumstoping width of 3 feet, the $60 grade spread over
3 feet then becomes two-thirds of $60, or $40. That is, the grade of the
material broken will be $40, and if no sorting is done, the grade of ore
shipped or sent to the mill will not exceed $40 per ton.
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All such factors must be considered in making the final estimates
of recoverable ore and later in comuting probable future profits and
in appraising the value of the property, a subject that will be discussed
in a later chapter.

MINE DEVELOPMENT

'The term "mine development" is employed to designate the opera
tions involved in preparing a mine for ore extraction. These opera
tions include tunneling, sinking, crosscutting, drifting, and raising.

In most mines, both exploration and development continue after
ore extraction by stoping has begun and often nearly to the end of
the life of the mine. Although exploration and development opera
tions are similar, the emphasis is placed on ore finding in the former,
whereas in the latter operations are directed mainly toward prepara
tion for economical extraction and removal of the ore from the mine.

As previously pointed out, it may often be possible to drive explora
tory openings in such positions and in such a manner that they
may be utilized later for ore extraction. In other instances, however,
openings driven with a view to expeditious and economical explo
ration may not be well-adapted to meet economical development and
ore extraction.

Thus, an exploratory shaft may be too small for hoisting ore, men,
materials, and supplies during the productive period and to provide
room for pipes, electric-power cables, and ladderways. Exploratory
drifts and crosscuts may be too small in cross section or too crooked
for economical motor haulage, or they may be situated improperly with
respect to stope centers. In other instances they may be in a lode
that is structurally weak and in which, therefore, their maintenance
cost would be so excessive ~hat permanent haulageways must be
driven in one or the other of the walls.

In mines situated in rugged mountainous districts and explored
through shaft openings it may sometimes be desirable, for operating
purposes, to drive a long adit to replace the shaft as the main extrac
tion opening to elilninate high pumping and hoisting charges or to
provide the most economical means of transporting the ore to an ore
dressing plant. Sometimes it is necessary or desirable to replace an
exploratory inclined shaft by a vertical-operating shaft or to substitute
one in the footwall of the lode for one in the lode itself.

Among the important factors to be considered in planning mIne
development for economical operation are the following:

1. Location of the main extraction opening.
2. Shaft vs. adit or tunnel development and inclined vs. vertical shafts.
3. Time required to prepare for production and anticipated maximum rate of

production.
4. Level interval.
5. Level-development plans and their adaptation to the physical characteristics

of the deposits and to the stoping nlethod to be employed.
6. Life expectancy of the mine, total tonnage to be mined, and comparative

costs of different development schemes.

Obviously, the type of ore deposit, its size, shape, and dip, distribu
tion of ore shoots or separate ore bodies, strength of ore and wall rocks,
and surface topography are conditions imposed by nature. It becomes
necessary, therefore, to fit the development plan to these conditions,
taking the utmost advantage of those that are favorable. It is appar
ent that the more complete the information obtained from previous
exploration, the more intelligently can development be planned.
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LOCATION OF MAIN EXTRACTION OPENING

The main opening is usually a permanent one that will be utilized
throughout the life of the mine. It should, therefore, be so situated
relative to the ore bodies that it will not be disturbed by ground
movement caused by ore extraction and with a view to low mainte
nance cost.

It is advantageous, other things being equal, to locate the main
opening centrally with regard to the ore bodies so that underground
transportation may be as economical as possible. A central location
is not always possible because of the surface topography or the rake or
pitch of the ore body. Thus, the topography may be such that con
struction of a surface plant near the main opening would not be feas
ible in a central location or that transportation of ore to the mill
would be unduly expensive. The deepest ore may be at one end of
the deposit, and in some instances it may outcrop at one end and
plunge toward the other end, and the shaft obviously should be
located nearer the deepest ore to avoid having to drive long haulage
ways in waste rock and sink auxiliary underground winzes or inclines.

The adequacy of existing exploratory openings for ore extraction
should be considered, and naturally these should be utilized when it is
practicable to do so.

The best position for the main opening should then be determined
from a consideration of the topography, the position of the mill site
or point of loading ore for shipment, the feasibility of constructing a
surface plant consisting of hoist house, shops, change house, and other
buildings near the opening, the "center of gravity" of the known ore,
both in plan and vertically, the position of the deepest ore, and the
position and adequacy of existing openings.

SHAFTS VS. ADITS

In areas of low relief, where most of the ore lies below surface
drainage levels, it is apparent that the deposits must be developed by
shafts. In areas of high relief, wllere much of the deposit lies above
surface drainage, there is often a choice between shaft and adit
development, and the option selected may be influenced by a number
of considerations. The surface topography may preclude sinking a
shaft near the deposit, or the only mill site available may be so situ
ated that an adit is indicated immediately.

The cost per foot of shaft sinking may be several times that for
driving an adit, the ratio in any given case depending on the cross
sectional area of the shaft or adit, the strength and nature of the
ground, the amount of water to be handled, and the cost of power for
hoisting and pumping. TIle plant-installation cost for shaft sinking
is usually considerably greater than for a tunnel, since hoisting equip
ment, headframe, and pumping equipment must be provided. This
greater investment for equipment may be several times the extra cost
of track and cars required for adit development.

A very important consideration is the amount of water that will have
to be handled. This becomes increasingly important in a mine with a
long life expectancy, because pumping charges in. a shaft mine go on
year after year. The power required for pumping increases directly
with the volume of water and height of lift.
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A tunnel or adit drains the workings above it by gravity flow; and
even though the workings may later be extended below the adit level
by means of an inside shaft, it frequently happens that most of the
water enters the mine at the upper levels and the lower levels are quite
dry. In any event, the height to which water from lower levels must
be lifted is reduced. The expense of hoisting ore and waste, ca.ging
cars or loading skips, and handling men and supplies in shafts comprise
a,D appreciable operating-cost item.

On the other hand, adit development may involve driving headings,
the excessive length of which may more than offset the additional costs
for shaft sinking and shaft operation.

With sllaft development, it is almost universally the practice to
sink, develop, and start stoping in stages of one or a few levels at a
time as new ore faces are required to maintain production and as ore
continuity at greater depth is proved or indicated.

With adit development, a similar plan may be followed by driving
a number of successively longer adits at successively lower elevations.
When these can be driven on the vein instead of across the strike,
development by this method has obvious advantages. When they
must be driven in waste, the time involved in reaching the ore, the
cost of so much dead work, and the uncertainties regarding persist
ence of the ore bodies at horizons corresponding to the elevations of
the adits may minimize or eliminate entirely the advantages of adit
development.

These and other factors that may be peculiar to a given deposit
must be weighed against each other.

INCLINED VS. VERTICAL SHAFTS

As far as shaft operations per se are concerned, vertical shafts
usually are preferred to inclined shafts. 76 Inclined shafts must be
longer to reach the same depth, hoisting speed is ordinarily slower,
wear on hoisting ropes is greater, and there a,re usually rope idlers to
install and keep in repair. In bad ground, vertical shafts usually are
easier to maintain.

An inclined shaft may be more economical where first cost of develop
ment and speed with which the mine can be brought into production
more than offset the operating economies effected by vertical shaft
development. An incline in the foot or hanging wall (usually the
former) can be driven approximately parallel to the plane of the lode,
so that only short crosscuts are required on each level to reach the ore
body. The flatter the dip of the lode, the greater is the advantage of
an inclined shaft. It is obvious that a vertical shaft started in the
foot\vall of a dipping deposit is farther from the lode on each succes
sively lower level, so that the time required for crosscutting to the
lode and the cost thereof may be prohibitive on the lower levels. If a
vertical shaft is started in the hanging wall, it will be nearer the lode
on successively lower levels, until it finally CTosses it; the crosscuts
will then increase in length as the depth increases. A shaft in the
hanging wall may be affected by subsidence, resulting in high operating
and maintenance costs; or, if large pillars of ore are left unmined below
the shaft for its protection, such ore may be tied up so that it cannot
be recovered until the mine is almost worked out.

76 Jackson, C. F., Some Notes on Underground Transportation in Metal Mines: Bureau of Mines Inf.
Circ. 6326, 1930, pp. 23-24.
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SIZES OF MAIN OPENINGS

The size (cross-sectional dimensions) of a shaft or main haulage
adit will be governed to a large extent by tIle anticipated rate of
production. Minimum size limits are established by practical con
siderations even for very small production rates. Thus an adit sllould
be large enough to pass the mine cars and leave room on the side for a
ditch and for a man to pass a car. If animals are employed for
haulage, the adit must be high enough for them to pass; and if electric
trolley locomotives are to be used, the adit sh.ould be high enough to
permit suspension of the trolley wires well above the llead of a man
standing upright. If the production rate is to be high, large cars and
locomotives usually are most economical for haulage, and the adit
must be big enough to accommodate them; in. long adits it may be
advisable to double-track the haulageway or at least to widen it in
places to make room for passing tracks.

A shaft should be large enough to provide at lea.st one compartment
for hoisting ore and handling men, materials, and supplies and a
separate compartment for a ladderway, air and water pipes, and
electric cables. -

In the Tri-State zinc and lead district one-compartment vertical
shafts 5 by 7 or 6 by 6 feet in cross section are common and ore is
hoisted in "cans" or buckets holding about 1,200 to 1,400 pounds of
ore. Here, however, the ore lies at comparatively shallow depths
and there are usually one or rnore "field" shafts in addition to the
hoisting shaft, which are available for additional exits from tIle mine,
for ventilation, and sometimes for the handling of men, materials,
and supplies. Some of the newer shafts in this district employ cages
or skips for hoisting and are 5 or 6 by 11 or 12 feet in cross section, or
larger.

In the Southeast Missouri lead district vertical shafts are usually
about 6 by 15 to 6 by 18 feet in the clear (inside timber) and are
divided into three compartments, two of wllich are used for hoisting
with skips in balance and the other for pipes and power cables.
Generally, there are auxiliary shafts for ventilation and for handling
men and supplies.

In the Western States the usual shaft for small or medium produc
tion, where ore is to be hoisted in balance in cars on cages or in skips
to obtain the power economy of balanced hoisting, is rectangular and
a minimum of 5 by 15 feet inside the timber or 7 by 17 feet outside
the timber. This provides for two hoisting compartments each 5 by
5 feet in the clear and a ladderway pipeway 3 by 5 feet in the clear.

Since the main operatillg shaft is often the main intake airway it
should be of cross-sectional area great enough to pass at moderate
velocities the amount of air required to ventilate the workings ade
quately. This is especially important in hot, deep mines. Sometimes
auxiliary shafts are provided for intake or exhaust airways.

The first considera,tion in deterrnining the size of a shaft is the duty
to be required of it. This includes the hoisting of ore and waste and
the hoisting and lowering of miners, timber, rails, explosives, drill
steel and drilling equipment, and other materials and supplies. If the
ore hoist also handles men and materials, the time· available for hoist
ing ore obviously is reduced. The time required for these other
duties depends on a number of factors. Thus, some mines use large
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amounts of timber for ground support, whereas others require very
little; some use proportionately much greater quantities of drill steel
than others; some shafts have to handle large quantities of waste for
stope filling while others have little or no waste to handle. In some
mines, especially those operating on a large number of levels, service
demands for transferring bosses from one level to another and handling
equipment consume a large amount of time. In such instances it is
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usually economical to make the shaft large enough to accommodate a
separate man and service cage, unless the production is so small that
a single hoist can handle it easily and perform service duties as well.
Where large amounts of mine timber must be handled through the
shaft, it may be desirable to provide a sepa.rate long cage upon which
loaded timber trucks can be run with the timbers lying fiat. The
long cage is convenient, also, for handling drill-steel trucks with the
steel lying flat.
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The capacity of a shaJt of a given size is usually greater when skips
are employed for ore and waste than \vhen cages are used; tIle net
load and the ratio of net load to total load is greater, and less time
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F'WCRE 19.-Plan of shaft, United Verde mine.

L-. 10"·10"

10"·10"
'...J

12' -0" .
0

Cage ~

n

n

t
\0

Skip ~

10"·10"

~

8 ~
~

\0

~ Skip In• :g .
~~ ~ n

10"·10"

PLAN

n

TI

~~
b£ Cl> [

uoo
Cl>ro
~u

1P1P{s and
cables

ELEVATION

(~

~,;f
\ ~~~~!:!z-T-~~-.J

Bolt, ~ inch
olt. ~)C6 inches

NOTE: One bracket per gUide on each
set; two brackets at guide joints

FIGURE 20.-Timbering and arrangement of No. 11 shaft, McIntyre mine,

usually is required for loading and dumping. Even when the ore
hoist is not used for service work, it is seldom that hoisting can be
conducted full time, especially if pockets of considerable capacity
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are not provided at each hoisting level. The prOVISIon of storage
pockets of ample capacity, with ITJeasuring hoppers for loading the
skips, materially promotes maximum utilization of time and shortens
the hoisting cycle, hence increases the capacity of the shaft.

Hoisting'in cars on cages has advantages under certain limited con-
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FIGURE 21.-Steel-timbered shaft, Montreal mine.

ditions, notably in leasing operations where the production from each
of a number of sets of leasers must be kept separate from that of the
others.

Tables 11 and 12 contain data on typical shafts, their size, number
of compartments, daily capacity, and service duties.
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From 6 levels down to
2,000 feet (1929). Two
classes are and waste.

Two shafts hoist from 585·
foot level; one from
1,400-foot level.

800 feet deep.

Long cage for men and
materials; development
cage for man service
during shift; several old
shafts for auxiliary pnr
poses.

C hippy cage, auxiliary
raise, 1,600 to 2,000 level.

Separate auxiliary ShaftS__ 1 One level at 300 feet.

Slope for travel of rnen____ 586 feet deep.

Cage compartmenL______ From levels at 200, 300,
400, 950, and 1,200 feet
deep, respectively.

Separate shafL -1 One level at 200 feet.Hoisting cans, 0.6 ton __

7 tons -' 1,000ore _

6 tons -I 2,200 _

5-ton skips I Capacity 1,700 tons in ----------- ---- ------------
8 hours.

4-ton skips 'l~wo shafts (total of 4 Separate shaft for ventila- 8 levels; one shaft to 1,650
skips), 1,200 tons tion and service. level, one to 800 level.
daily from 8 levels.

2 of 112 cu. ft. each (812'000 Separateshafts Hoist on 1,000-foot level.
tons sulfide are, 6 Hoists from all levels
tons schist are). down to 3,000, level in

terval 150 feet and pulls
are to 800 level.

Hoists ore from 2,875 and
3,875 levels.

Two skips, 1 chippy cage,
1 pipeway.

Two skips; 1 pipes, cable, \ do 11,200 capacity 1 'l~wo auxiliary shafts, one
and manway. for ventilation and one

for supplies. Ore shaft
has chippy cage 2,800 to
3,700-foot level.

12.5 average 1 18,000 (three shafts) I Cages. Separate ventila-
tion shafts.

Two skips, 1 large man
cage. Two skips, 1 com
partment for pipes and
ladders.

Two skips; 1 large cage; 1
pipe and counterweight.

5 by 15 ft. plus chippy
compartment 2,800
to 3,700 level.

12 ft. by 18 ft. 8 in 1 Two skips, 1 inspection
cage, 1 development
cage, 1 long cage, 1 lad
derway, 1 cage counter
weight (fig. 20).

1 shaft 12 ft. 4 in. by 16
ft. 8 in.

United Verde,s Arizona-l 5 ft. by 16 ft. 8 in _

Mclntyre,g Ontario,
No. 11 shaft.

Black Rock (Butte and
Superior),ll Montana.

Mine No.2, Marquette
range,' Michigan.

Mine over-al.l.. dime.nsions in I. COffiPart.ffiP ts I' Ore ell.p.acitY of skip or 1-\ ppr.oXimate daily are I Service duties Remarksclear I In cage, tons tonnage

Burra-Burra~Tennes- ~. bY-1~in_~==: Thre~~:~i:;==I~-ton~kiPS • 1,600 ± ore---------------------I~~p~::-~:t--:~ me: HOisti~from ~6 levels
see, 74 0 incline. and supplies (1929). down to 1,600 feet.

Burra-Burra, Tennes- 6 by 16 fL ----_do do . Service only (1929) _
see, vertical. I

Barr,2 Kansas - _-- __ 16 by 10 ft______________ Two for hoisting - __ - __ I Sl'lf-clumping cages, 450 to 500 ore -- I
1 l.!) tOllS.

No.8, .Southeast 3 Mis- 5 by 18 ft Two for hoisting (see fig. : 4-tOll skips hung under 550 to 600 ore 1

soun. I . 15). .. i man cage. I

Menominee No. 1,4 10 ft. 8 in. by 11 ft. 3 in_! rrwo skips, o.ne cage, one 14-ton skips_ _ 600 ore __ ---- I
Michigan. for pipes and ladders

I

(see fig. 16).
HaIet~~l;s~rantbam,5 6 by 6 fL______________ One for hoisting ore _

Fresnillo,6 Mexico 6 ft by 31 ft. 3 in Five; 2 are skips, 1 long I
cage (fig. 17). I

10 ft. 10 in. by 14 ft. 10 'rwo skips; one long cage;
in. one pipe, cable, and

ladders (fig. 18).
Two skips, one p.1anway

(fig. 19).

Hecla,lO Idaho 1 5 ft. 2 in. by 17 ft. 4 in.

Inspiration,u Arizona 1 2 shafts each 5 ft. 6 in.
by 19 ft. 2 in.



Montreal,13 Wisconsin__ 110 ft. by 16 ft. 10 in I Two skips; 1 long cage; 1 1 8 (long tons) - - - - - - - - - _1 3'500 (ore only) -- - - - - - -I Two other shafts, inclined I Hoists four grades of ore
pipes and counterbal- but same cross section. from several levels, low-
ance; 1 ladders (fig. 21). est 3,000 feet (1930).
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Remarks

Hoists from 13 levels, lowest
1,300. Pockets at 3 levels.

Maximum depth, 1930, 730
feet; 1936, 1,150 feet.

Service duties
Approximate

daily ore
tonnage

Ore capacity
of skip

150± Levels at 98 and 217 feet.
500 All service Hoisting from 1,000-foot level

(1932).
275 All service Bottom level, 5,800 ft. incline

distance.
2.3-ton skip 1 300____________ All service_ Levels 300 feet apart down to

1,200 slope distance (1930).

S Quayle, T. W., Mining Methods and Practices at the United Verde Mine, Jerome,
Ariz.: Bureau of Mines Ini. Circ. 6440, 1931,31 pp.

II Skavlem, H. G., Mining Methods and Costs at the McIntyre Porcupine Mines, 1Jtd.,
Schumacher, Ontario: Bureau of Mines Inf. Circ. 6741, 1933, 18 pp.

10 Foreman, C. H., Mining Methods and Costs at the Hecla and Star Mines, Burke,
Idaho: Bureau of Mines Inf. Circ. 6232, 1931, 31 pp.

11 McGilvra, D. B., and Healy, A. J., Methods and Cost of Mining at the Black Rock
Mine, Butte & Superior Mining Co., Butte District, Mont.: Bureau of Mines Inf. Circ.
6370, 1930, 16 pp.

12 Stoddard, A. C., Mining Practice and Methods at Inspiration Consolidated Copper
Co., Inspiration, Ariz: Bureau of MOines Inf. Circ. 6169, 1929, 23 pp.

13 Schaus, O. M., Mining Methods and Costs at the Montreal Mine, Montreal, Wis.:
Bureau of Mines Inf. Circ. 6369, 1930,29 pp.

Compartments

TABLE 12.-Data on typical inclined shafts

InclinationOver-all dimensions
in clear

5 ft. by 16 ft. (approx.)_1 50°----------1 2 skips, 1 pipe and man
way.

Mine

Page, Idaho

Burra-Burra, Tenn. 6 ft. by 18 ft. 6 in 74°30' 2 skips; 1 ladder, pipes, 4-ton skiP ll'500 to 1'600__ 1 Separate shaft
(1928),1 and cables. partly.

Nevada-Massachusetts, 4 ft. by 8 ft. 6 in 700 average __ Each shaft has 1 skipway I-ton skip 250 All service through
N ev. (2 shafts).2 and a pipe and ladder- the two shafts.

way.
Cortez, Nev.3 6 ft. by 12 fL 73° Untimbered I-ton skip _
Mt. Hope, N. J.4 16 ft. by 19 ft. 4 in 64° 2 skips, 1 manway __ ------1 48-cubic-f 00 t

skip.
Argonaut, Calif.5 5 ft. 9in. by 13ft. 11 in_ 70° 2 skips, 1 manway 4-ton skip _

1 McNaughton, C. H., Mining Methods of the Tennessee Copper Co., Ducktown,
Tenn.: Bureau of Mines Inf. Circ. 6149, 1929, 17 pp.

2 Keener, O. W., Method and Cost of Mining at Barr Mine, Tri-State Lead and Zinc
District: Bureau of Mines Ini. Circ. 6159, 1929, 9 pp.

3 Poston, R. H., Method and Cost of Mining at No.8 Mine, St. Louis Smelting & Re
fining Co., Southeast Missouri District: Bureau of Mines Inf. Circ. 6160, 1929, 22 pp.

4 Eaton, Lucien, Mining Soft Hematite by Open Stopes at Mine No.1, Menominee
Range, Mich.: Bureau of Mines Ini. Circ. 6180, 1929, 10 pp.

5 Keener, O. W., Methods and Costs of Mining at the Hartley-Grantham Mine, Tri
State Lead and Zinc District: Bureau of Mines Ini. Circ. 6286, 1930, 8 pp.

6 Livingston, A., Mining Methods and Costs at Fresnillo, Zacatecas, Mexico: Bureau
of Mines Ini. Circ. 6661, 1932,31 pp.

7 Eaton, Lucien, Mining Soft Hematite at Mine No.2 of the Marquette Range, Mich.:
Bureau of Mines Ini. Circ. 6179, 1929, 15 pp.

1 l\fcNaughton, C. H., Mining Methods and Costs of the Tennessee Copper. Co.,
Ducktown, Tenn.: Bureau of Mines Inf. Circ. 6149, 1929, 17 pp.

2Heizer, O. F., Method and Cost of Mining Tungsten Ore at the Nevada-Massachus
setts Mines at Mill City, Nev.: Bureau of Mines Inf. Circ. 6284, 1930, 11 pp.

3 HezzelwQod, G. W., Mining Methods and Costs at the Consolidated Cortez Silver
Mines, Cortez, Nev.: Bureau of Mines InL Circ. 6327, 1930, ]5 pp.

4 Sweet, J. n., Mining Methods and Costs at the Mount Hope Mine of the Warren
Foundry & Pipe Corporation, Mount Hope, N. J.: Bureau of Mines InL Circ. 6601,
1932,31 po.

5 Vanderburg, W.O., Mining ~t[ethods and Costs at the Argonaut Mine, Amador
County, Calif.: Bureau of Mines Ini. Circ. 6311, 1930, 14 pp.

6 Berg, J. E., Mining Methods at the Page Mine of the Federal Mining & Smelting Co.,
Page, Idaho: Bureau of Mines Inf. Circ. 6372, 1930, 8 pp.
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METHODS, EQUIPMENT, AND COSTS OF DRIVING ADITS

Although practices in vogue for many years are still employed in
small-scale operations, decided advances llave been made, particularly
in the last decade and especially in connection witll large-scale opera
tions. Contributing to this are introduction of mechanical loading
equipment, mechanical ventilation, availability of clleap power, im
proved rock-drilliIlg equiplnent, use of drill carriages and tenders in
large headings, and mechallical haulage, all of which help to increase
speed. TIle use of mechanical 10adiIlg equipment permits pulling
longer rounds at the sanle or lower total cost per foot.

Mechanization has not been brougllt about solely as the result of a
desire to lower costs or to increase speed but, to an extent greater than
is sometimes appreciated, by chaIlging labor conditiops. The younger
generation of miners is more averse to arduous handwork than the
older ones but takes kindly to operating machines.

EQUIPMENT

Equipment for driving is of four general types-drilling, blasting,
loading aIld transportation, and ventilating.

Modern drilling equipment comprises rock drills; rock-drill acces
sories, including drill mountings, hose, and fittings; drill-steel and drill
sharpening equipment; air-compressor and motive power; and pipe
lines for air and water. On some large jobs, mobile drill carriages and
tenders also are included. Among tIle more recent innovations that
are increasing in favor are detachable drill bits. When these are
employed, a bit-grinder also may be required. The type and size of
rock drill employed will depend on the nature of the ground. Where
the rock is hard, 3-, 3}~-, or 4-inch Leyner-type drifters are customary.
In the softer ground, mounted jackhammer-type drills of about 2%-inch
bore may be used. Quite recently automatic-feed drifters have been
introduced and are finding favor on some jobs. Wet-drilling is or
should be used in all adit work.

In large or moderately large headings and for use in fast driving,
drill carriages have often proved advantageous. On these carriages
are nlounted the drill columns and arms, air and water manifolds with
large hose for connection to the pipe lines, and regulation hose for
connection to the machines. Racks for drill steel may also be included
or may be carried on a separate truck or tender. Figure 22, A, shows
a drill carriage and figure 22, B, a tender employed in driving an adit at
Ojuela, Durango, Mexico.77

It will be noted that in this outfit only the drill bars are mounted on
the carriage and the compressed-air connections are on the tender,
which also carries a Coppus blower for ventilation.

Blasting may be done either with fuse and caps or electric detonators.
Electrical firing has the advantages of safety and reduction in amount
of smoke produced, and with delay detonators the proper sequence of
firing and hence a, better break is assured. Electric firing may be done
from a, power circuit or by use of blasting machines. When a power
circuit is employed, the necessary switches must, of course, be pro
vided. If the power circuit is a high-voltage one, step-down trans
formers also are necessary.

ii Savage, John P., Tunnel-Driving Methods Used at the Ojuela Unit of the Compafiia Minera de Pefioles,
S. A., Ojuela, Durango, Mexico: Bureau of Mines Inf. Circ. 6480, 1931, 8 pp.
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When loading is by hand, picks, shovels, and sledges for breaking
boulders are about all that is required. Mechanical loaders are of two
general types-scrapers and shovel or dipper-type Inachines.

MECHANICAL LOADERS

Scrapers.-Scraper-Ioading has been discussed in an earlier Bureau
of Mines publication. 78

For use in driving headings, a scraper-loader consists of the following
essential elements: A hoist, preferably double-drum, driven by electric
motor or compressed air and mounted on a scraper slide or ramp; a
scraper of the hoe, semihoe, or box type; pull and tail ropes; tail-rope
sheave and means of anchoring it at the face; and a scraper slide
mounted on wheels and terminating at the rear end in a boom, under
which the rock cars are spotted for loading. TIle slide may, if desired,
be mounted on caterpillars. Cars may be spotted and changed by
hand, locomotive, or a car-puller.

Figure 23, A, shows a common type of scraper slide with the lloist
mounted above it and a car spotted in loading position under the
boom, and figure 23, B, is one with the hoist mounted below the slide.
Figure 24 shows an outfit in which the slide and boom are mounted
on a large car and the hoist on a tender at the rear. This equipment is
adapted to straight headings llaving a cross section of 8 by 10 feet or
larger; delays in loading occasioned by frequently cllanging cars,
which are unavoidable with small cars, may be reduced to a minimum
by the use of large cars. Figure 25 shows several types of scrapers
used with loading slides.

Among the advantages of scraper loaders is their comparatively
small first cost and low maintenance charges. Power costs are low,
especially if electric drive is employed; primary power consumption
with electric drive is only about one-eighth that with compressed-air
drive. The largest single item of operating expense next to labor is
renewal of wire ropes. Another advantage lies in the fact that only
the scraper, a relatively inexpensive part of the equipment, need go
near the face, which is an advantage in some ground where the back
may fall. The lloist, scraper, and ropes can often be used interchange
ably between development headings and stopes, thus reducing the total
investment in loading equipment.

Although scrapers sometimes are used in small headings, ordinarily
they will not save much as compared to hand loading in headings less
than about 7 by 7 or 8 by 8 feet in cross section. For headings smaller
than this, a small shovel-type loader is often preferable. For headings
of this size and larger, scraper loading usually can show a saving in
cost per foot alld greater driving speed as compared to hand loading.
By properly proportioning the size of the scraper and the capacity of
the hoist to the size of the heading, scraper loading can be employed
successfully in any size of heading above the minimum. If the
proportion is right and proper facilities are provided for handling
cars an.d eliminating delays, about 2 hours will be required to muck
out a heading, regardless of its size.

With any type of mechanical loading, efficient operation depends
on elimination of delays, which add to the time the machine must
remain at the face and reduce the ratio of actual loading time to
total time. This is particularly important in. speed work, where each

78 Jackson, Obas. F., Underground Scraping Practice in Metal Mines: Bureau of Mines Manuscript
Rept. 1, 1933, reprinted by Sullivan Machinery 00., 1933,88 pp.
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Approximately 25 feet

A

SECTION A-A

FIGCRE 24.-0ne-car scraper-slide unit, lVlontreal mine, \Visconsin. (From Handbook of Scraper
Mucking.)
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cycle (~rilling, blasting, mucking) follows th.e preceding one in quick
succeSSIon.

Shovel loaders.-Shovel loaders employed in metal-mine work are
of two general types-those that load directly into a car close-coupled
behind the loader (fig. 26), and those that load onto a conveyor belt
that delivers the rock to tIle car (fig. 27). They are generally driven
by compressed air. The first type is most common in mine work and
is particularly well adapted to headings smaller than 7 by 7 or 8 by 8
feet in cross section. Scraper loaders are competitors in larger
headings, and the choice deperlds on local conditions or personal
preference. The second type of shovel loader also competes with
scrapers in larger headirlgs but is gellerally n.ot applicable to small
headings. This and previous generalizations are based on personal
observations of current praetice and equipnlent, and it is realized that
as they are written or before they are published new machines may be
on the market that might necessita,te modification of the statements
made.

Shovel loaders cOlIlmonly are nlounted on wheels (fig. 27) and run
011 the mine track, and in types now most commonly employed the
dipper is thrust into the muck pile by the tractive power of the
machine. These loaders may be moved in and out of the heading
under their own power or may be hauled by a mine locomotive.
Scraper loaders usually must be hauled. Shovel loaders are also
sometimes mounted on caterpillar crawlers (fig. 28). Another type
of shovel loader is similar to shovels employed on surface, the thrust
being transmitted to the dipper through a dipper stick or other thrust
mechanism, which, when raised, may be swung to deliver the rock to
OIle side of or behind the machine.

As this is written, a paper is in course of preparation 011 Shoveling
Machines in Underground Metal Mines 79, to which the reader is
referred for greater detail. This paper is based UpOIl a study, extend
ing over a year, of the use of shovel-type loaders in metal mines in a
large number of districts in the Eastern, Oentral, and Western States.

Transportation equipment.-After the rock is loaded into cars by
hand or mechanically, it usually is trammed to the dump in cars
by hand or by a locomotive. Hand tramming is not, as a rule, econom
ical for long distances. When the cars are loaded mechanically they
are sometimes trammed a short distance by hand to a, siding and from
there hauled by locomotive. Small cars of 1 or 2 tons capacity are
employed for hand tramming and cars of 1 to 6 tons or-greater capacity
when motor haulage is employed.

Large cars are preferred for mechanical loading, as they enable the
loader to work more continuously. The one-car scraper-slide unit
shown in figure 24 has already been mentioned. With this equipment,
the entire unit is hauled to the dump when the car has been filled and
loading is interrupted until it has been returned to th.e face. When
ordinary cars are employed, the .time occupied in switching is not
necessarily all lost, as frequently the shovel (or scraper) can be
employed in cleaning up, preparing the muck pile for loadirig, or in
moving ahead.

Cars ordinarily are steel and of the types commonly employed in
metal mines. They usually have roller bearings and may dump

711 Mosier, McHenry, and Steinmesch, J. H., Mechanical Shoveling in Underground Metal Mines: In
press.
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endwise or sidewise by tipping the body,
or they may be of the bottom-discharge or
gable-bottom type. The manner of dump
ing depends on facilities and conditions on
the dump or may be determined by the type
of car most readily available. Either trolley
or storage-battery locomotives are suitable
for haulage in adits and tunnels. Gasoline
driven locomotives should not be employed
because of the danger from exhaust fumes.

Track is ordinary steel rail of proper weight
for the service to which it is put or is to be
put later and is laid on the adit grade. For
locomotive haulage one-fourth to one-half
percent upgrade to the face has been found
most satisfactory. If the principal function
of the adit is for drainage rather than
haulage, steeper grades may be preferable.

To permit running cars and shovel loaders
close to the face, short sections of track can
be made up with fish plates for connection
to the end of the permanent track. For
quick change of cars behind a mechanical
loader, movable switches and turnouts are
convenient. Figure 29 shows the arrange
ment used in driving at Ojuela. An arrange
ment for lifting the car off the track and to
one side has been employed satisfactorily to
pass cars on a single track. In headings
wide enough for double track, passing
arrangements readily can be provided.

Rubber-tired trucks without track have
been employed for .transporting broken rock,
and it is likely that in the future loading onto
belt or pan conveyors extending from the
face to the dump may come into quite
common use in tunnel driving.

Ventilating equipment.-Ventilation of the
face is important, particularly in long adits
and high-speed driving. If natural ventila
tion only is employed, the time interval
that must be allowed between blasting and
return to the face for mucking becomes
increasingly longer as the length of the adit
increases, which obviously reduces the speed
that otherwise might be attained. It has
long been customary to turn on the com
pressed-air line and blowout the face after
blasting and to depend to some extent, at
least, on the exhaust from rock drills or
loading machines to provide ventilation
while men are working at the face.

Although this may be fairly satisfactory
in short headings, it is an expensive method
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from t.he stalldpoint of power consumption in any case, and in long
headings is not as satisfactory as an independent low-pressure venti-
lation system. .

The most positive and effieient system is an independent low
pressure one with a reversible fan at the entrance delivering air to the
face through a steel pipe. Collapsible tubing in place of the steel
pipe is widely used when it is desired only to blow air to the face and is
very handy for this purpose as an extension from the end of the pipe
that is usually kept some distance back from the face to prevent dam
age from blasting. Thus, while drilling or mucking, the tubing can be
attached to carry air right to the face, and just before blasting it can
be rolled back out of the way.

In some instances return to the face after blasting can be expedited
by exhausting through tIle pipe for a period a.nd then blowing by
reversing the fan. There is some difference of opinion about this, but
if the pipe can be kept near eIlough to the faee the ftunes may be

NOZZLE

~ ~···I'-·t -,' '?

~ /2" ~
'5, Stamard! :. /2"

pipe cap

~1-~1~_"di_amet_er-"$==.llW 'r !'1P
LG - -------:i6.~

~Lfltl !_C=---------JctJ'---__~..L.-;_:J
NOZZLE BRACKET

FIGURE 30.-Venturi type of cOlllpressed-air injeetor used for auxiliary ventilation in the United Verde mine.
Arizona.

exhausted quickly while the workmen are entering, through fresh air
drawn in to displace tha,t exhausted through the pipe; whereas in
blowing, some of the fumes simply will be churned about at the face
for some time while the rest are being blown out the adit, and the men
entering must pass through them at some place along the heading.
Obviously, collapsible tubing cannot be used for exhausting.

Ventilators of the injector type have been employed to a considerable
extent. They are cheaply constructed and easily installed but waste
so much power that they are used only in temporary or emergency
auxiliary servioe 80 (such as in driving adits or tunnels). Air jets and
injectors take many forms, from nozzles designed to screw onto a
compressed-air hose to well-designed venturi types (fig. 30). The

80 McElroy, G. E., Engineering Factors in the Ventilation of Metal Mines: Bureau of Mines Bull. 385,
1935, pp. 133-134.
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nozzle is connected to the compressed-air line, as shown in the illustra
tion. The efficiency of even the best venturi types is usually less
than 7 percent for the jet and 45 percent for production of compressed
air, or 3 percent over-all.

METHODS OF DRIVING

It is not proposed to begin a long discussion of practices employed
in driving mine headings that have been described in detail in an
earlier Bureau of Mines publication.8! Methods employed in driving
adits are virtually tIle same as those used in drifts and crosscuts,
numerous descriptions of which are given in the series of information
circulars on mining methods and costs published by the Bureau begin
ning in 1929 and continuing to the present.

In driving large aqueducts, railroad and vehicular tunnels, and the
like, special technique often is employed, such as carrying a low head
ing at the top ahead of the bottom bench, which is taken up later, or
driving a small pilot tunnel that is later enlarged to finished size. In
mine work, the face usually is advanced as a single full-size heading,
though modifications of tllis may be employed where unusllal condi
tions, such as running, swellirlg, or sloughing ground, occur. Thus, it
may be necessary to keep timber close to the face and spile ahead, or to
drive a narrow vertical slot on both sides and over the top of the face,
put in posts, cap, and lagging, and then remove the core.

Generally, adits may be advanced by drilling and blasting regular
rounds, which often can. be standardized for the particular conditions
of each job. The principle upon which standard types of rounds are
based is to drill cut-holes, whicll when blasted pullout a small plug or
wedge of rock, providing free faces to which surrounding holes, timed
to go slightly later, will break. In ground at all tight it is axiomatic
that if the cut-holes fail to break out the cut the other holes will fail
to break well unless unusual slips or seams happen to cause a freak
break.

The principal types of rounds are those employing a V or wedge
shaped cut; a "pyramid" cut that pulls a pyramid or cone-shaped block
near the center of tIle face; a "Michigan" or "burnt" cut that pulls
a cylindrical core near the center of the face; and the "swing" or
"Rlabbing" cut. By whatever names these cuts may be called locally,
they are of th.ese types or merely variations thereof. The V cut may
be drilled to pull a horizontal wedge extending across the face from side
to side or a vertical one from top to bottom. Such a wedge is usually
across or up and down near the center line of the face but may be
above, below, or to one side. Sometimes the wedge is along one rib or
along the bottom, when it may be termed a "draw" cut or, in the latter
case, a "toe" cut.

In the V cut two rows of holes are drilled at angles to the face such
that opposite holes meet at the bottom or nearly so (fig. 31, A). In
the pyramid cut the holes are drilled at angles to meet, or nearly so,
at a common point to permit concentration of the explosive charge
as much as possible at the bottom of the cut (fig. 31, B). In this cut
there may be 3 to 8 (usually 4) holes all drilled toward a common point.
In the burnt cut a number of holes are drilled straight in (normal to

81 Gardner, E. D., Drilling and Blasting in Metal-Mine Drifts and Crosscuts: Bureau of Mines Bull. 311,
1929, 170 pp.
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the face), as in figure 31, C. In the round depicted, the two center
holes (in black) receive no explosive charge, but the cut holes 1 and
easers 2 are loaded and shot. The center holes provide space and lines
of weakness for the rock to break to. This round is particularly suited
to small headings where the rock is tough and the ground tight.
Figure 31, D, shows a slabbing round sometimes employed in wide
headings. In this round the order of firing is such that the short holes
go first, breaking out a triangular-shaped (in plan) block toward the
free face, thus providing a new free face for the next holes to break to,
and so on successively to the last and longest holes.
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FIGURE 31.-A, V cut. B, Pyramid cut.

A r---T---r---_,. 8' -, 1\ I I ,,,....,
I' , ~ /1 ),
" IF... I..co /~ //,

0 0 0 ,,~I /CO ItO L. ......\
7 6 7 " ,3dJround/ //6,...;( '"I, I I / / ..... / ~'i! I

40 39 0 l' )~_L "',L.Lr"--'--1---14
0 0 I \,-<" \ \ 2d\round I "
5 19 5 I (J.:'\ \ ~\ ~\ , 'I

~" 9~ l7~ u)~ ..\ I ' I
00 20- • • -02 , .j~"., \ ~ \ ~\ ~It'

----'- --\.- \ ~,I

16 ... - .... .t I ......, I
0 0 ..... I "
8 8 '\, 'I

0 \ , I3
~ I

10 9 10 , I
P 0 ~ 1-y

In cut-hole rounds it is sometimes the practice, where it is difficult
to break the round, first to load and blast only the cut-holes, return
to the face, and, if the cuts do not break, reload them and then load
the rest of the holes and blast the entire round. When this is done,
it is obvious that good ventilation is required to permit prompt return
to the face a.fter the cuts are first blasted.

In any type of round it is essential that the order of firing be such
that holes progressively farther from the cut are blasted in succession.

Many adits, particularly if driven in country rock, require no
artificial support, or if so, only in certain sections. The back often will
stand better without artificial support if it is arched in the center.
Some ground will stand unsupported for a time and will then begin
to slough. In this instance, timbering can follow some distance behind,
the face without interruption of the drilling-blasting-mucking cycle.
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In worse ground it may be necessary to carry the timbering close to the
face and put in a set after each round. Figure 32, A, shows a three
piece set of timber and figure 32, B, an arch set.

Sometimes adits that are in bad ground and are to be in use for a
long time are concreted, the concrete being put in after the adit has
been completed or in sections, OD.e at a time, as it advances. Figure
32, 0, shows a typical concrete lining.

Organization of driving operations is importallt, especially in
three-shift speed work. Where speed is not particularly desired and
hand loading is employed on regular shifts, work is generally scheduled
so that drilling and blasting are done on one shift and mucking on the
next, with a time interval between shifts adequate to allow the smoke
to clear. The crew in this case is usually divided into two classifica
tions, miners or machinemen and muckers. In the United States it
has been customary for many years to do this type of work on contract;
that is, at a straight price per foot of advance. This price usually
covers labor only or labor and explosives, but the company guarantees
at least minimum prevailing wages. The price may be in the form of a
schedule that provides for variations in the rate, depending on the
character of the rock, and extra payment for timbering, track laying,
and other extras. An alternative is payment according to a bonus
system, which provides standard wages for a certain minimum ad
vance per month or per pay period and a graduated increase for foot
age advanced in excess of the minimum.

Where speed is required, three shifts usually are employed, which
may be consecutive or overlapping. In continuous work it is obvious
that positive ventilation must be provided to reduce delays after
blasting to a minimum. Each operation-drilling, blasting, or
shoveling-is completed in the shortest time possible, and each shift
usually is composed of a crew capable of performing the work of any
part of the cycle under a boss or shift leader. Usually, a bonus system
of payment is employed, whereby additional wages are paid for foot
age that exceeds a fixed minimum per pay period or per month. ,!'here
are variations in organization of speed work too numerous to be dis
cussed in detail llere. When mechanical mucking is in use, there
may be a separate crew that comes on after each blast and works split
shifts, or the loading machine may be operated by the regular shift
crews. Track laying usually is done by the regular crew as part of the
contract price, and timberillg generally is done by the regular crew
when timber must be set after each round is mucked out, or by a spe
cial timber crew where timbering follows some distance behind the face.

COST OF DRIVING

Costs vary considerably with the size of the heading, drillability of
the rock and relative ease with which it breaks, amount and nature of
ground support required, speed of driving, equipment employed,
labor and supply cost, and other local conditions.

These considerations are obvious for the most part and require no
particular discussion except with regard to speed of driving. Up to a
certain rate, which varies with conditions, greater speed usually
results in savings in cost per foot by reason of reduction of unit over
head or general charges. Beyond this critical rate, the cost per foot
will tend to increase. High-speed work is necessarily nicely organized,
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and any disruption in tIle regular cycle of operations is reflected in
increased costs. Thus, for example, wIlere speed is the prime objective,
consumption of.explosives is likely to be high, due to pulling rounds of
more than the most economical length and liberality in amoun.t used
per round to insure that the round will break. However, even though
costs per foot may be higher, increased speed may actually effect an
over-all money saving in the mine operation by advancing the date
when ore development and extraction can be begun.

Table 13 gives a few typical examples of costs of driving adits
that for the most part are untimbered. Timbering or concreting
obviously will add cOIlsiderably to the cost. At Ray, Ariz. (fig. 32, C),
cost of concreting was $22 to $25.24 per cubic yard of concrete
placed. 82

82 ThOInas, Robert W., Concreting Drifts at Ray Mines Division of Kennecott Copper Corporation:
Am. lnst. Min. and Met. Eng. Tech. Pub, 730, 1936, 14 pp.
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expense

-----1--------( 1---1 1----1------..

~
t:ri
8

~
~
H

~
H
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o
~
~
>0,
1-3
t--r
o
trJ

23.84

625.83

2.83

• 48 I 1. 54 I 8. 70
(timber)

5. 94 I 2. 79 111 26. 62

4.47 I 2.58 I 9 31. 08

2.44

6.095 I 32.537 I 324.057

$3. 77 I $2. 945 I $21. 365$0.84

30.066

2.53
(power

and
com
pressed
air.)

4.38 1 1

2.64

1. 13 I Not given.

$3.48

5.55

18.86

13.51

16.56 I 2.01 1 1

$10.33

- - - - - - - -. - --- - - - -/------------1--------, ------ -- --

A v. 16 months,
544.2 ft. per
month. Max.
661 feet.

N one except in I 714 ft. per month.
caliche. Average cycle

5 hrs. 37 min.

Timbered with 7.31 feet per day,
3-piece sets 2 shifts.
and lagged.

Duck-bill load
er attached
to shaking
conveyor.

Hand 1 Only in loose
ground near
portal.

Scraper slide I Practically none_I 495 feet in 168 1313.375 I 31. 984
hours.

Hand -I About 73 tim-I Muck and drill
bered. s i m u I tan e 

ously.
Scraper slide J None____________ 6 feet per shift

complete
cycle.

Shovel-t y p e
mechanical
loader.

Shovel-type I Littletimbering 1 505 feet during
loader. required. month.

Conway load- None in portion 1,088 June '__ I I I I I_---------11312.78
er. covered by 1,327 July 14 16.45

cost figures.

4-drill carriage
and steel car,
29-hole pYra
mid-cut
round.

Undercut with
coal cutter. 6
hole round
drilled with
coal drill.

Short (4-ft.)
rounds. 4 ma
chines on
crossbars. 21
to 23 holes (29
exceptionally)
center V-cut.

3 machines, pyr
amid cut, 31
holes.

4 machines on
jumbo, 30
holes, 8 ft.
round.

28-hole pyramid
cut. (Fig. 33.)
4 machines
and drill car
riage.

36 holes includ
ing 8 cuts; 2
machines on
crossbars.

2 machines on
crossbar.

872 by 9 I 300 ft. caliche,
3,257 ft. calca.
reous sh~les,

1,850 ft. lime
stone.

10 by 8 1 Hard, crystal-
line limestone.

10 by 8 1 474 ft. slide rock;
4,009 ft. green
stone; 4,224 ft.
slate; 1,085 ft.
metagabbro.

8 by 8 -' Medium hard _

10 by 12 I Very hard and
blocky to very
soft and schist
ose.

11 by8 1 Shales and sand-
stone.

8~2 by 10__ 1 Granodiorite
and hornblen
dite.

11 by 11, I' Oabbro _
inside
timbers.

Colony Coal Co.,
Colo.,7 1930.

B. C. Nickel,IO
Sept. 1934.

Halkyn, Wales, 2

July 1-15, 1933.

Park-Utah,
Utah,~ about
1929.

Britannia, B.
C.~, prior to
1935.

Ojuela, Mexico,1
1927-1928.

SuyoC, P. I., 12
1937.

Sheep Creek,
Alaska, 8 prior
to 1914.



t Savage, John P., Tunnel-Driving Methods Used at the Ojuela Unit of the Com
pania Minera de Penoles, S. A., Ojuela, Durango, Mexico: Bureau of Mines Int. Circ.
6480, 1931, 8 pp.

2 Allan, J. C., Twelve-Mile Bore to Drain Halkyn Lead District [North Wales]: Eng.
and Min. Jour., vol. 135, No.6, June 1934, pp. 253-25.5.

3 To make comparable with costs at other mines listed, cost of hoisting, $1.033, not
included.

4 Hewitt, E. W., Mining Methods and Costs at the Park Utah Mine, Park City,
Utah: Bureau of Mines Inf. Circ. 6290, 1930, 18 pp.

Ii Brennan, C. V., The Mining Operation at the Property of the Britannia Mining and
Smelting Co., Ltd., Britannia Beach, B. C.: Bureau of Mines Inf. Circ. 6815, 1934,
36pp.

6 Includes proportion of all construction and equipment expense and capital charges
for compressor, steel shop, IOO-pound track, and trolley wire.

1 Bryson, W. D., A Mechanically Driven Level Rock Tunnel: Bureau of Mines,
InI. Circ. 6598, 1932, 4pp.'

8 Engineering and Mining Journal, Driving the Sheep Creek Tunnel: Oct. 17, 1914,
pp. 693-698.

\I Includes depreciation on mining tools, $1.29, and loss on boarding house, $1.17.
10 Merrett, E. J., Tunneling at B. C. Nickel Mines: Canada Min. and Met. Bull.,

297, January 1937, pp. 11-16.
11 Cost of 4,546 feet of tunnel, $23.76.
12 Harman, John W., Fast Tunneling in the Philippines: Eng. and Min. Jour., March

1938, pp. 53-56.
13 Breaking, $7.92; mucking, $0.84; tramming, $1.03; ventilation, $0.01; engineering,

$0.10; general overhead, $2.88.
14 Breaking, $9.32; mucking, $0.87; tramming, $0.28; ventilation, $0.05; engineering,

$0.08; general overhead, $5.85.
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EQUIPMENT, METHODS, AND COSTS OF SHAFT SINKING

The technical literature is replete with descriptions of and data on
shaft-sinking methods and costs. The subject of shaft sinking llas
been discussed at some length in an earlier Bureau of Mines bulletin.83

A number of shaft-sinking operations are described in detail in the
series of information circulars on mining methods and costs, to some
of which reference will be made later. Hence, the present discussion
will be confined to the broader aspects of the subject.

Small shallow shafts in isolated districts often are sunk by hand,
hand windlasses or whiIns being used for hoisting the muck in small

CE NTER OF MACHINE
WHEN REVOLVED
AROUND BAR)

c;;;(/ jc;:; ~
POSI TION OF ~

: TOP BAR OF ~

CA~~~.
~

~

I 1 ~ Ie ~ 20 - 21

@

Z'·24-tS-U.

FIGURE 33.-Standard 28-hole round.

buckets, and such methods frequently are employed to depths of 10
to 25 feet or more in starting larger shafts.

During the past 20 or 30 years there have been decided improve
ments in the technique, equipment, and praetices enlployed in~ shaft
sinking, both a.s applied under normal hard-rock conditions and for
sinking through wet, caving, or running ground.

SHAFT-SINKING EQUIPMENT

The usual equipment for sinking at metal mines may be grouped
roughly under eight classifications-drilling, blasting, mucking, hoist-

S3 Gardner, E. D., and Johnson, J. Fred, Shaft-Sinking Practices and Costs: Bureau of Mines Bull. 357,
1932, 104 pp.
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ing, pumping, ventilation, power plant, and miscellaneous equipment,
not including general shops and necessary building structures. A
great deal of this equipment, such as air compressors and power
plant and shop equipment, will be already available if the shaft is
being sunk at an operating mine, and general equipment of this nature
is not discussed here.

Drilling equipment comprises air compressors, rock drills and acces
sories such as hose and fittings, drill steel and steel-sharpening or
grinding equipment, air and water pipes, and manifolds or headers.
Rock drills for shaft work usually are of the hand-held or "plugger"
type weighing 35 to 80 pounds, although heavier machines mounted

~ n ~

Scale, inches

FIGURE 34.-'rypical air and water header or manifold.

on cross bars sometimes are employed for drilling very hard ground in
long narro"r sllafts. Modern practice calls for h.ollow drill steel and
wet drilling, using conventional types of forged bits or detachable
bits.

In the larger shaJts, where several drills are operated at a time, air
hose, line-oilers, and water-hose connection.s to tIle drills usually are
attached to a manifold or Ileader. In the largest shafts there may be
separate air and water h.eaders. TIle header is connected .to the air
and drilling-water pipes in the shaft by heavy hose. It is usually
raised and lowered quickly after and before drilling operations by a
tugger hoist mounted on tIle shaft timbers 30 to 50 feet or more above
the bottom of the shaft, or by chain blocks, or it ill.ay be hoisted to the

141609°--39--8



104 METAL-MINING PRACTICE

surface when not in use. These headers may be made up of pipes
and fittings, or of pipes, fittings, and special castings assembled in a
variety of ways, one of which is shown in figure 34 and which is a
combination air and water header. Some headers are also provided
with hooks on which to hang the rock drills.

Although fuse and caps are still employed for blasting in small
shafts, modern practice requires electric blasting for greater safety,
for reducing the number of misfires, and for more precise timing of the
order in which the holes will go. Electric blasting necessitates the use
of either blasting machines or switches and wiring for connection to a
power circuit. With blasting machines the leg wires of the detonators
are connected in series, and with power-circuit firing they are connected
in parallel.

In either instance leading or main wires usually are wound on a reel
for convenience in lowering to the bottom of the shaft from the surface
or from the end of the fixed wiring in the shaft or in an upper shaft
station. The lead and fixed wiring should be of approved type, insu
lated to withstand water, and of ample capacity for tIle length of
tra,nsmission and the current to be carried. Permanent \\..-ires should
be attached to insulating spools or other standard suspension and
should not be wound around nails or secured bv other makeshifts.

Blasting shields for protection of the shaft timber against flying
rock may be classed arbitrarily as part of the blasting equipment,
although they serve other purposes of equal usefulness, such as
protection for the men at the shaft bottom against falling rock or
material and as staging on which they may work when installing
timber. Figure 35 shows a common form of blasting shield. They
may be constructed of standard structural-steel shapes and perforated
plates, of timber, or of a combination of steel and timber, with open
ings for passage of the bucket, skip or cage, for ventilating and other
pipes, and for men. For convenience in lowering, the set may be
suspended by cables or from chain blocks at each corner, or both.
The shield should be as light as possible, consistent with strength
and rigidity. In small shafts it is common practice to use a false set
bolted to the under side of the last permanent shaft set for protection
of the latter instead of a more elaborate blasting set of the type
described above.

Mucking usually is done by hand with ordinary pointed shovels,
picks, and sledges for breaking large boulders, although at least one
successful attempt to employ scraper loading has been reported. 8ol

The conventional method of mucking is to shovel by hand into a
sinking bucket or small skip. In large, deep shafts it is necessary to
hoist in buckets or skips of relatively large capacity to reduce the
hoisting time. To avoid the use of high buckets, which are difficult
to shovel into, and to reduce mucking delays, a low loading "pan" or
"scoop" has been used successfully in a number of shafts. The pan
is filled by hand shoveling and is then lifted a few feet by means of a
small hoist set on the permanent shaft timbers above and dumped
into a skip (fig. 36) or into a car on a special sinking cage. This scheme
has been credited with reducing mucking time by as much as 20
percent at some mines, although operators disagree as to its efficacy,
some preferring direct mucking into skips or buckets.

84 Mendelsohn, Albert, Mining Methods and Costs at the Champion Mine, Painesdale, Mieh.: Bureau
of Mines Inf. Cire. 6515. 1931, 16 pp.
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FIGURE 36.-Loading pan and shaft-sinking skip.
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Hoisting equipment includes, in addition to the auxili&ry lloists
already referred to, buckets, crossheads, skips and cages, hoisting rope,
signal system between the hoistman and the shaft bottom and shaft
landing, the lloist, and the head-frame structure, dumping arrange
ments, and head sheaves.

Sinking buckets usually range in capacity from 10 or 12 to 30 cubic
feet, or from }6 to 1}6 tons, though sometimes their capacity-is as small
as 750 pounds and rarely are they as large as 2 or 3 tons. They may
be constructed as shown in figure 37, with the bail attached at the top
and a ring or a chain and ball attached to tIle bottom for overturning

Bail of l%-inch round iron.

1 o
Scale, feet

2

FIGURE 37.-COlnmon type of sinking bucket.

at the dump, or with the bail attached on the sides just below the
center of gravity. The latter type is kept from overturning in the
shaft by a ring on the bail, which slips over a lug extending above
the rim of the bucket.

In sinking to depths of 200 or 300 feet, buckets without crossheads
are sometinles used. Thus, in the Tri-State zinc and lead district it
has been the practice for years to sin.k single-compartment shafts
about 5 by 7 feet in cross section, using 1,200-pound buckets or "cans"
attached to "nonspinning" ropes, and without a crosshead. How
ever, except for very sllullow depths, erossheads should ~e used to
prevent spinning and s,vinging of the bucket against the SIdes of the
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FIGURE 38.-Types of crosshearls. A, Simple truss crosshead. B, Special crosshead.
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shaft. A single deep beam with a shoe on each end to fit over the
guides sometimes is used but may cause accidents by jamming be
tween tIle guides while the bucket is in motion. A simple truss struc
ture, the depth of which is at least two-thirds the distance between
guides, is often employed (fig. 38, A)85; or, for greater safety, a con
struction may be used that embodies a bonnet or hood and safety
latches and safety dogs designed so that the buck:et and crosshead will
stay together and the dogs will grip the shaft guides and hold the
crosshead if the rope breaks. Figure 38, B, shows a special type of
crosshead used at some mines in Ontario, which prevents the bucket

FIGURE 39.-Safety crossbead used in sinking Eureka (Utab) sbaft.

from swinging and is equipped ,vith a safety latch that prevents the
bucket from dropping below the crosshead if the latter should catch
and hang up in the shaft. Figure 39 shows a safety crosshead equipped
witll safety dogs to grip the guides if the rope should break.86

When skips or mine cages are employed for shaft sinking, they are
equipped with long extension runners or sh.oes that engage the wooden.
shaft guides or their extensions below the timbers when tIle car is in
loading position at the shaft bottom (fig. 40).

85 Sawyer, D. L., Sbaft-Sinking Practice at Copper Mountain: Eng. and Min. Jour., vol. 130, No.4.
Aug. 23, 1930, p. 166.

86 Engineering and Mining Journal, Safety Crossbead Reduces Accidents and Attendant Expenses:
Vol. 128, No. 20, Nov. 16, 1929, p. 780.
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In. sinking inclined shafts, buckets may be employed if the inclina
tion is steep, when they may either run on skids or on a trolley (fig. 41);
for flat inclinations, skips or cars running on rails are used.

For signaling the hoistman, the usual practice is to employ a wire
pull-cord, which operates a gong or knocker, although electric systems
that signal direct from the sha.ft bottom are sometimes used. A com
bina,tion of the two methods is not uncommon in deep shafts; the
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FIGURE 40.-Shaft-sinking skip used at the No.3 Frood shaft, Ontario.

shaft men signal by pull-cord to a landing or station higher up,
whence the signal is relayed to the surface by an attendant by means
of an electrical system.

Geared hoists usually are employed that will handle the desired
load at a speed ranging from 300 feet per minute in small shafts and
for shallow deptlls to 1,500 feet per minute for large deep shafts.
Steanl, compressed-air, gasoline-engine, or electric hoists may be
employed for shaft sinking. Electric drive is usually preferable if
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NOTE: When loaded bucket
is lowered, ring Aengages
hook B, causing bucket to
to dump into apron

Skip

m m D
~ Iron plate to protect timbers

when blasting

FIGURE 41.-Shaft-sinking method, Champion mine, Michigan, showing trolley for hoisting bucket.
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..14----12'-0"------1

About 7-

14-----14'-6" -------l~

FIGURE 42.-Small sinking head frames (dumping arrangements omitted). A, For vertical shaft. B, For
inclined shaft.
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power is available at moderate cost. Slow-speed hoists sometimes
are employed for starting the shaft and are replaced by higher-speed
hoists after the shaft has attained considerable depth. For shallow
depths and small shafts single-drum hoists usually serve the purpose,
two buckets being used, one of which is loaded while the other is
being hoisted, dumped, and lowered. As greater depths are attained,
double-drum hoists sometimes are employed to speed mucking opera
tions, three buckets being used, one of which is loaded while the other
two are being hoisted and lowered in balance.

101 18 f '
S«Ue.feet

FIGURE 43.-Arrangement for dumping buckets at the surface used by the Walter .Fitch, Jr., Co., Eureka,
Utah.

Head frames may be made of either timber or steel. Sometimes the
permanent shaft head frame is erected before sinking is begun or as
soon as the shaft has been sunk a few feet and the permanent collar
has been installed. More often, a temporary sinkiIlg head frame is
used. This is usuallv of such dimensions that the permanent head
frame may be erected around and over it later without interruption
of operations. Sinking head frames may be of either the A-frame or
the four-post type and are equipped with suitable arrangements for
dumping buckets or skips or for caging and uncaging cars, as the case
may be. Figure 42 illustrates small sinking head frames for hoisting
in buckets, and figure 43 shows dumping arrangements in a vertical
head frame. These may be varied in different ways to suit conditions,
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personal preference, or legal requirements. Note the llinged doors
over the shaft collar, which should always be provided as a safety
measure. SOlnetinles the head fralne is Inade higher to allow for a
rock bin below the dunlp. The design of small wooden head frames
has been discussed in an earlier Bureau of ~fines publication. 87

Pumpillg equipment includes the pumps proper, suction and dis
charge Ilose, pipe, pipe fittillgS, and pipe haIlgers or supports. For
nlerly, steanl-driven pUInps were quite comnlon in shaft-sinking
work, but they are seldoIn eInployed now. Their use caused great
inconvenience by reason of the heat from tIle steam and exhaust
pipes; \vet shafts were sometilnes crowded with hot pipes and water
eoluIllllS, and the ha~ard of a. brenkillg steaIn line was always present.
The use of cOlnpl'essed-nir-driven pUlllpS is Inuch to be preferred and
is no\v COl111nOn practice. }1~lectrieHlly drivell pUlnps of both the
tllultistage eentrifugal and plunger types that are suitable for sinking
ha,ve come into use and offer certain advantages due to greater
flnxibility aIH! ense of handling.

In slnall shafts, sinker pUlnps that are suspended by a bridle in a
vertical position Inay be required; but wIlere there is enough room,
ordinary horizontal pUlnps are preferable, as they are lighter, cIleaper,
and, in the snlaller sizes, easier to llalldle. III sllaft-siIlking the water
contains a large amouIlt of coarse and fine grit, and for this reason
plunger pumps are better suited to the work than are standard
centrifugal pumps. In receIlt years new rubber compositions and
rubber cements have been developed that have been utilized for
centrifugal saIld-pump impellers in ore-dressing plants, and they
might, perhaps, be applied to centrifugal pumps iIl shaft sinking.

A suction hose wrapped with rope for protection and a section of
hose cOllnectillg tIle pump discharge and the lower end of the water
column in the shaft provide flexibility in moving the pumps out of
the way when blasting and ma,ke it unnecessary to add short sections
of pipe to the bottom of the column with every cycle of the sinking
operations. TIle water colUlnn is usually standard pipe, which should
have flanged couplillgs, Victaulic connections, or other couplings that
do not have to be screwed 011 and off. When a large flow of water
must be handled, heavy pumps may be mounted on a framework
provided with shoes to run on guides extendiIlg to the shaft bottom,
the pump and framework being lowered and raised by an auxiliary
hoist.

It frequently happens in shaft sinking that the inflow of water is
concentrated at one or more comparatively short sections. In this
instance it is economical to excavate water rings around the shaft
below the heavy flow to catch the water. A pump may then be
installed permanently at this point to lift the water to the surface.
Wa,ter rings may also be convenient to collect water pumped from the
bottom of the shaft and thus reduce the discharge head on the sinking
pump.

Ventilation during shaft sinking is furnished by rock-drill exhaust,
compressed-air-driven blowers, air nozzles or injectors similar to
those mentioned in the discussion of adits, or fans. In continuous
three-shift work it is desirable to remove the smoke quickly from the
shaft after blasting, and a centrifugal fan on the surface is the most

87 Staley, W. W., 'I'he Design of Small Wooden Head Frames: Bureau of Mines Inf. Cire. 6943,1937,37 pp.
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efficient equipment for this purpose. The fan may deliver air to the
bottom of the shaft through pipe or flexible tubing 8 to 12 inches in
diameter or may exhaust smoke and gases from the bottom of the
shaft through ventilating pipe exteIlding close to the shaft bottolu.
Pipe is preferable for several reasons; flexible tubing can only be used
for blowing, whereas an exllaust system is often more efficient; and
when pipe is used, the fan, if reversible, may be operated either
blowing or exhausting, as circumstaIlces dictate. Moreover, tubing
tellds to kink or colla,pse; ill long lines considerable power is expended
in keeping the tube open, and the frictional loss is high. With pipe
alld a reversible fan, smoke may be removed quickly by exhausting
followed by reversal of the fan for blowing fresh air to the bottom of
the shaft while men are working. When blowing, a few lengths of
flexible tubing may be attached "to the lower end of the pipe to permit
directillg the air where it will be most effective. Ventilating pipe
usually is galvanized iron, plain or spiral-riveted, of 16- to 20-gage
iron, depending on the diameter of the pipe. Wood-stave pipe has
been employed in tunnel work, where, in at least one instance, it was
found to be more serviceable than iron pipe and easier to keep tight
at the joints.

Under miscellaneous equipment may be listed that required for
framing shaft timber, for pouring concrete linings (concrete mixer,
steel or wooden forms, and pipe, hose, or buckets for lowering con
crete), and equipment for special shaft-sinking jobs. The latter
category includes equipment for sinking through quicl{sand by the
shield method or by the caisson method Ullder air pressure, equipment
for sealing off heavy flows of water in fractured rock by tIle cementa
tion process, and that required for employing the freezing process.
Contracting companies making a specialty of the caisson method or
the freezing process are usually employed for such work.

The shield method has been used for sinking short distances through
wet sand. The equipment is illustrated by figure 44, which is a cross
section through one side or one end of the shaft. The shoe with
trailing plates extending upward and overlapping the last regular
shaft set is jacked ahead and the sand is excavated inside. This shoe
extends around the shaft on all four sides, the members being rigidly
bolted together.

In the cementation process, quick-setting cement or cement and
sand are forced by means of a plunger pump through pipes inserted in
holes drilled outward from the shaft into the fractured ground.

Occasionally a stiff-leg derrick with hoist and clamshell or orange
peel bucket has been used for sinking through. overburden to bedrock.

Eaton 88 presented an excellent discussion of shaft-sinking equip
ment in 1932.

SHAFT-SINKING METHODS AND PRACTICES

Oonventional shaft-sinking practice involves the performance of It
cycle" of different operations-drilling and blasting, removal of smoke
and cleaning of fly-rock lodged on overhead timbers, mucking and
hoisting of the broken rock, and timbering. The latter (a) may be
the last operation of the cycle, (b) may be carried on during drilling

88 Eaton, Lucien. Shaft-Sinking Equipment-I: Eng. and Min. Jour., vol. 133, No.3, March 1932,
pp. 165-170; also Shaft-Sinking Equipment-II: Vol. 133, No.4, April 1932, pp. 219-224.
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and mucking, provided it is done from a substantial blasting shield
or bulkhead so that the men below may be protected from injury by
falling objects, or (c) may be done in sections while other work is
stopped; that is, if the walls of the shaft stand well, several sets may
be placed at one time following several drilling-blasting-mucking
cycles during which no timbering is done.

Good organization of the work is required} especially where speed is
desired. The crew is usually made up of miners in charge of a work
ing shift leader, who are capable of performing the work of any part
of the cycle so tllat each shift as it comes on duty takes up the work
where the preceding shift left off. This applies particularly to con
tinuous three-shift sinking. There are variations of this procedure,
and often, especially if timbering is concurrent with drilling and muck
ing, a special timbering crew may be employed. In other instances
three separate crews are employed-one for drilling and blasting, one
for mucking and hoisting, and one for timbering. This system may
be used to advantage \vhere speed is not of prime importance and
short enough rounds are drilled so that the mucking crew can clean
out the entire round in one shift.

In any event, the crews are made up of shaftmen and surface or
topmen. Best results are obtained with shaftmen trained especially
in shaft work; many good stope, drift, or raise miners do not make
good shaJtmen. The top crew comprises the hoist engineers, top
landers, the mechanics in charge of equipmellt, drill sharpeners,
blacksmiths and carpenters, and surface laborers. At an active mine
the mecllanical, drill-sharpening, and carpenter work usually can be
handled by the regular mine staff.

Some shaft-sillking jobs entail starting from surface and involve
clearing and preparing the site and installing a shaft collar and head
frame, whereas others are merely deepening operations. In either
instance the routine at the shaft bottom is the same, though dumping
and other top arrangements will be somewhat different.

Assuming that the shaft is to be sunk from the surface, the first
essential is a substantial shaft collar adequate to support the shaft
timbers hung below it until they are blocked or held by shaft-bearers
below, to prevent surface water from running into the shaft or draining
into it by seepage through overburden above bedrock, and in some
instances to support the front legs of the headframe. A well-designed
concrete collar usually will fulfill all requirements, and to provide
room for it the shaft may be sunk to bedrock of a size such that the
inside dimensions of the concrete correspond with the outside measure
ments of the regular shaft sets. The concrete collar should be carried
into bedrock far enough to insure a solid footing and to seal off surface
water. In flat terrane, the collar usually is carried some distance
above the ground, thus giving dump room around the shaft and
providing for surface drainage away from the collar in all directions.

In ordinary shaft sinking in rock formations, the shaft is deepened
by drilling rounds of holes in accordance with a standard arrangement.
The holes are loaded and blasted in a sequence designed to obtain
maximum breakage with a given amount of explosive. Thus, cut-holes
are employed as in driving horizontal headings, though the procedure
is somewhat different and varies with local conditions and the prefer
ences of the operator. In heading work, it is generally desirable to
break the :rock as coarse as possible but small enough so it can be
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handled conveniently by one man or by the loading machine. In
shaft work, however, it is best to break the rock as small as economi
cally possible because of the greater ease in digging it out of the
bottom of the shaft with pick and shovel, since a mucking sheet cannot
be employed to shovel from as in driving headings.

Permanent shaft timber

1 " )( 18" bolts

~ " )( 13%" bolts
False shoe,

12" x 12" pine or fir

~"steel plateOak shoe,----·
12" x 12" stock

1 " tie rod to member on
opposite side of shaft

%"x 5" lag screws
FIGURE 44.-Sbaft~sinkingshoe; section through one side.

Cf:.r-
r"'Uacks (as many as required

~-.I~) ~ to force shoe ahead)
3 u x 3 n • %" angles !- __\

The cuts are commonly drilled in the form of a V (fig. 45) across the
shaft if it is rectangular in cross section, or in the form of a diamond
cut (fig. 46, A and B) if the shaft is square or circular, though the
particular type of cut and details will depend upon the way the ground
breaks and the size of the sllaft. As in heading work, the relief and
square-up holes are drilled and blasted to break in succession to the
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Cross sect/on

free faces provided by the cut holes and holes next preceding in the
order of firing. Figure 46, D, shows a combination pyramid and Vcut,
in which the pyrarnid cut is shallow and reduces the burden on the
first four holes of the deeper V cut. Figure 46, 0, shows a benching
round similnr in prineiple to the slabbing round described under

Aan
/

50:':.---.:..--J 3([.::::.:.:.-_-_:JC:::.:.:.:"---":-D3c-- --=0 5

FWURE 4.1.---Typical V-('ut shaft round~. A, Single-V cut. B, Duuhle-V cut.

Driving Adits. With this round, half of the shaft area is drilled and
blasted at one time, first on one end and then on the other.

The cut-holes in shaft work may also be termed "sump holes ;"
by blasting them and cleaning out the muck before blasting, aIld in
some instances before drilling the rest of the round, they provide a
sump for collection of water. The round shown in figure 46, .D, per-
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forms a similar function. Cut-holes in shaft sinking may thus serve
a dual purpose.

The standard V-cut may be drilled across the center or at one end,
depending upon details of practice. By making the cut under the
hoisting compartment and mucking it out first, the bucket may be
lowered into it, making mucking from the benches less arduous.
Sometimes a· V-cut is drilled across one end of the shaft, blasted, and

D

NUI'7'Jber ..shown crt colla;' oF hole des{gna~e.$
numher or e/eetrvc delo/ cap.

~ ~~~~~

9 ~~~~
c::: b~~~

o~ "~~~/

....!.;.------ 22.0.-----.~!

c
FIGURE 46.-Types of shaft rounds. A, Pyramid cut in 5- by 7-foot shaft. B, Pyramid cut in circular

shaft. C, Benching rounds. D, Combination of pyramid and V cut.

mucked out, and then the rest of the round is blasted progressively
in a series of benches retreating toward the other end (fig. 45, B).

As stated under Shaft-Sinking Equipment, electric blasting is
advocated for shaft work, and the holes are wired in series wIlen fired
from a blasting battery and in parallel when a power circuit is used.
Large rounds of 60 to 80 holes are best fired from a power circuit
with connections in series parallel. In series wiring, one leg wire of
a detonator is connected to a leg wire of the second one, the other

141609°--39----9
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leg of which is connected, in turn, to the next one, and so on around
until all holes are connected. This leaves two free ends, "rhich are
later connected to the lead wires after the circuit has been tested with
a galvanometer and found not to be grounded. In parallel connec
tion, two bus wires are laid along the shaft, one leg wire of each deto
nator being connected to one bus and the other leg to the opposite bus.
Tests for grounding are made, and the round is then ready for connec
tion to the lead wires. The latter are not connected to the source of
power until everyone is out of the shaft and everything is in readiness
for the blast. In battery firing, this source of power is the blasting
machine, and the final connection is made at the binding posts of
the machine. In firing from a power circuit, the final connection is
made througll a switch or, better, two switches, the first of which is
open, the second being tIle firing switch. The latter should be in a
locked box, the key· to which is in the possession of the foreman or
shift leader and wllich is so constructed that the switch cannot be
closed unless the door is open, and then only by manual operation.

Mucking is usually the most time-consuming operation in con
ventional sinking in rock, and ill some instances may take more time
than all other operations combined. Thus, in sinking the No. 3
Frood shaft, which was 28 by 16 feet in cross section, 55.52 percent
of the time was consumed in mucking operations.89

At the 20- by 6-foot Pim shaft,90 30.4 percent of the time was em
ployed in mucking. In sinking the 9- by 25-foot Guadalupe shaft,91
50.9 percent of the time was spent in mucking, 24.6 percent in drilling
and blasting, and 24.5 percent in timbering.

In sinking the McIntyre No. 11 shaft,92 which was 17 by 24 feet in
cross section, 49.2 percent of the time was spent in mucking, 15.5
percent in timbering, 11.3 percent in blasting and clearing gas from
the shaft, 9 percent in drilling, 8.5 percent in scaling, 2.7 percent in
hitch cutting, and 3.8 percent was consumed in delays. Twelve to
14 machines were used to drill about 66 holes aggregating 770 feet
of hole per round in a double or triple V-cut arrangement. The
rounds were blasted in three steps; first, the short cut holes and short
easers, which were then mucked out, and then the long cut and
bench holes, and last, light end holes and two or three center sump
holes, which were drilled while the bench was being cleaned.93

In sinking the four-compartment No.5 Magma shaft at the Magma
mine,94 56.3 percent of the time was employed in mucking, 6.2 per
cent in blasting and clearing smoke, 25.0 percent in drilling, and 12.5
percent in timbering.

At the Argonaut mine, sinking a 7- by 17-foot shaft required one
shift for drilling and blasting, three shifts for shoveling, and one shift
for placing a set of timbers.95

8\1 Brock, Allan F., Sinking No.3 Shaft at Frood: Eng. and Min. Jour., vol. 130, No.9, Nov. 10, 1930,
pp.443-444.

gO Poston, Roy II., Sinking Practice and Costs at the Pim Shaft, St. Louis Smelting & Refining Works,
National Lead Co., St. Francois, Mo.: Bureau of Mines Inf. Circ. 6588, 1932, 13 pp.

n Leland, Everard, Mining Methods and Costs at the PHares Mine, PHares, Sonora, Mexico: Bureau of
Mines Inf. Circ. 6307, ]930, 34 pp.

92 Skavlem, H. G.. Mining Methods and Costs at the McIntYre Porcupine Mines, Ltd., Schumacher,
Ontario: Bureau of Mines Inf. Circ. 6741, 1933, 19 pp.

g3 Kee, H. A., Sinking Operation at McIntyre No. 11 Shaft, Porcupine District, Northern Ontario: Bull.
Canadian Inst. Min. and Met., April 1928, 18 pp.

Q4 Snow, Fred W., Mining Methods and Costs at the Magma Mine, Superior, Ariz.: Bureau of Mines
Inf. Circ. 6168, 1929, 32 pp. -

95 Vanderburg, W.O., Mining Methods and Costs at. the Argonaut Mine, Amador County, Calif.: Bureau
of Mines Inf. Circ 6311, 1930, 14 pp.



Table 14 gives man-hour distribution at a number of typical shaft-sinking jobs.

TABLE 14.-Man-hour distribution on typical shaft-sinking }obs

Man-hours per foot of advance

Name Size of shaft, feet Drill round Average rate of advance Muck-
. Blasting and I ing and

DrillIng I blowing smoke hoisting
Timbering and

concreting

Miscel
laneous, Total

and
delays

~

~
t;j

~
t;j
~
t;j
~o
Mj

~
t;j

~
r-37 12.06 1 7 13.581763.50

88.38______________ 85.76 825.02
920.43 919.34 988.52
11 2.6L 11 1. 58 11 24.24

12.5 11.0_______________ 4.3 41. 2

45.7 11.2_______________ 14.2 83.8

37.43 8.04_______________ -- ---- -- 61. 72

42.7 5.4 timbering, 17.4 22.8 105.3
concreting.

44.1 3.4 timbering, 18.3 21. 8 106.0
concreting.

---:.i9~8rJoncreting50.2--~=---9i~5-1181.5

40.6 Concreting 32.0_ __ 71. 1 155.4

10.7 Concreting 12.3_ __ 21. 5 51. 9

}
do I{ 7 82~:~g

934.30
_____ do 1111. 53

7.7 I 5.7 1

11. 71 Included with
7;4 ~~g~i~_g~ _

12. 7 Included with
drilling.

16. 25 do _

10. 5 6.5 _

11. 7 6.7 _

3".94 feet per day _

1.0 foot per 8-hour shifL _

7 feet in 41 hours _

6 feet per round, 42.8 hours__

6 feet per round, 48 hours _

115 feet in 808 hours I I 1

4.28 feet per round, 111 feet
in 714 hours.

5.46 feet per round, 451 feet

in 6,816 hours. I{ 7 10.26
4.92 feet per round__________ 8418
2,057 feet in 17 months______ l) 14: 44
6.04 feet per 24 hours, 4.93 11 8. 52

per round, 170 feet per
month.

Center V-cut, 32 holes, 10
drills.

Center V-cut, 50 holes, 2
machines on cr08~ bars.

Center V-cut, 50 holes
blasted in 2 stages.

Triple center V-cut, 56 holes,
8 machines.

Triple-diamond cut, 50 holes,
8 machines.

Diamond cut, 26 holes _

6 by 20 _

C. Salt section -' do -, 48 holes " _

Pim,

Matahambre, Cuba 6 1 8 by 25 I{C:~~~i~~~~t' 32 holes,

Macassa, Ontario 10 9 by 17 Center V-cut, 38 holes,
machines.

Kirkland Lake Gold, On- 6.33 by 14.33 _
tario. 2

Eureka-Asteroid, Mich.3 21 by 14
1

Caretta, W. Va.,4skip shaft_ 12 by 28 _

Caretta, W. Va.,4 air shaft__ Circular, 19-foot
diameter.

Morl~nc?a~~~o~:~~-seafsec: ~~~g~ia~iameter =I====== ====== ==================: -- ------------ ---------- -- ----1----- ----1----------------1-
tion.

B. Rock section do

1 Poston, R. H., Sinking Practice and Costs at the Pim Shaft, St. Louis Smelting &
Refining Works, National Lead Co., St. Francois. Mo.: Bureau of Mines Inl. Circ.
6588, 1932, 13 pp.

2 Dumbrille, J. C., Mining Methods of Kirkland Lake Gold-Mining Co., at Kirkland
Lake, Ontario: Bureau of Mines Inf. Circ.6490, 1931, 12 pp.

3 Schaus, O. M., Method and Cost of Mining Hematite at the Eureka-Asteroid Mine
on the Gogebic Range, Gogebic County, Mich.: Bureau of Mines Inf. Circ. 6348, 1930,
l3pp.

~ Kelley, L. E., Shaft-Sinking Methods, Practices, and Costs at the Consolidation
Coal Co. at its No. 216 Mine, Caretta, McDowell County, W. Va.: Bureau of Mines
Inf. Circ. 6602, 1932, 15 pp.

5 Taylor, M., Shaft Sinking at the Morton Salt Co. Mine at Grand Saline, Tex.: Bu
reau of Mines Inf. Circ. 6640, 1932, 8 pp.

6 Homer, Dudley D., Sinking and Equipment of the No.2 Shaft-at Minas de Mat-
ahambre: Explosives Eng., vol. 11, No.2, February 1933, pp. 38-62.

7 Direct.
8 Indirect.
\) Total.
10 Howes, G. A., and Jackson, Chas. F., Shaft-Sinking Methods and Cost.s of Plant

and Equipment at Macassa Mine, Kirkland Lake, Ontario: Bureau of Mines Inf. Circ.
6674, 1932, 10 pp.

11 Data for 1 typical month and 171 feet sunk.
~
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As already indicated, the entire round may be blasted and mucked
out in one stage or, more commonly, the cuts are blasted and mucked
out first, and the remairling holes are then blasted and mucked out
in one or more additional stages.

140
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PLAN -OF GROUT HOLES AT SAND

FIGURE 47.-Grout holes drilled for introducing cement to seal off water.

From data already presented it is apparent that speed of sinking
will depend largely on the speed with which the muck can be loaded
and hoisted. The amount of water in the shaft also has an important
influence upon the speed of sinking, and where considerable quanti
ties must be handled progress is greatly retarded. Drilling water and
small seepages may be bailed with the sinking buckets~ Not only do
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raising and lowering pumps and extending water lines consume con
siderab~e time, but water retards drilling and mucking operations.
If the Inflow occurs only in a restricted section or horizon in the
shaft, the problem is not so serious, because, as previously stated, it.
can be caught and kept from interfering with work at the shaft
bottom or may be sealed off by grouting. If water comes in through
fissured ground along considerable lengths of the shaft, it may be
necessary to resort to grouting at numerous points, which involves
frequent stopping of sinking, drilling of grout holes (fig. 47), rigging
up for and pumping grout into the holes, and then waiting for the
g!out to set and for accumulated water to be pumped out. Condi
tIons must be met as tIley arise, and a routine procedure ordinarily
cannot be followed.

A 8Io~"'s ••1"_ Z~6"

8 :'co.\'a 6"'.... 5·

C Guldea 5~'" 8".'5'

FIGURE.48.-Framing of jacket sets with cribbed shaft.

In good ground, timbering need not appreciably reduce the rate
of progress, since it may be conducted concurrently with other opera
tions from a suspended bulkhead or blasting set. In loose, slough
ing, or swelling ground timbering must be kept close to the bottom
and a set will usually have to be installed after each round is removed,
which obviously adds to the time of the sinking cycle. If tIle ground
is bad enough to require bridge or jacket sets (fig. 48), cribbed sets,
or spiling, progress is necessarily slow, due not only to the additional
timber that must be installed but to the care that must be exercised
in removing the loose ground without causing runs. This may re
quire the use of breast boards and braciIlg to hold back the ground
while the sets are placed.

Shaft sets may be of timber, steel, or precast concrete beams.
Timber is employed most commonly, although in recent years steel
sets have been coming into favor owing to the availability of standard
structural shapes suitable for this purpose and to reduction of fire
hazards by their use. Precast concrete beams have not found
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general favor largely because of their weight. Timber sets have cer
tain advantages in heavy ground since squeezing and crushing give
warning 9f developnlent of dangerous pressures, usually quite a while
before actual failure occurs, and they can be removed by sa,ving and
chopping "'ith ordinary hand tools.

In recent years the practice of lining the entire shaft with concrete
has grown. Not only does this provide a fireproof silaft, but if the
shaft is to be used for ventilation purposes, the sides \vill be smooth
and ofrer Ininilllllm resistance to the passage of the air current. In
SOllie instances concrete \valls are poured after sinkiIlg has been com
pIeted , beginning nt the bottom aIld rerrloving the timbers installed
during sinking as the concrete advances. In other instances con
creting is done ill sections of 50 to 100 feet or nlore as the shaft is
deepened.

TiIn bel' sets are fraIned on tIle surface; and the separate members
are lo\vered, one at a tinie, and hung in approxinlate position from the
bearers or fronl tIle sets above by means of hangar bolts. When the
set has been asseInbled in this InanIler, it is leveled and alined with
pluInb bobs, blocking and the threaded hanger bolts being used to
hold it in place, and it is finally wedged tightly against the walls to
prevent moveInent.

At intervals of 50 to 100 feet or more bearing sets are installed to
hold any ,,:eight not sustained by the blocking, which may work loose
o,,'-ing to disintegration of the wall rock. These bearers also facilitate
shaft-repair \\rork that may be required later and that may involve
renloval and replacement of the original sets. The bearers consist of
long, heavy bearns placed across tIle shaft under the end plates of a
regular shaft set and sometinles also under tIle dividers. Their ends
rest in hitciles cut into the wall rock.

]"'igure 49 shows methods of framing and assembling timber sets.
Fralning details vary somewhat at different mines, but those shown are
typical. "7hen franied as sho,,~n in figure 49, A, the wall plates are
hung first, tIle end plates are then lowered and placed on top of the
wall plates, corner posts or studdles are set, and usually after the
set has been blocked and \vedged at the corners the dividers and
center posts are put in.

Figure 50 sho\vs details of a steel shaft set. H-beams are well
adapted to shaft sets because tiley give a ,vide bearing against the
ground and at tIle saIlle tinle provide a convenient method of support
ing the lagging.

In firm ground that does not slack and slough on exposure to the
air it may be unnecessary to lag the sets. In such instances the chief
function of the timbers is to support tIle shaft guides, pipe lines,
electric cables, and sheathing separatlllg ma,nway and hoisting com
partments. SOIne ground \vill stand "'"ell \vithout lagging if the air
can be kept from it. This may be acconlplished by guniting the walls
with a coating of cement and saIld.

WIlen lagging is required, it may be of plank or of concrete slabs.
Plank is lighter and therefore easier to handle and install and throws
less \veight on the sets and bearers. However, concrete slabs with
steel sets provide a fireproof shaft.

For concreting sha.fts, various kinds of forms and methods of
pouring are employed. l1-'orms may be of wood or steel, or partly of
wood and partly of steel, and may be built-in or of the removable



MINE DEVELOPl\IENT

/'
,/

,/

c

125

FIGURE 49.-Methods of framing and assembling timber shaft sets. A, Typical set for 3-compartment shaft
B, Assembly of twosets. 0, Typical timber set for 4-compartment square shaft.
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sectional type. Built-in forms are of plank nailed to regular shaft
sets used for sinking or to false sets of smaller outside dimensions,
the regular sets being removed as the concrete walls are raised.
After the concrete has set properly the plank is stripped off, and the
false sets are removed. Removable forms of wood or steel are made
in sections of a size convenient for handling, placing, and lowering
through the shaft compartments. Figure 51 shows a form employed
for concreting the Denn shaft in Arizona.96 As a rule, only lllside
forms are used, the rock walls of the shaft furnishing the back support.

Thin concrete walls should be reinforced with steel, but walls
thicker than about 10 or 12 inches usually will not require reinforce
ment. Concrete mixes are generally 1:2:4, 1:2:5, or 1:3:5, the latter

SecllOIJaleleYdllo/)- Showi/Je tlJreerliles Inplace
FIGURE 52.-Method of supporting shaft with concrete rings.

probably being the one most commonly employed. The concrete is
mixed on. the surface and may be lowered in the shaft by means of
buckets, In a car on a cage, or through a pipe. Concrete has been
delivered successfully through pipe to depths of 3,000 feet or more.

For great depths tIle pipe delivers first to a bucket provided with a
spout, which in turn delivers behind tIle forms.

Figure 52 shows a method of supporting a shaft with concrete
rings employed at the United Verde Mine.9i

In lagged or concreted shafts, care should be taken to fill all open
spaces behind the timber or concrete to prevent breakage by large
slabs sloughing into the opening.

06 BruneI, F. P., Concreting the Denn Shaft: Eng. and Min. Jour., vol. 133, No. 12, December 1932,
pp.614-617.

07 Quayle, T. W., Mining Methods and Practices at the United Verde Mine, Jerome, Ariz.: Bureau of
Mines Inf. Circ. 6440, 1931, 31 pp.
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The foregoing discussion refers to the conventional methods of
sinking in rock formations. Caisson and freezing methods have been
referred to already, and it was pointed out that when such methods
are employed contracts for the work usually are let to specialists who
have the required equipmellt and are experienced in such work.

New shafts at operating mines are often raised instead of sunk.
Raisirlg eliminates the expense of mucking and pumping and the
delays incident to hoisting the muck through the shaft. In raising,
the shaft usually is carried from one level of the mine to the next
in lifts of 100 to 200 or, in rare instances, 300 to 600 feet. It may be
raised full size; or, more commonly, a small pilot raise is put up first,
which is then enlarged from the top down to full size of the shaft,
timbers being installed as in conventional sinking operations, the
muck being drawn off through the bottom.

One objection to raising is the difficulty of ventilating, which is
enhanced as the raise becomes longer. To overcome this objection it
has been found feasible to put down a drill hole first along the axis
of the proposed shaft and then raise on the drill hole. By placing an
injector-type ventilator in the drill hole at the top of the raise or an
ejector-type ventilator at the top of the drill hole, good ventilation
can be obtained. The ejector type is preferable as it is outside the
raise, so that the compressed-air line can be connected to it and the
raise thus cleared of smoke before the miners re-enter after blasting.
In very long raises the handling of tools and supplies likewise becomes
laborious and time-consuming, and workmen expend an undue
amount of time and energy in getting to and from the working place.
Hence, shorter lifts usually are more economical.

A shaft may be carried up full size in the form of a small shrinkage
stope, as shown in figure 53.98 In this instance a cribbed manway
was carried up in each of two corners of the shaft, and the miners
worlted on top of broken rock supported on a timber bulkhead at
the level as shown. Blasting was done in three stages-A, B, and C.
After each part of the round had been blasted, entrance to the face
was gained through' one of the cribbed manways by pushing back the
inclined 8-foot timbers. The particular job illustrated would have
been greatly accelerated and the cost lessened considerably had the
shaft been raised on a borehole with a compressed-air ejector at the
surface or had a fan been installed at the level for blowing up one
manway and down the other. As it was, the cost was only about
half the estimated cost of sinking. The broken rock supported the
shaft walls during raising, and timber was put in after the raise broke
through to surface by drawing off the rock from below to make room
for successive sets from the top downward.

A recent innovation in shaft-sinking methods, for which wider use
in the future is predicted, was drilling \vith a shot drill the full diameter
of the shaft. 99 A 5-foot circular shaft was drilled to a depth of 1,125
feet through gabbro, serpentine, and ankerite by means of a shot drill
close-connected to a motor-driven driving mechanism installed in a
cage or cab (fig. 54), the whole being lowered to the bottom of the

98 Jackson, Ohas. F., Shaft Raising at the Harold Mine: Eng. and Min. Jour., Apr. 7,1917, p. 625.
1I11 Newson, J. B., and Jackson, O. F., Shaft Sinking with a Shot Drill, Idaho-Maryland Mine, -Grass

Valley, Calif.: Bureau of Mines Inf. Oire. 6923, 1936, 10 pp.
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shaft on cables wound on the drum of a hoist. The drill consists of
a circular steel core barrel 15 feet long with a removable cutting shoe
1% inches thick by 12 inches high attac~ed to the lower e~d. ?-,his
drill is rotated at about 60 r. p. m. on chIlled-steel shot, whIch grInds
an annular ring around a central core of rock. A tapered ring with a
number of fluted dogs around the inside and at the bottom of the
core lifter served to grip, break off, and raise the core in lengths up to
8 or 10 feet.

Eltv. CoIbr 948

Skip Pit

J:"~---...ofl---~"--II
··-5'··, . 6-·,-5",-1' 6,;5'~-'

'~ ~ ~t\, ~~I ~~
~ ~~ Il~/i''Ci .....

~----------k- _-_ 18'······· _ ~

Pion of Sho'ft

B

A C
SECTIONS SHOWING THE HAROLD SHAFT AND DETAILS IN THE

OPERATION OF RAISING

A shows condition after blastin~ cut holes B shows condition after blastinl
west end. C shows condition at end of" round 0 shows plan of round

FIGURE 53.-Method of raising shaft full size.

Although the operation was an experimental one and mechanical
and other difficulties had to be overcome, suprisingly low costs were
obtained. The actual cost of the drilling operation was $23.57 per
foot, whereas the equipment, including head frame, transformers,
and hoist, cost $15,588 or $13.86 per foot. Most of this equipment,
of course, could be used again on another job. Three 50-inch holes
drilled close together would be at least the equivalent in capacity
of a three- or four-compartment shaft. By drilling the shaft, the
walls were not shattered and weakened by blasting a.s in ordinary
shaft-sinking operations, and only short sections required artificial
support, which was obtained by concreting. A three-deek cage that
would accommodate 10 men to a deck comfortably was installed later
in the shaft.
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As this is written, another shaft, 66 inches in diameter, has been
sunk by this method to a depth of 694 feet in greenstone; the ultimate
depth is to be 1,200 feet.!

SHAFT-SINKING COSTS

Costs of shaft sinking vary with the size and depth of the shaft;
nature of the rock (the ease with which it can be drilled and broken,
and the nature and amount of support required) ; amount of water that

Jack screw --+-

Thrust bear ing

Hanway

/
~ Ammeter

It ~ Starter box
II
It

,.1,
t.,

kw._---f----l C) I--- ~

Jac k screw--+' ~)\-----+---4

Thrust-bear ing
winch

Upper end of core barrel

40-hp. motor

Floor leve 1

Main dr lve gears
and bear in~s

FIGURE 54.-Generallzed cross section of shaft drill.

must be handled, speed of sinking, organization of the work, and the
equipment employed; and labor and other local conditions.

The effect of Irlost of these factors upon costs is self-evident, but
effect of the rate of sinking is not so apparent. There is probably a
certain rate of sinking that will vary somewhat with each job, which
will result in the lowest cost per foot of sllaft and below or above
wllich this cost will increase.

1 Eng. and Min. Jour., New Advance Scored in Boring Holes of Large Diameter: Vol. 139, No. 10, October
1938, pp. 39-41. Information obtained after the shaft had been completed is that the final cost, exclusive
of equipment, was: Labor, $12.16; power and supplies, $7.34; total, $19.50 per foot; and that total time re~
quired was 7 months.
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If the exigencies of the case require the greatest possible speed in
sinking, certain economies otherwise possible cannot be achieved.
Speed work requires a high degree of organization and a routine,
which, if temporarily interrupted, may disrupt the operations for
some time; extra labor not normally required may be employed as an
insurance against interruptions, which obviously adds to the cost.
Furthermore, crowding the bottom of a shaft with a large crew does
not make for economy.

A striking example of economy by slow-speed sinking is afforded
by the experience at the Burra-Burra mine in Tennessee,2 where the
three-compartment McPherson shaft was sunk 6 feet 7 inches by
16 feet inside the timbers. By sinking at a leisurely rate averaging
a little over 2 feet per day, a saving of $50 per foot was made as
compared to previous higher-speed sinking. During a typical 25-day
working month when an advance of 57 feet was made, costs per foot
were as follows:
Labo~ cost (including bonus) $41. 02
Explosives_ ________________ _______________________________________ 5. 80
Material other than explosives - _________________ 14. 63
Air-drill expense and power ________________________________________ 4. 09

Total cost per foot - - - _- _- - - - - - - - - - - - _- - - - - - - - - - - - - _- _- - - _ 65. 54

No time was lost from powder sickness or bad air, since 8 hours
elapsed between blasting and resumption of work in the bottom of the
shaft. In earlier work higher costs were attributable to (a) large
force of men in shaft, (b) unpleasant working conditions, (c) greater
hazards, and (d) periodic upsets in organization.

Table 15 presents some typical shaft-sinking costs.
2 "Veaver, Lamar, Shaft Sinking in Tennessee: Eng. and Min. Jour., vol. 129, No.6, Mar. 24, 1930, pp.

301-302.



TABLE 15.-Typical shaft-sinking costs

Oost of shaft

Sinking costs per foot sunk:

N arne, location, and
year Size of shaft, feet Kind of rock and water

conditions Depth sunk, feet Shaft support Prepara
tion and

equipment
Labor
and

super
vision

Sup
ports,

EXPlo-1 timber
sives and

con
crete

Other
sup-
plies, I Total

power, sinking
miscel- '
laneous

----- -----------1---------- ----------1-----1---,---,---,---,----

$20.08

104.50

~
H

76.17 ~
t?=j

110.25 t:1
t?=j
<j

113.14 t:rJ
~

77.07 0
860.72 ~

~
10 77.11 trj
11 50.11 ~

1-3
120.75

56.62

16 43.14

18 31. 35

(17)

(111)

28.32

10.68

14.36

8.55

(17)

(lg)

14.50

4.12 I 14.76

2.84

7.55

(17)

(1g)

70.38

34.55

71. 26

$2, 645. 00 I $43. 06 $4.83 I $4. 67 I $23. 6]

68.71 (4) (4) (4)

2,074.23 I 61. 40 5.11 22.08 24.55

{7 2.85 71.73 7.30 72.19
RI9.49 81.14 829.07 8 11.02

r052.07 1°8.47 10 16.57
1117.65 ________ 11 26.51 11 5.95

2,284 I Timber sets -- 1__ ------ - - --I

575 ft. and 2 stations, Iooncrete j I'16 20.70
80 days.

603 ft. and 5 stations, do 18 11. 31
69 days.

260 1 Oribbing in surface 1 1_ - , , , _

and shale, 100 ft.;
balance untimbered.

730 1 Ooncrete collar. Tim-
ber to hold guides.

219 from 831 to 1,050 1 Timber sets
I

•.
1

2,500 from 500 to 3,000_1 Ooncrete rings (fig.
51B).

212 from 1,400-to 1,600-1·-----dO-----------------

1
37~:5lefr~~ 1,400 to do 1

1,800 levels.

Firm sedimentary and I 2,53L 1 Timbersets 1 30,220.91
slabby diabase. 5 gal.
water per minute.

Olay, limestone, shale.
60 to 70 g. p. m. of
water.

Metamorphosed granite
and diorite (schist).

Quartz porphyry (?) ;
some water.

Monzonite porphyry,
shaft sunk on pilot
raise.

Quartz porphyry raised
full size from level to
level.

Syenite and lampro
phyre.

Andesite and diorite -' 1,720 1 Timber sets kept close
to bottom.

Surface, shale, dolomite,
flint beds.

7.75 by 16.5 rock di
mensions.

8 by 21 rock section,
4 compartments.

12.5 by 13
1

6 by 18 in clear, 3 com
partments.

14.5 by 14.5 _

Edith, Ariz., 192115 17 by 16 rock section, 3
compartments.

Do.15 do --------- _1 __ -------------- 1

Pim, Southeast Mis
souri,2 prior to 1931.

No. 6 United Verde,\)
Ariz.

South shaft, Teck
Hughes, Ontario,12
16 months, 1929-1930.

Jim Orow; 85 mine,13
N. Mex., completed
1930.

No.5 Magma 14 mine,
Ariz.; prior to 1929.

No.2 Tri-State district,1 I 5 by 7,1 compartment.
1921.

Peeos, N. Mex.,3 1929__ I 6.67 by 20.33 outside of
timbers; 3 compart
ments.

Capote, Oananea, Mex-128 by 8.5; 5 compart-
ico,5 1925. ments.

PHares, Mexico,6 1924, 12 by 20 rock dimen-
1925. sions.

See footnotes at end of table.

~

~
~



TABLE I5.-Typical shaft-sinking costs-Continued ~

~
~

Cost of shaft

Sinking costs per foot sunk

~
t::j
H

~
I

~

Z
~
Q

l-tj
~
>o
H
H

o
t::j

68.50

75.68

165.54

63.37

97.73

115.47

71. 09

80.73

18.21

15.72

27.40

5.06 27.80

51

8.14 7.56

9.60

12.85

9.56

6.99 I 8.7813029.11

6. 70 I 45. 90 46. 92
1

5.38

3.11

8.63

5.46

8.23

6.46

7.55 I 9. 47 1 37.78 I 78.36

13.15 25 56.29 I 119.09

$6.37 I $6.30 I $22.08 I $70.93

Sup- Other
ports, snp-

EXPlo-1 timber plies, I Total
sives and power, sinking

con- miscel-
crete Ianeous ,

35.85
I

66. 02
1

39.04

61. 69

80.44

34.13

Labor
and

super
vision

3,270.27

37,256.00

Prepara
tion and

equipment

Shaft support

00

Depth sunk, feet

252 from 1,200 to 1,450
levels.

2,057 1 Steel sets; 81 ft. con-
creted, 12 sets of
bearers.

Kind of rock and water
conditionsSize of shaft, feet

9 by 17, rock section, Conglornerate, 1,449 ft. 2,489 Timber sets $66,228.00 II $36.18
3 cornpartments. syenite, porphyry,

lamprophyre; 1,040 ft.
heavy flow water one .
section grouted.

6.5 by 16 ft. outside the I' Greenstone. Heavy flows 527 do 2255,000.00 23 23.56
timbers; 3 compart- of water at 250 and
ments. 280 ft.

6.2 by 17 outside tiIIl- Basalt. Considerable wa- 436 inclined 53° do ------------'12344.19
bers, 3 compart- ter.
rnents. I

6 by 17; 3 compart- Some water 556 do , J 30.28

ments I I6.33 by 15.5 outside 422 from 2,000 to 2,400 do_________________ 46.06
timbers, 3 compart- levels.
ments.

9 by 16 rock section.;) Limestone; no water ____ 837 from 915 to 1,752 do
compartments.

9 by 21.5, rock sectioJl, Qua,rtzite; 10 gal. water 829 from 2,212 to 3,042_ -- do ---------- - -1------ ---- --I
4 compartment~. per minute.

9 by 26, rock section, Quartzite_ ______ __ 200 from 2,450 to 2,650 do _
4 compartment's. I

6 by 16, rock sections, Syenite and syenite por- 963 from 1,000 to 1,963 do _
:3 compartments. phyry.

6 by 16, 3 compart- Schist; considerable wa-
ments. ter.

8 by 25, rock section, Quartzite and shale.
4 compartments. Not over 5 gal. per

minute of water.

Name, location, and
year

Macassa, Ontario, 1931,
1932.2°

Central Patricia,21 On
tario, 1930.

AshleY,H Ontario, 193L

Sylvanite,2Q Ontario,
1931.

Vipond,2g Ontario, 1931_
I

Matahamhre," CUha j

San AntonlO,26 Mani
toba, 1927.

U. S. mine,27 Bingham,
Utah, prior to 1936.

Saginaw;2R Bisbee,
Ariz., 1930.

Hecla, Idaho,2s 1927
1929.

Morning, Idaho,28 1924 __



Falconbridge,36 0ntari0_1 3722.33 by 16.2 1 Sand, gravel, boulders,
wet quicksand.

41. 02 I 5.80 I 18.72 65.54

106.20 ------ -- 34 53.65 50.74 210.59
130.55 ---- ---- 34 62.73 67.81 261. 09
82.15 -------- 34 25.73 48.49 156.37

29.93 5.07 3.50 12.18 50.68

10.40 5.15 4.50 6.28 26.33

115.05 2.60 111. 45 38 2.35 282.0050.55

8 by 17.33 outside tim- I Schist and graywacke I 57 ft., 1 mo 1 Timber sets 1 1

bers; 3 compart-
ments.

j
sandstone and shale. }

12 by 28 rock__________ Considerable water at 563____________________ _ _
____ do 300 ft. Considerable 572 }concrete I{ _
19ft. diam. circular____ grouting required. 562____________________ _ _

(Fig. 47.).
7by14rocksection Greenstoneanddiorite __ From 1,700 to 3,200,7 Timber sets 1

ft. per 24 hrs. I
Raised, 625 ft. from 1-----dO-- .

1,700 level.
125____________________ Steel sets, concrete _

I

I

Caretta,33 W. Va.:
A. Skip shafL _
B. Manway shaft __
C. Air shafL _

McPherson,32 Tenn _

l-l
H:>
f-l
~

o
~ Pioneer,3s British Co-
I lumbia.
~ DO.35. 1 do I do -- 1

I
~
o

1 Netzeband, W. F., J\1:ethod and Cost of Mining Zinc and Lead at Mine No.2, Tri
State District, Picher, Okla.; Bureau of Mines Inf. Circ. 6121, 1929, 11 pp.

2 Poston, R. H., Sinking Practice and Costs at the Pim Shaft, St. Louis Smelting and
Refining Works, National Lead Co., St. Francois, Mo.; Bureau of Mines Inf. Circ. 6588,
1932,13 pp.

3 Matson, J. T., and Hoag, C., Mining Practice at the Pecos Mine of the American
Metal Co. of New Mexico: Bureau of Mines Inf. Circ. 6368, 1930, 21 pp.

4 All supplies, $41.54.
6 Catron, William, Mining Methods, Practices, and Costs of the Cananea Consolidated

Copper Co., Sonora, Mexico: Bureau of Mines Inf. Circ. 6247, 1930, 37 pp.
~ Leland, Everard, Mining Methods and Costs at the PHares Mine, PHares, Sonora,

Mexico: Bureau of Mines InL Circ. 6307, 1930, 34 pp.
7 Pilot.
8 Shaft.
II Quayle, T. W., Mining Methods and Practices at the United Verde Mine, Jerome,

Ariz.: Bureau of Mines Inf. Circ. 6440, 1931, 31 pp.
10 Excavation.
11 Concreting.
12 Henry, R. J., Mining Methods and Costs at the Teck-Hughes Gold Mines (Ltd.),

Kirkland Lake, Ontario: Bureau of Mines InL Circ. 6322, 1930, 21 pp.
13 Youtz, R. B., Mining Methods at the Eighty-Five Mine, Calumet and Arizona

Mining Co., Valedon, N. Mex.: Bureau of Mines Inf. Circ. 6413, 1931, 26 pp.
14 Snow, F. W., Mining Methods and Costs at the Magma Mine, Superior, Ariz.:

Bureau of Mines Inf. Circ. 6168, 1929, 32 pp.
15 D'Arcy, R. L., Mining Practices and Methods at the United Verde Extension

Mining Co., Jerome, Ariz.: Bureau of Mines Inf. Circ. 6250, 1930, 11 pp.
16 Concreting cost only, and including 2 stations.
17 All supplies, $22.44. Concreting cost only, and inclUding 2 stations.
18 Concreting cost only, and inclUding 5 stations.
111 All supplies, $20.04. Concreting cost only, and including 5 stations.
20 Howes, G. A., and Jackson, Chas. F., Shaft-Sinking Methods and Costs of Plant

and Equipment at Macassa Mine, Kirkland Lake, Ontario: Bureau of Mines Inf. Circ.
(J674, 1932, 10 pp.

21 Keast, A. J., and Jackson, Chas. F., Method and Cost of Exploring, Equipping
for Development, and Developing the Central Patricia Group of Claims, Northern
Ontario: Bureau of Mines Inf. Oirc. 6681, 1933, 13 pp.

22 Approximate.
23 Shaftmen only. Other labor included under "Supports" and "Other suppliec;;."
24 Emens, W. H., and Jackson, Chas. F., Methods and Costs of Developing and Equip

ping the Ashley Gold Mine, Matchewan Gold District, Ontario: Inf. Circ. 6707, 1933,
28pp.

25 Includes first cost of rock drills, drill steel, rails, boiler fuel, gasoline, etc.
26 Jackson, Chas. F., Some Notes on Methods and Costs of Equipping and Developing

Prospectfl: Bureau of Mines Inf. Circ. 6693, 1933, 24 pp.
27 Walker, L. A., Shaft Sinking in an Operating Mine: Min. and Met., April 1937, pp.

202-204.
28 Gardner, E. D., and Johnson, J. F., Shaft-Sinking Practices and Costs: Bureau of

Mines Bull. 357, 1932, 104 pp.
211 Jackson, Chas. F., and Knaebel, J. B., Gold Mining and Milling in the United

States and Canada, Current Practices and Costs: Bureau of Mines Bull. 363, 1932, 151 pp.
30 Includes $11.69 hoisting cost.
31 Homer, Dudley D., Sinking and Equipment of the No.2 Shaft at Minas de Mata

hambre: Explosives Eng., vol. 11, No.2, February 1933, pp. 38-62.
32 Weaver, Lamar, Shaft Sinking in Tennessee: Eng. and Min. Jour., vol. 129, No.6,

Mar. 24, 1930, pp. 301-302.
33 Kelley, L. E., Shaft-Sinking Methods, Practices, and Costs of the Consolidated

Coal Co. at Its No. 261 Mine, Caretta, McDowell County, W. Va.: Bureau of Mines
Inf. Circ. 6602, 1932, 15 pp.

34 Steel and concrete.
35 Fawley, Allan P., Mining Gold Ore at Pioneer: Canadian Min. and Met. Bull. 305,

September 1937, Transactions Sec., pp. 475-486.
36 Oliver, R. M., Shaft Sinking Through Heavy Overburden at Falconbridge: Cana

dian Min. and Met. Bull. 311, March 1938, pp. 103-11l.
37 Sinking shoe 26.25 by 19.9.
38 Power not included.

~
1-1

~
t:rj

l:j
t:rj

~
t-to
~

~
t:rj

~
~

t--L
~
C1



136 METAL-MINING PRACTICE

LATERAL DEVELOPMENT

In tabular, dipping lodes and thick massive deposits the ore bodies
are developed laterally at several horizons spaced at more or less
regular vertical intervals. In areas of high relief each horizon may be
developed by driving an adit into the side of the hill, from which
branch headings are driven as required.

When the main extraction opening is a shaft, the horizons or
"levels" are developed from stations cut into the side of the shaft.
Shaft stations usually are partly cut and timbered during sllaft
sinking operations to avoid later damage to the permanent shaft
timbers from blasting against them when level development is begun.
Special shaft timbering is required at the stations, and by installing
it at the time the shaft is being sunk, the work of tearing out regular
shaft sets and replacing them with station sets later on is obviated.
By cutting the stations during shaft sinking, level development may
be begun on one or several levels at a time with minimlun delay as
soon as the shaft has been completed.

A level comprises lateral workings (stations, drifts, and crosscuts)
at approximately the same horizon or elevation, though the term
"level" is often employed loosely to designate all workings tributary
to the level proper. Level development provides haulageways and
means of access to the working places. The main drifts and crosscuts
serve as a base from whicll to drive auxiliary drifts, crosscuts, raises,
and winzes for the purpose of exploring and blocking out the ore
bodies and preparing them for economical extraction by stoping. They
also serve as airways for ventilation of the workings, afford drainage
facilities, and carry compressed-air and water lines and electric wiring
for operation of mining equipment.

LEVEL INTERVAL

The vertical distance between main levels is commonly 100, 125, or
150 feet, although intervals as low as 50 feet and as high as 250 or 300
feet sometimes are employed. In many instances arbitrary intervals
of 100 to 150 feet are satisfactory, but in others the most suitable and
economical interval can be determined only by careful weighing of a
number of factors governed by the shape and dip of the lode, position
of the shaft in relation to the ore bodies, distribution of and distance
between separate ore bodies, persistence of the ore between levels, and
physical characteristics of the ore and wall rocks, which, in turn,
determine the mining method to be employed.

These and other factors are discussed in an earlier Bureau of Mines
publication.3 In this publication the author has produced a set of
curves showing the relationship between cost per ton of ore mined and
level interval for shrinkage stoping, horizontal cut-and-fill stoping,
and square-set-and-fill stoping based upon estimates of development
costs and of the number of tons of ore developed per vertical foot for
different level intervals under a series of assumed conditions. These
curves indicate broadly that for these methods of mining the cost per
ton of ore mined decreases rapidly from intervals of 60 feet to intervals
of 100 to 140 or 150 feet, but very slowly, if at all, for greater intervals.

3 Vanderburg, William 0., Factors Governing the Selection of the Proper Level Interval in Under
ground Mines: Bureau of Mines Inf. eire. 6613, 1932, 17 pp.
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It is obvious that, other things being equal, the greater the amount
of ore developed per foot of dev-elopment headings driven, the lower
will be the cost of development per ton of ore mined. Were no other
factors to be considered, it might be concluded that the greater the
level interval, the less the development and, hence, the lower the cost
of development per ton of ore.

Within variable limits this is broadly true, but other factors enter
in to establish these limits. Thus, if the interval is too great, diffi
culties in ventilation may be experienced; the cost of driving con
necting raises between levels usually increases rapidly beyond lengths
of 100 to 150 feet; in irregular, erratic deposits a long level interval
usually will not serve to explore the ore bodies adequately; or it may
require so long a time to mine out the ore between two levels that
costs of level maintenance will be excessive and the stope walls may
become so heavy that stopes cannot be kept open long enough to
permit extractioll of all the ore.

A short level interval has the following advantages: (1) More
tllorough exploration is possible, which is especially important in
irregular, erratic deposits where the ore is not continuous; (2) shorter
connecting raises are required between levels; (3) handling of steel,
explosives, and timber into the stopes is facilitated; (4) more points
of attack by stoping can be made available; (5) in heavy ground re
quiring the use of slow extraction methods the time required to work
out a stope is less than with a high interval, and since the weight on
a stope or sloughing of the walls .often increases considerably the longer
it is kept open, expense of maintenance and loss of ore may be de
creased considerably with a short interval; (6) good ventilation usually
is maintained more easily.

Among the disadvantages of the shorter level interval are: (1)
Greater development. cost due to increased number of stations,
greater footage of drifts and crosscuts with correspondingly more
trackage and pipe lines; (2) more levels to maintain; (3) a greater
proportion of the ore tied up in drift and floor pillars, which may
have to be left permanently or extracted later at considerable extra
expense.

The stoping method to be employed may have an important bear
ing on the level interval. Thus if the mining system requires grizzly
levels above the haulage levels, or if floor pillars are required below
the drifts, the effective stoping height will be reduced considerably;
and if the level interval is short, the pillars will constitute a large pro
portion of the ore between levels.

Where block caving is the mining method employed haulage levels
generally are located to come under or near the bottom of the ore
body, and in modern practice high columns of ore up to 300 feet or
more are undercut and caved in one lift. Opening of grizzly and
undercutting levels above the main level is a part of stope develop
lllent that will be discussed later.

In sublevel stoping a level interval of 200 feet or more usually is
advantageous if the ore body is thick or deep enough.

If ground conditions require short stope lifts for rapid working out
of the stopes before weight or sloughing becomes excessive, or if erratic
ore occurrence demands a short level interval for prospecting purposes,
it may be most economical to drive the haulageways in the footwall
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and either to crosscut to the lode at frequent intervals (connecting the
erosseuts with extraction drifts in the ore) or to drive inclined raises
in rock from the haulageway to the bottom of the stopes for are
extraction. Footwall drifts, of course, add to the cost of dead work
but may materially reduce the cost of maintaining the haulageways.

In tabular deposits dipping at flat angles~ a given vertical interval
between levels obviously "lill provide a longer stope lift measured on
the dip; and the flatter the dip, the greater the relative length of the
stope lift. Such deposits usually are mined through inclined shafts,
and the level interval is measured along the dip rather than vertically
and determined by the height of stope desired or by the requirements
for prospecting the ore bodies.

In flat-lying deposits occurring in the form of disconnected ore
bodies at different horizons the level interval may be variable, and
levels may be established at elevations to match these horizons.

Where "the ore is in widely separated shoots along a vein or fault or
in the form of irregular disconnected bodies separated by barren rock
the dead work required to get from one ore body to another may be
reduced considerably if conditions are such that the ore can be mined
from sublevels not connected to the shaft and the ore transferred to
one main haulage level.

If a dipping vein deposit is worked through a vertical shaft in the
footwall, crosscuts from it to the lode become progressively longer on
ea.ch successive level, and dead work on the lower levels will be exces
sive, especially if the level interval is short or the dip flat. The choice
is then between a high level interval or an inclined sha.ft, although a
vertical shaft sta,rting in the hanging wall and passing through the
lode midway between the top and bottom of the ore will reduce the
dead work considerably.

SIZES OF DRIFTS AND CROSSCUTS

The size of headings will be influenced by such considerations as
strength of ground and requirements as to timbering for its support;
type of haulage to be employed, whether hand or animal tramming,
storage-battery or trolley locomotives, and size of cars to be used;
type of loading chutes or platforms; economical size from the stand
point of cost of driving; stoping method to be followed; ventilation
requirements; and amount of water to be drained through ditches.

The size of main openings with respect to requirements for ventila
tion, haulage, and drainage has been discussed already in connection
with the driving of adits. TIle minimum size to meet these require
ments is generally desirable from the standpoint of cost of driving and
maintenance. When drifting in ore that stands well, it may be more
economical to drive drifts larger than the minimum, especially if
mechanical mucking is employed, since the cost per foot will not
increase in proportion to the increase in size, whereas the cost per ton
of ore broken in the drifts will decrease with increased size of heading.
At one large gold nline in Canada it was found that by driving wide
drifts the cost per ton of ore from the drifts was only 1.8 times the cost
per ton of stope ore. 4 In steeply dipping tabular deposits, develop
ment drifts in ore are often driven the full width of the ore if it is not
too wide. If the ore is thick or the horizontal section of the ore body

4 Jackson, Ohas. F., Shrinkage Stoping: Bureau of Mines Inf. Oirc. 6293, 1930, p. 33.
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is wide by reason of its flat dip, the drift is often carried along the
footwall and is the most economical size, first cost and maintenance
cost considered.

The stoping method to be employed may influence the size of the
drifts. Thus, if shrinkage or cut-and-fill stoping is to be done directly
on the drift timbers, it may be desirable to drive high drifts rather than
return later and take down backs preparatory to stoping. On the
other hand, if pillars are to be left over the drifts and the stopes silled
at a higher level, the drift would be l{ept low to take as little height
from the stoping lift to the next level as possible.

Table 16 gives data on dimensions of drifts and crosscuts that are
typical of American practice.



rrABLE 16.-S·izes of typical drifts and crosscuts ~
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Oharacter of ore or rock Rock dimensions, feet

Mine and location Type of haulage Remarks
Drifts Orosscuts Drifts Orosscuts
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Do.

Do.

Do.

Untimoored.

Do.

Do.

Both timbered and nn
timbered.

Do.

Do.
Drifts tiJnbered.

Do.

Usually untimbered.

Untimbered.
Drifts heavily timbered.

Do.
Untimbered.

Usually untimberoo.

U ntimbered.
Drifts timbered.

Trolley and storage bat
tery, 1~2-and 3-ton cars.

Trolley, 16, 20, and 40 cu.
ft. cars.

Hand,l-toncars _
Storage battery, 2-ton cars;

(1930), 2-ton cars.
Hand, I-ton cars _

Hand, mules, trolley, 1-
ton cars.

Trolley, 1- and 2-toncars _

Trolley, 2~-toncars _

Storage-battery locomo-
tive, I-ton cars.

Trolley, 2-ton cars _
Storage-battery locomo

tive, 2- and 3-ton cars.
Storage-battery locomo

tive, 2.3-ton car".
Storage-battery locomo

ti'~e, 5-ton cars.
5 by 7 incleaL _

7 by 7

1

7 by 8 _

7.5 by 8 to 9 by
10.

6 by 7 _

7 by 7 _
15 by 8 _

8 by9.5
1

6 by 7 _
8 by 10 _

6by

8.5 by 7 to 9 by
7.5.

8 by 8 _

7.5 by 8 to 9 by 10. Main
haulage, 8 by 10 min.

6 by 7 _

8 by 8 (main haulage) _
7 by 8 _

8 by 9.5 (6 by 8 inside
timbers).

8 by 8 in clear, lllin. In
ore, 13 ft. high by full
width of ore up to 18
ft.

~:::~;:::~-:_:::::::::I:::: :~:_:::: :::::::::::::::-I:: _: :~:::::::::::::::::::: I

Mascot No.2, Tenn I DolollliticlirIlestone - -I Dolomitic limestone __
Bunker Hill, Idaho_ Quartzite and ore -_ __ __ Quartzite -- --I

Vipond, Ontario do____________________ _ do 6 by
Lake Shore, Ontario Hard silicified porphyry Hard porphyry, syen- 8 by 8

1

and lamprophyre. ite, and lamprophyre.
Teck-Hughes, Ontario do do 5.5 by 7.5, later widened 1

to 8.5.
No.1, Tri-Statedistrict__ Dolomite and chert_ ____ __ Dolomite_______ ___ __ 7 by 7 _

No.8, Southeast Mis- DolOIniticlimestone Dolomiticlimestone 7 by 8
1

souri.
Bonne Terre, Southeast __' do - - do --- _-- __ -- --I

Missouri.
Edwards, N. y _________ Silicified dolomite_ ________ Dolomite and gneiss_

Homestake,S. Dak Hornblende schist and Hardschistandporphy- 6.5by7to7by8 7by7.5to8by8_ Oompressed-airmotors~l-

quartz. ry. ton cars.
Alaska-Juneau, Alaska_ _ Slate and metagabbro__ __ Slate and metagabbro 9 by 9 9 by 9___________ Trolley, lO-toncars _
Argonaut, OaliL _ __ __ Quartz veins inslate _______ Slate, greenstone, schist_ 9 by 9 to 11 by 10 9 by 9_____ __ Hand, I-ton cars _
Kennedy, OaliL do do 9 by 9 8 by 1L do _
Empire, OaUL Quartz veins in granodior- Granocliorite_ __ __ 5 by 7_ 5 by 7_ __ Hand and Illule. Storage-

ito. battery IOCOlllOtive on
4,600 level.

Hand and animal _Sixteen to One, oaliL 1 Quartz veins in amphibole 1 Amphibole schist_ - - -- - _1 6 by 7------------------- 1
schist.

Hollinger,Ontario Quartz and mineralized Basaltic schist and por- 8.5 by

McIntyre, Ontario ~~J~:~~~~~~_i~~~ ~!&r_~~__________ ______ 8 by 8 1



Park-Utah, Utah________ j Quartzite, limestone, and Quartzite and lime- 8 by 8___________________ 5 by 7___________ Trolley, 3;,~-toncars _______ Drifts usually timbered.
ore. stone.

Magma, Ariz____________ Altered silicified diabase Mostly sedimentary 7 by 7 or 7 by 9 untirn- 7 by 7 to 7 by9___ Trolley and storage bat- Drifts mostly timbered.
or porphyry and quartz. rocks. bered; 10 by 10 tim- tery, 2-ton cars.

bered.
Engels,OaliL ___________ Sheared and altered dio- Diorite__________________ 6 by 7___________________ 6 by 7___________ Storage-battery locorno- Untimbered.

rite. tive, I-ton cars.
Marquette No. 1, Mich__ Hard iron ore_____________ Slate, quartzite, jasper, 8 by 8___________________ 8 by 8___________ Trolley and storage-bat- Do.

and altered diorite. tery locomotives, 5. 5-and
2.5-ton cars.

Marquette No.2, Mich__ Soft iron ore_______________ Ferruginous cherts and 10 by 10_________________ - - - - -- ---- - - -- - - -- Trolley, 5.5- and 2.5-ton Do.
slates. cars.
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Drifting and crosscutting practices llave been discussed by Gardner 6

in an earlier Bureau of Mines publication.
In general, the same types of rounds, methods of drilling, blasting,

mucking, and ground support are employed as those previously dis
cussed under the caption Metllods, Equipment, and Costs of Driving
Adits.

COST OF DRIVING DRIFTS AND CROSSCUTS

Costs of lateral developnlent vary between rather wide limits and
depend on the size of the headings; nature of the ore and rock, its
drillability, breakability, and ground support needed; rate of driving;
type of equipment, wllether hand or mecllanicalloading is employed;
wage rates and efficiency of labor; and management. These points
have been discussed already under Costs of Driving Adits. It has
also been pointed out tllat driving costs will depend on the amount of
overhead they must carry and thus that at a producing mine where
such costs are distributed between production and development, the
unit cost may be considerably lower than where development work
only is being done.

Table 17 presents typical drifting and crosscutting costs.
5 Gardner, E. D., Drilling and Blasting in Metal Mine Drifts and Crosscuts: Bureau of Mines Bull. 311,

1929, 170 pp.



TABLE 17.-Typical drifting and crosscutting costs

Costs per foot

Mine and year Size of rock
section, feet Kind of rock Drill round Mucking

method Rate of advance
Com- I I I Mis-Labor Ipr_ess-I Ex- Tim- T k cel- I Total

and ed-air plo- bel' rac lane-
s~~er- drills, sives ous
VISIOn steel

------------1 [----------------[-------------------1------[ 1---1---1---1---.---,----,---

14 holes, bottom draw _____do_________ ---- ------------- - -- 5.01 1. 17 2.41 .46 ------ - 2.38 I 11. 43
cut.

7 or 8 holes ____________ _____ do_________ 4 ft. per round 4__ r3.79 41.93 41. 25 .14 4.30 ----- -- 7.41
55.47 (5) 5.70 .14 6.15 -----_.- 6.46

22 holes _______________ Power shoveL. 5.65 ft. per round __ 6.76 1. 38 1. 42 1. 99 ------- 1. 88 13.43
13-15 holes, V-cut_____ Hand _________ 5 ft. per round_____ 7.43 61.54 .95 4.37 ------- .50 14.79

____ do_________ 1 4 ft. per round_____ 6.19 I 2.26 2. 71 1_______ -------1 .54 11. 70
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.37

.64

.90

.02

$0.00 (2) $1.40 $15.46
.00 $0.46 2.54 14.13
.00 --- -- -- 31.85 7.87

.00 --- ---- .28 8.17

.83 .44 .18 12.04

.82 ------- 3.30 17.46

_______ 1 1 .10 111 13.17

__ ~~~~_ ======= __:~~~ _ J~: i~
2.35
2.39
(14)

2.25
2.05

2.50

2.80

3.50
3.54

$2.36
2.38

4.36
4.52

2.01

1.18

2.25
12.87
2.16

6.21
6.57

8.83

8.83

Power shoveL.! 747.3 ft. in 1 month_20 to 24 holes, pyra
mid cut.

.34

1

7 14.78
.36 7 15.65

{

14.62
.91 81.85

16.47
From hard and 1;llocky 129 to 33 hOles 1 Scraper slide__ 16 ft. per ShifL I I I I I I ---I g 25.83

to soft and schIstose.
Schist and porphyry__ 20 hOles, pyramid cuL_ Hand_ 6 ft. per round 11 6.47 1. 68 2.35 .27 11 10.77

15 by 10_______ Gneiss_ _ 28 holes, V-cuL Power shoveL _ 5 ft. per shift_ $9.90 1 $1.80
7 by 7_________ Limestone and cherL _ 12 holes_ __ Hand_ 6 ft. per round_____ 7.37 1. 38
7by8 Limestone 16 holes, side draw cut. do 3t06ft.perround_ 4.89 1.13

7 by 7 Dolomitic limestone 20 holes, pyramid cut do 6.5 ft. per round___ 4.07 1. 57
8 by 7 Limestone, granodior- Center cuL do_________ 6.13 2.41

ite, iron ore.
6 by 8 1 Metamorphosed igne- 17 holes do

I 1

ous and sedimen-
tary.

7 by 8 1 Quartzite _

Porphyry _

Monzonite porphyry__
Quartz, serIcite schist,

some porphyry.
Vein matter green

stone, quartz por
phyry.

c_entral Patricia, On-I{5 by 7 1 Quartz vein I I dO ---1--------------------1
tario, 1930. 5 by 7_________ Greenstone do _

Siscoe, Quebec. 1935____ 8 by 8_________ Greenstone and grano
diorite.

Britannia, British Co- 10 by 12 _
lumbia, 1934.

H 0 II i n g e r , Ontario, 7 by 8.5 cross-
19~4.l0 cuts.

Do_________________ Drifts j Quartz.veins in SChist_I do --.----------I-----do---------I-----do----- -------- ill 8.47
Page, Idaho, 1936 5 by 7 QuartzIte Power shoveL_ 5 ft. per round_____ 5.56
Pioneer, British Co- do Greenstone, diorite, 15-19 holes, burnt cut- Hand 5.5 ft. per round 11 6.00

lumbia, 13 1936, upper quartz.
levels.

See foot:lotes at end of table.

Bunker Hill & Sulli-
van, Idaho, 1928.

Questa, N. Mex., 1930__ 14.5 by 6.5 _
Morenci, Ariz., 1928__ __ 10 by 10 arched
Ray, Ariz., 1928 8.5 by 9 _

Verde Central, Ariz., I 5 by 7 _
1927.

Mineville, N. Y., 1927__
Tri-State NO.1, 1928 _
Southeast Missouri No.

8, 1928.
Mascot, Tenn., 1929 _
Hanover-Bessemer, N.

Mex.
Teziutlan, Mexico,

1930-31.



TABLE 17.-Typical drifting and crosscutting costs-Continued

Costs per foot

Mine and year Size of rock Kind of rock Drill round Mucking Rate of advance Labor Com- Mis-
section, feet method and press- Ex- Tim- cel-ed-air plo- ber Trackl lane- Totalsuper- drills, sivesvision steel ous

------------------- ----

Pioneer, British Co- _____ do_________ _____ do_________________ _____ do_________________ Power shoveL 6.0 ft. per round ___ 11 $6.20 $2.62 (16) ------- --- ---- $0.13 11 $8.9.5
lumbla,l3 1936, lower
levels.

Siscoe,16 August 1935___ 8 by 8_________ Granodiorite __________ 20-24 holes, pyramid _____ do _________ 743.3 ft. in 1month 8.84 1. 17 $2.80 $0.90 .91 li 14.62
cut. (6-day week).

Octave, 1935____________ 6 or 7 to 10 by Granodiorite and 12 to 18 holes __________ Hand _________ 3.5 to 4.0 ft. per 18 6.87 2.08 1. 38 $0.07 .14 .45 10.99
7. quartz vein. round.

1 Includes track.
2 Included with compressed air, drills, and steel.
3 Includes explosives.
4 Machme drilling.
Ii Hand drilling.
6 Machine drills only.
7 Costs prior to production period.
~ Hoisting and waste disposal.
9 Includes proportion of capital charges, equipment, and construction expense.
10 Young, Arthur W., Mining [Hollinger Consolidated Gold Mines, Ltd.]: Canadian

Min. Jour., September 1935, pp. 377-379.

11 Direct costs only.
12 Power for drilling and mucking.
13 Fawley, Allan P., Mining Gold Ore at Pioneer: Canadian Min. and Met. Bull. :305,

September 1937, Transactions Sec., pp. 475-486.
14 Included with labor, 14 lbs. per foot.
15 Included with labor, 171bs. per foot.

16 Brown, W. F., Driving a Long Crosscut: Canadian Min. Jour., November 1936. pp.
579-581.

li Not including hoisting and waste disposal, $1.845.
18 Includes tramming, hoisting, and shop labor.
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The figures are not necessarily directly comparable, even where they cover costs under similar conditions
because of variations in the methods employed by different companies in distributing overhead charges, power
costs, etc.

Table 18 gives typical performance, man-hour, and supply-consumption data on driftirlg and crosscutting.

TABLE 18.-Typical performance, man-hour, and supply consumption, drifts and crosscuts

1 Timbering
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16.4lin.fL 1 46.3
107.88 bd. ft _
113.0 bd. fL _

5.91 16.00

E~f~r~E::~:1::::::::8.44 8.00
9.20 11. 6

7.84 12.9

'~:;~~~~~:~~: ~ I::::~~~~3.85 6.2
7.24 7.4
6.60 11.2

4.74 25.5 ---------- -

14.20 17.0 11.0 bd. fL--r------
28.80 20.0 149.1 bd. fL ___________
3.49 8.21 None__________________
8.20 5.50 137.8 bd. fL __________ .
9.60 12.5 45.0 bd. fL ____________

4.80 15.7 79.0 bd. ft_____I________

4.27 .821 .823.71 1. 35 3.38
4.41 2.02 2.77

4.98 2.86
1. 83 2.02
3.94 1. 09 I 2.21
3.30 3.80

Man-hours per fOi
t

IEXPlO-j I
~rill- I sives, Timber, per i:~':~~.

lng M pounds foot
and i~~k- Other Total per foot per foot

blast
ing
_--1-----

3. 03 3. 03 6. 061 9. 40 IN one_ - - - - - - - -I 46. 0
4.70 2.35 2.58 9.63 15.67 do_________ 63.0

7. 73 14. 77115.48 37.98 10.97 29.6 bd. fL ____ 251. 4

Mucking
methodDrill, roundRockSize, feetMine

Do _
Do _
Do _

Burra-Burra, Tenn.. 1928_

Marquette No.2, Mich__

Champion, Mich _
Morning, Idaho, 1929 _
EI Potosi, Mexico, 1933 __
Braden, Chile _
Butte and Superior,

Mont., 1930.
Page, Idaho, 1928 _

Spring Hill, Mont., 1930_ 7 by 7 Limestone and diorite 12 holes Hand _
Granada, Quebec 5 by 7 Graywacke, conglomerate, 18 holes do _

and vein.
Teziutlan, Mexico- 6 by 8 Metamorphosed sediments 17 holes do _

and igneous rocks.

~!;,:i~~~~~~~~::~~~~:~ ~?:~;if~:~:::::::: 8Er~!~~~i;~;::iS~;;::::: ~~ ~~\~~~~~~:::::: -~~~1~~~~~~!:~::~~:::I=======I=======ll!:~ 1
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Eureka-Asteroid, Mich., Iron formation, chert, and 24 holes Scraperslide-__ ------- ------- ------- ------- 1 1 _

1928. quartzite.
a. Untimbered 8 by 10 In hard rock -------------------- 1
b. Timbered 9 by 1L In soft rock _

Montreal, Wis 9 by 9 Chert, slate, greenstone 15 to 22 pyramid do _
cut.

8 by 8 do do do _
5 by 7_______________ Iron ore_ __ ___ ____ ___ _____ Hand _
9 by 12 do_____ __ _ __ 30 holes_ ____ __ __ __ Scraper slide __
8 by 8 Graywacke, conglomerate, 20 holes Hand _

schist, massive sulfides.
10 by 10_____________ Softiron ore_________________ 21 holes, center V Power shovel_ .83 2.00 1. 91

cut.
8 by 13.5_ ___ Trap________________________ 35 holes_ __ Scraper slide_ _ 4.90 6.20 3.10
13 by 13 Vein material and quartzite_ 25 to 26 holes PowershoveL _
5 by 7 Softlimestone 18 holes, toe cut Hand _
7.5 by 9.5 Andesite porphyry 9 to 12 holes do ..:__ 1. 73 3.27 13.20
7 by 9 and 8 by 10, Granite and vein matter, 12 holes do _

timbered. mostly hard.
8.5 by 9 Soft, loose, swelling do

I
• , _
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FLAN OF LEVEL LAY-OUT

The level lay-out will depend on the size, shape, dip, and distribution
of the ore bodies, the strength of the ore and wall rocks, the mining
method to be employed, the anticipated rate of production, and the
type of haulage.

In the Tri-State and Southeast Missouri districts, wide, flat, bedded
deposits of firm ore with strong capping are mined by breasting out

Middle level----__,-_

Upper level ......-.-._._._

Ore pillars. lower level •

Ore pillara, middle level •

Ore pillara. upJlel' level ~

\ MJ 100 150 f()() f50 800

Seals in/eet

FIGURE 55.-Plan of Barr mine, '"rri-State district.

the full width and height of the ore but leaving pillars for support
of the back. The level plan thus becomes the ore outline. If the
shaft is sunk outside the ore body, a sllort connecting crosscut from
the shaft, and perhaps others to separate ore bodies, constitute all the
development work required, the ore being mined as the workings
advance. (Fig. 55.)

Figure 56, A, shows a partial plan of a level at the Morning mine
in Idaho, where the ore is in a vein 6 to 30 feet wide, dipping at 80° to
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nearly vertical. The deep levels are developed by a shaft in the foot
wall sunk from an adit level. Levels are established at 200-foot
vertical intervals, and level development comprises the cutting of
shaft stations and skip pockets, crosscuts to the vein with extensions
to provide room for tail track, pump, and motor-charging stations
near the shaft and drifts on the vein. Drifts are 13 by 13 feet in cross
section and are timbered with standard drift sets.

Where the vein is much wider or flatter, as at the Bunker Hill and
SullivaIl mine, crosscuts are driven from the shaft or incline to and
through the ore, but more than one drift may be required to facilitate

,.,;-.0.;.;.=-00.._==..--__=

Motor -char 9 11''19
station.

~

~ ~Ralse to level above

,--........._-i..\'.:.-\ :,'.,~.:::'~;1~~~~;.::::;,\ FOOl.. " dr if'

~----=~~----2,650 Jevel

~I •• 00· to 50·f1I
FIGURE 56.--A, Plan of level, Morning mine, Idaho. B, Partly developed level in wide ore body. C,

Complete development of sill floor, Bunker Hill and Sullivan mine.

rapid removal of broken ore from the stopes. (Fig. 56, Band 0.)
Here the dip is 40° to 50° and the footwall drift (fig. 56, C) is used as a
main haulageway and base from which to drive rock raises to the
upper p,art of the stopes. If the ore were the same width and vertical,
a single extraction drift through the center might be elnployed; or,
wllere very wide, two or more parallel drifts might be required.

Figure 57, A, is a plan of the 550-foot level of the Hollinger mine
in Ontario as it was in 1924 and where a network of parallel and
cross lellses or veins of ore (shown in solid black) is developed from
a main haulage drift in· the footwall of the ore zone, from which cross
cuts are driven approximately at right angles and about 300 feet apart
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to intersect the various veins. Extraction drifts are then driven in
the veins from these crosscuts.

Figure 57, B, is part of a level plan at the Homestake mine (1930).
The ore body is wide and the ore was mined in transverse shrinkage
stopes between pillars, which were mined later by square-set stoping.

;;"1
) .c.,+:1
h:·lI:t· +.

,.;0<.+ i
.1:'+.+ i ~~

~::: ;?:t~~'~~~~~ ,:~,~~T=-

FIGURE 57.-A, Plan of 550 level, Hollinger mine, Ontario,\:1924. (After A. O. Burrows, Ontario Depart
ment of Mines.) B, Part of a level, Homestake mine, South Dakota, showing scheme of development
(1930).

Two main haulage drifts were driven, one in the hangingwall and
one in the footwall, which were connected at lOO-foot intervals by
extraction crosscuts through the ore as shown.

In tabular,· dipping ore bodies where the ground is heavy., the drifts
may be driven in waste in the footwall and parallel to the lode to
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reduce the cost of drift maintenance. From the footwall drift, rock
raises may then be driven to the sills of the stopes, or crosscuts may
be driven to the vein and connected by short drifts for ore-extraction
purposes; the latter may be abandoned as soon as the stope se,ction
above has been mined out. If, in addition, the dip is fairly flat and
the stopes must be filled (cut-and-fill or square-set-and-fill stopes)

~. .. -

one drift may be driven in the ore or in the footwall for extraction of
ore fro:m the stopes above the level and another in the hanging
wall, through which waste may be hauled and dumped into the
stopes below the level.

Figure 58 shows the level-development plan (1929) of the Inspira
tion mine, where large bodies of low-grade copper ore of the "porphyry"
type are mined by block caving. Note the equal spacing of drifts and
standard curves to facilitate rapid movement of ore trains.
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Other level plans or patterns differ in detail, but those mentioned
are typical.

Shaft-station plans or "plats" are of two general kinds- (1) those
in which a connecting crosscut or station is driven straight out from
the hoisting compartments (fig. 59, A) and (2) those in which the
drift or connecting crosscut is driven parallel to the shaft (fig. 59, B).

In general, the first plan is employed where the loaded mine cars
are hoisted to surface on cages or where they are dumped directly
into skips without intervening storage pockets, and occasionally
where pockets are employed. With this arrangement, trains of
cars must be uncoupled for hoisting or for dumping one at a time.

With the second plan, trains of cars may be run past the shaft and
dumped, without uncoupling, into skip pockets or through short

North compartment

/

.......u-i~- South
~=~ compartment

Main haulage
crossut

FIGURE 59.-Two general types of station plans.. ~'s~~ft"cutstraight out from shaft. B, Crosscut parallel

chutes directly into the skips. Where large tonnages are handled,
this plan usually will facilitate more rapid and efficient ore handling.

The subject of shaft stations and skip pockets will be discussed in
greater detail under "Handling and Haulage of Ore."

Pump rooms and sumps (fig. 59, B), car-repair shops, battery
charging stations, and locomotive barns often are situated near the
shaft, and the details of the level plan will vary with their size, shape,
and position.

STOPE DEVELOPMENT

The foregoing discussion relates to general mine development and
covers the work required to reach and penetrate the ore bodies and to
provide the main arteries through which the ore is taken from the
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mine. 'I'hese arteries provide mine drainage and avenues for travel
and transportation of men and supplies and for installation of com
pressed air and drilling-water and electric transmission lines.

Little or no general or stope development may be required in some
types of ore bodies that have been roughly delimited by drilling before
development, and where strength of ore and wall rock, size of the ore
bodies, and other physical conditions are such that the ore can be
stoped virtually as it is developed. Typical of this type are the mines
of the Tri-State lead and zinc district.

Other conditions may require varying amounts of stope preparation
before actual extraction of ore by stoping can begin.

1tfany mining companies combine costs of general and stopedevel
opment for accounting purposes, whereas others include stope-develop
ment costs as a part of the stoping cost. In this discussion, distinction
is made between general development and stope preparation.
Although. stope developnlent often is done simultaneously with general
development and stoping and continues after stoping has begun, it is
a distinct operation and has for its purpose actual blocking out of the
ore and provision of facilities for carrying on stoping operations and
removal of the ore. It consists principally of raising, installing ore
passes an.d loading chutes, and driving sublevels.

The amount and nature of the stope development required depend
on the stoping method selected, which, in turn, is determined by the
physical characteristics of the deposit. Thus, in preparing for
shrinkage stoping, chutes are installed at rather close intervals along
the drifts, when stoping may begin immediately if the stopes are silled
out on the level or on top of the drift timbers. If the stopes are to be
started on top of drift pillars 10 to 15 feet or more above the back
of the drift, raises are extended upward from the chutes the required
distance, where they are connected by small subdrifts, which are
slabbed off to the walls the full width of the ore to form the stope sill
(fig. 60, .il). In either case, it usually is necessary to run at least one
raise through to the level above for each stope to provide adequate
ventilation and means of egress to the upper level. These through
raises, however, often are run after the stope has been in operation for
some tim.e and has advanced upward a considerable distance.

In preparation for cut-and-fill stoping, chutes are spaced consider
ably farther apart, and usually a timbered or cribbed manway is
carried alongside each chute or alternate chutes for entrance to the
stope and for handling timber and supplies into the stope. With this
:rnethod of stoping, it is usually necessary to run a through-raise in
each stope section to the level above before stoping begins, to provide
a means for introducing waste filling and for ventilation of the stope.
These raises serve also as a base from which to start cutting the succes
sive stope floors. Likewise, a through raise generally is required in
square-set stoping for ventilation and filling, and chutes must be
provided at the level for drawing off the broken ore.

Where stopes are silled on the level or immediately over the drift
timbers, the first step in stope preparation may be the slabbing of the
sides of the drift to the walls of the vein or taking down the back to
make room for sill timbering and starting the stope over the timber,
or both.

The time required and amount of work to be done in preparation
for shrinkage, cut-and-fill, and square-set stoping are relatively small,

141609°--39----11
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and stoping can be begun soon after the main level has advanced a
hundred feet or so along the lode. Sublevel stoping, sublevel caving,
top-slicing, and block-caving require more stope preparation before
ore extraction can begin.

In sublevel stoping (a form of open stoping), ore chutes, manway,
and "starting raises" must be put up and one or more drifts driven on
each sublevel (fig. 60, B).

In sublevel caving and top-slicing, raises are put up at intervals of
about 20 to 50 feet or more to the top of the ore body to serve as ore

A
No (/"pper l1o/e.s dr,//ed
t//?/e.ss ,10or "pillar /.J
fo be mined

~ /.!J() :"v.6..
I II "

//0'SuiJ
0

,
8S'.SulJ.

~a
~

60&.6,~

~

~
{jut>.

/2 th /ev~/

GrlZzlj suiJ /'Jot- connecred
to .sfo,Pe n1anway .buf;'a <3

B .sepo.ra.te. /adderway

FIGURE OO.-A, Shrinkage stope showing chutes and raise development. B, Sublevel stope showing chutes,
raises, and sublevel drifts.

passes, manways, and timber slides, and these usually are connected
by a so-called tinlber drift on the top sublevel before slicing is begun.
If the bottom of the ore is some distance above the luain haulageway,
so that raises from that level would require a large amount of barren
rock work, it may be desirable to put up a rock raise at one or both
ends of a block of ore and drive a transfer drift in ore at or just above
the bottom of the ore body, from which raises are then driven in ore
at regular intervals to the top of the ore. In recent years, transfer
drift systems have come to be employed in some mines, even where
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th~ !aises .would be in ore, to cut down the cost of driving and main
tamIng raIses.

In prepar3/tion for block eaving on a large scale, considerable time
is required and relatively large expenditures are involved before ore
breaking by caving begins. As usually practiced, it involves instal
lation of a series of loading chutes along each haulage drift, from each
of which long, inclined, main extraction or transfer raises and branch
raises are driven; the driving of grizzly drifts, cutting of grizzly
chambers, and installation of grizzlies; the driving of boundary cut
off raises, subdrifts, and, in some cases, boundary shrinks; the driv-

A

-I I I
~ i

LlZJ 30 1· 503 148 I
23] 45 29 3812~ 345~ 3 63 31 52 60 46r
28 '8' 49 IsJ 33 ia 42 54 41
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FIGURE 61.--Undercut block-caving, individual stope system, Miami mine, Arizona. A, Plan of 51O-foot
boundary caving level showing order of mining stapes. B, Isometric drawing of 150- by 300-foot stope.
C, Detail of ore-transfer raise system.

ing of finger raises and installation of draw sets; and work on the
undercutting level. (Fig. 61, Band 0.) There may be some dif
ference of opinion as to which of these operations should be included
with stope development alld which with stoping. Thus, there may
be some question as to whether tIle excavation of boundary shrinks
is a part of stope development or stoping, and as to whether the work
on the undercutting level is stoping or preparation. The exact clas
sification may reasonably depend upon the particular details of prac
tice employed in specific instances. Boundary shrinks are certainly,
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strictly speaking, stopes, and the operation involved is stoping. The
driving of drifts on, or connecting finger raises to, the undercutting
level might logically be considered as development; whereas the
slabbing of the drifts or the belling out of the tops of the finger raises
to meet each other might be considered as either stoping or develop
ment.

The size and shape of the ore body and the stoping method em
ployed obviously will have an important influence on the tonnage of
ore developed by a given amount of development work. The tons
of ore developed per foot of stope development have been estimated
closely for a number of mines using various stoping methods and
have been approximated for other methods. These figures are given
in tables 19 to 22, inclusive. The examples selected for tabulation
represent a wide range of conditions and of variations in widths and
sizes of ore bodies.

TABLE 19.-Amount of stope development required in typical open-stope mines

Mine Variation of open-stope method

Stope Ore devel-
development oped per
per ton of ore linear foot

d I of stope
eve oped, development,

foot tons

Burra-Burra, Ducktown, Tenn.! Sublevel stoping, 40-foot sublevel in-
terval.

Isabella, DuCktown, Tenn.' Room-and-pillar; underhand stoping __
Menominee range, mine A, Mich.3_ _ Sublevel stoping _

~:~~~i~:: ~:~~:: ~~~: ~: ~~~~:::: :===:~~::~=~::::::==::=:=:=::==:====::==
Menominee range, mine D, Mich.6 do _
Marquette range, mine E, Mich.7 Overhand and breast stoping, regular

pillar support, rooms 22 by 22 feet.
Gold rnine, Ont. 8 Sublevel stoping _
Horne, Que.9 .__ Inclined stopes benched as in sublevel

stoping.

0.0083 120

.0050 200

.0300 33

.0180 55

.0220 45

.0500 20

.0167 60

.0080 125

.0130 75

1 Hard, firm ore and walls; sublevel interval, 40 feet; wide ore.
2 Hard, firm ore and walls; pillar support; wide ore.
I Firm, strong, moderately hard ore; walls moderately strong; sublevel interval, 25 feet, wide are.
• Ore and walls moderatly strong; sublevel interval, 25 feet.
a Ore moderately strong and hard; walls strong but slough after long exposure; sublevel interval, 25 feet.
ft Ore soft and not very strong; stope faces slope outward; sublevel interval, 25 feet.
7 Ore and walls firm; ore moderatly hard.
8 Ore and walls hard and strong; sublevel interval, 33 feet.
9 Ore and walls hard and strong; interval between inclines, 30 feet.
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TABLE 20.-Amount of stope development required in typical shrinkage-stope mines

Mine Variation of shrinkage method

Stope de- Ore devel
Average velopment lrg:~f~~t
width of per ton of of stope
ore, feet ore devel- develop-

oped, foot ment, tons

Climax, 0010.3 _

Alaska-Juneau, Alaska _

Beatson, Alaska _

Nevada-Massachusetts, Nev _ On drift pillars _
Hannony, Idaho_____________ On drift pillars with grizzlies over

chutes.
Hillside, IlL _________________ On drift pillars in wide ore; on stulls

in narrow ore.
Daisy, IlL_. On stull timbers _
Eighty-five, N. Mex _________ 15 percent on drift pillars; 85 percent

on stulls.
Teck-Hughes,OnL __ .. On drift pillars _
Lake Shore, Ont do . _
Sylvanite, OnL On drift sets _
Vipond. Ont- Partly on stulls; partly on drift pillars_
McIntyre, OnL On drift sets _
Engels, CaliL On drift pillars _
Bristol, Mich ________________ Transverse stopes, 15 to 25 feet wide

between pillars 12 to 22 feet wide.
Pillars caved and drawn with shrink.

Stopes 400 feet by 50 feet, separated by
40-foot pillars.

Forced caving by large blasts in coy
ote drifts.

Stopes 70 feet wide between pillars 30
feet wide. Large rounds drilled
around mining raises.

4.5
5.0

12.0

6.5
5.0

9.0+
9.0+
4.0
8.0+

10.0
Wide

1140

(4)

2,000+

1340

0.020
.020

.010

.008

.008

.0133

.0168

.020

.0045

.0067

.005
2.0028

.0025

6.008
6.005

.0131

50
50

100

125
125

75
60
50

222
150
200
357

400

6125
0200

76

1l\1.aximum.
2 Long tons.

3 1929.
4 Hundreds of feet.

6Including coyote drifts.
6Not including coyote drifts.

TABLE 21.-Amount of stope development required in typical sublevel-caving and top
slicing mines

Stope de- Ore de-
veloped pervelopment linear footMine Stoping method per ton of of stope de-ore, foot 1 velopment,

tons!

No. 16________________ Sublevel caving; sublevel interval 20 feet ________________ 0.0083 120
No. 19________________ ._____ do ______ .____________________________________________ .0100 100
No. 20________________ Sublevel caving; sublevel interval 18 feet________________ .0172 58
Mesabi No. L ________ Parallel top-slicing, scraping into cars___________________ .0111 90
Mesabi No. 2_________ _____do __________________________________________________ .0101 99
Mesabi No. 3_________ ___ :. _do _________________________________________________._ .0209 48
Mesabi No. 4_________ Parallel top-slicing, scraping into cars (interval 14 feet)-_ .0278 36
Mesabi No. 5_________ Parallel top-slicing, scraping into cars (interval 13 feet) __ .0294 34
Mesabi No. 6_________ Radial top-slicing, scraping to chutes (interval 12 feet) __ .0242 41
Vermilion N'o. 7______ Radial top-slicing, scraping to chutes (intervalI2Y2 feet)_ .0156 64
Cuyuna No. 8________ Radial top-slicing, scraping to chutes (interval 11 feet) __ .0111 90
Marquette N"o. 9___ .. __ Parallel top-slicing, scraping to chutes (interval 11 feet)_ .0143 70
Marquette No. 10_____ 'Radial top-slicing, scraping to chutes (interval 10 feet) - - .0143 70
Marquette No. lL ____ Radial and parallel top-slicing (interval 10 feet) _______ -- .0061 164
Marquette N"o. 12_____ Parallel top-slicing, scraping to chutes (interval 11 feet)_ .0088 114
Marquette No. 13_____ Parallel top-slicing, scraping to chutes (interval 10 feet)_ .0061 164
Menominee No. 14____ Parallel top-slicing, scraping to chutes (interval 12 feet)_ .0260 3R

1 Long tons of 2,240 pounds.
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TABLE 22.-Preparatory work per ton of ore developed at typical block-caving mines

Mine and kind of development
Development per ton of ore Ore per

-----------c----I unit of de
velopment,

Linear foot Square foot Ton tons

Ray, Ariz.:
Supply drifts_____________ __ 0.00058 - - -- -- - - ---
Grizzly drifts_____ __ ___ _ _ __ .00260 - -- __ -- __ - - - - - - -- --
Shrinkage stopes_ _ _ 2 0.029
Undercutting -- -- -- .020

11,723.0
1385.0
334.5
349.8

Total - - -- -- .00318 .049 1314.0
• 20.4

Miami, Ariz.:
Grizzly level drifts_ ____ ____ .00131 - - - _
Grizzly level raises and chutes _
Boundary drifts___ ___ ____ __ .00436 --- _
Boundary corner raises_______________________________ .00057 -- _
Finger raises -- .00575 __ - - - - - - -- - - - - --- _
Undercutting drifts_ __ __ .00125 - - - - - - - - _
Undercut mining_____________________________________ . 044~4 _
Drilling and blasting boundary drifts_ _ .00436 ----- - __ - - - ---- _
Drilling and blasting corner raises ~ -- -- - - -- -- -. - - - -- -- - - -- -- - - - - - -- - -- -- - - -- --

Total ---- -- _-- ---- -- ------ -- -- -- -- ,==.0=1=76=0=1==="0=44=8=4 1- - - - - - - --

Humboldt, Ariz.:
Supply drifts_________________________________________ .00108 _
Grizzly drifts_________________________________________ .00325 _
Grizzlies -- __ -- -- .. __ - -- - - - -- - - - - - - -- - - -_- -- -_
Finger raises_ __ .00691 - _
Pilot raises ._ _ .00067 - - -- --- _
Shrinkage drifts _ .00133 .. __ - _
Shrinkage stopes_____________________________________ .075
Undercutting_ _ .083

1763.0
6 13,917.0

1229.0
11,754.0

1174.0
1585.0
622.3

1229.0
768,439.0

156.8

1923.0
1307.0

88,571. 0
1145.0

1 1,500.0
1750.0
8 13.3
812.0

Total --_--- -_---- -_-- -- - - -- - - - - -- .01324 .158 { 175.5
a 6.3

1 Per foot.
2 Tons of broken swell only.
a Per ton.

• Per ton of swell.
6 Per set.
a Per square foot.

7 Per raise.
8 Per grizzly.

STOPE-DEVELOPMENT METHODS

The foregoing section indicates in a general way the nature of work
comprised in what is termed stope development. Installation of
chutes for drawing off ore on the haulage levels is in reality a part
of stope preparation. However, chutes are employed for loading
ore into the mine cars (the first operation in transportation of ore),
and details of cllute construction and operation therefore will be dis
cussed later under the caption "Handling and Transportation of
Ore and Waste."

The methods of driving sublevel or sill drifts a short distance above
the haulage levels are similar to those employed in driving main
level headings. TIley are often, but not necessarily, smaller in cross
section, and, wIlen driven to connect a line of raises, direct slloveling
into raises or handliIlg of broken ore and rock for short distances
in wheelbarrows may be employed. Types of rounds similar to those
already described are used.

RAISES

Raises are driven in stope development for ore passes from the
stopes to the loading chutes, to provide manways for entrance to the
stopes, for handling timber and supplies into and from the stopes,
for ventilation, for introduction of waste filling, as bases from which
to start stoping, and for installation of air and drilling-water lines
and electric cables. In flat-dipping seams they may be laid with
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track for handling ore, timber, and supplies in cars or skips, and in
some illstances may actually constitute part of the general mine
development.

They may be single-compartment or divided into two or more
compartments, depending on their use. Likewise, the function of
the raise will determine to a considerable extent its size and shape.
The nature of the ground, the inclination, and the use to which it is
to be put will determine whether or not it must be timbered.

Single-compartment raises sometimes are driven for ore passes or
for prospecting purposes, but two-compartment raises in which one
compartment serves as an ore pass and the other as a manway are
more generally employed. If ore hangs up in a long single-compart
ment rfLise, great difficulty and danger often are experienced in clear
ing it; whereas, if there are two compartments, the trouble can be
attacked from the manway at the point where the hang-up occurs
by making an opening in the side. In some mines, described later,
three-compartment raises are standard for certain purposes.

Raise timbering may consist of stulls, cribbing, sets constructed
similarly to shaft sets, or square sets with lagging and lining between
the cOIIlpartments as required.

In starting a raise, it is customary to carry it up several rounds
before installing chutes or permanent timber if th_e ground will
stand, to avoid damage to the timber from blasting and to keep
the top of the timbered section some distance below the face as the
raise is advanced upward. On the other hand, it is advantageous
in a tW'o-compartmellt raise to install the loading chute as soon as
possible to eliminate shoveling of the brolren rock.

Whether or not the raise is to be timbered, a temporary staging is
necessary in steep raises, from which to reach and drill the back, an.d
means of access thereto must be provided. If the raise inclination
is less than about 55° or 60°, the miners can walk up on the footwall,
with the aid of a rope, if necessary. For steeper inclinations, chain
or rope ladders often are employed, but it is usually best to install
the regular timbering with fixed ladders to within a short distance
of the back as the raise advances. In some localities the mining laws
require that raises steeper than 55° and more than a given maximum
length shall have at least two compartments and shall have a ladder
way equipped with suitable ladders.6 Such regulations usually
specify the maximum allowable distance from the top of the last
timber to the face. To avoid damage to the timbers from blasting,
the ore pass or chute compartment is usually kept nearly full of
broken ore, and a bulkhead (fig. 62, A) is constructed over the man
way or it is covered with pieces of short timber before blastillg (fig.
62, B).

Figure 63 shows two- and three-compartment stull raises, figure
64 a two-compartment cribbed raise, and figure 65 a two-compart
ment square-set raise.

The type ·of drill rounds employed in drilling raises are in principle
the same as those used in drifts, crosscuts, and shafts. Thus, center
V-cut, side-V or draw cut, and burnt-cut rounds are all employed.
The pyramid-type cut is sometimes used in large raises. Figure 66
illustrates typical raise rounds. At A there is shown a stoper drill

6 Handbook of Regulations Governing the Operation of Mines: Part VIII and Sections 178, 179, and 180
of Part IX of the Mining Act of Ontario, 1930, p. 39.
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A B
FIGURE 62.-A, Manway protected by bulkhead. B, rrimbered raise, manway protected by timber prior

to blasting.
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b , .....
Broken

rock

(b) )-toq>artln8nl $lull raise

Plan

Side elevat Ion

FIGURE 63.-Stulled raises.

9'0"

(a) 2-comparlment stull ral$8
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set up on staging in an inclined raise. It is apparent that in small
square or short rectangular raises, pyramid or center V cuts are
difficult to drill becausB the foot of tIle stoper leg or the back end of
a jackhammer or drifter-type nlachille cannot be swung back far
enough to give the required inclination to the holes. The burnt
cut (fig. 66, B) has an advantage in this respect in sInall square raises
because the 1101es are drilled straigllt in, normal to the face. In
a rectangular raise 7 feet or nlore in length, fairly deep V-cut rounds
may be drilled readily but cutting the V at one end (draw cut; fig.
66., 0). Figure 66, !J, shows a center V-cut round in a 5 by 7 foot
raIse.

ELEVATION AND SECTION

I-~-;o:_~ ~ 4'.0"-j;'~

~ 6"><6"><5'·0" 11
~ ~ ~

~.&.-....,----+-~E~~
PLAN

FIGUH,E 64.-Two-compartment cribbed raise.

Except in very hard ground, stoper machines usually are employed in
vertical or steeply inclined raises. III exceptionally hard ground heavy
drifter-type lnachilles mounted on a cross bar often are employed.

Raises, especially long ones, often are difficult to ventilate, and
unless sorne fOrlYl of forced ventilatioll is employed, considerable
time may be lost after blasting waiting for smoke to clear before the
miners can ascend to the face in safety. In the past, gassy raises
llave too frequently caused fatal accidents. In two-compartment
raises a fan pipe may be carried in the mallway if it is large enough
and a fan be employed to blow air to or exhaust gas from the face.
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Sometimes advantage may be taken of exploratory drill holes and
raises may be driven along them, a compressed-air ejector being
employed at the top of the hole on surface or on the level above to
draw out blasting fumes and provide ventilation. In some instances,
it may even pay to drill a long hole along the proposed course of the
raise for the sole purpose of providing ventilation. It is surprising

Sect ion

sl ide
~

Plan
FIGURE 65.-Raise timbered with square sets.

how much air can be drawn through even a IX- or 17~-inch hole in
a short time by this method, which has been employed successfully
at a number of mines. Figure 67 shows an ejector employed at the
Bussieres mine in Quebec 7 and the method of installing it on an
upper level. In this instance several raises were run simultaneously
on drill holes put down from the same drift and the ejectors dis
charged into a common ventilating pipe connected to an exhaust fan.
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COST OF DRIVING RAISES

161

Table 23 presents typical raising costs and includes data on the
sizes of raises, types of rounds employed, and methods of timbering.

D c
FIGURE 66.-Types of raise rounds (figures indicate order of firing). A, Stoper drill set up on staging.

B, Burnt cut. C, Draw cut. D, Center V cut.

The cost of raising increases with length or height of raise after
the first 50 feet or so, and when the work is done on contract a sliding
scale of rates usually is established, which provides one price for the
first 25 or 50 feet, the rates increasing by increments with increased
distances driven.

Table 24 gives costs of raising in terms of labor and unit-supply
consumption.

7 Jackson, Chas. F., Ventilating Raises and Stopes Through Boreholes: Eng. and Min. Jour., vol. 136,
No.6, June 1935, pp. 284-285.
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'Brass
locl<nuf

---PpemSl'riedm
casing of dIQ.,.,,,nd
c/rillhole

This air ejector is connected to the collar of
the diamom-drill hole at the 5JJ level

B
Cross section of drift Lo~itudinal projection

Gases pulled out of the 5X>-level wcrkings are ejected into this vent.llati~ pipe in the 364
drift, which pipe discharges into the shaft. This drawi~ shOois the way in which connection
'With the ventilati~ pipe is made. With normal air pressure of about es pound3 the suction
created rapidly reDlCJ\fes the gases from raise or stope

FIGURE 67.-Air ejector and method of installation at Bussieres mine, Quebec,



TABLE 23.-Typical raising costs

Costs per foot of raise

Haul-

Mine Nature or kind of rock Size of raise, I Inclination I Drill round Timbering I Direct Other age~

feet labor Explo- Tim- sup- hoist-
and sives ber plies ing, Total

super- and and
vision power miscel-

laneous

I

$2.541-;;1~;I~I=='~~Hanover-Bessemer, N. Iron ore (magnetite) and I 7 by 10__________ 55° to 70° ___ -------------- ------ -- -- 10 inch by 10 I
Mex., 1930. limestone. inch stuUs.

Teziutlan, 1v1 ex i co, Massive sulfide and meta- 5 by 8___________ -- -- ---- ------ -- -- ---------------- - - -- 8-inch by 8-inch 4. 40 1. 25 . 73 3. 54 $2. 71 12. 63
1930-31. morphosed sediments, stulls.

hard and firm.
Engels, Calif., 1930_____ Hard, tough diorite _______ 6 by 8___________ 60° plus _____ 14 to 18 holes, pyramid Stulls ___________ -------- ------ -- -------- -------- -------- 18.34

cut.
Eighty-Five, No. 1780 Quartz vein_______________ 5 by 9___________ -------------- - - -- -- -- -------- -------- _____ do __________ 8.60 2.97 .82 25.16 17.55

raise, N. Mex., 1930.
Elkoro, Nev., 193L ____ _____ do ____________________ Width of ore by 60° to 80° ____ - - -- - - - - -- - --- -- - - -- -- --

_____ do __________ 5.46 1. 07 1. 05 31.69 41.03 10.30
10 to 20.

Mt. Hope, N. J., 193L __ Iron ore and gneiss ________ 5 by 6___________ 45° to 65° ____ 22-hole, burnt cuL ____ None____________ 3.73 1. 42 .06 2.93 .26 8.40
Atlanta Idaho, 1934. Quartz-caldite vein in 3.5 by 7_________ 70° to 85° ____ 12 holes _______________ Framed sets_____ 4.50 (5) (5) (5) 67.57

Hollinger, Ont., 1934 7__
granite.

Quartz veins in schist; 5 by 6 to 6 by 7__ 45° to 50°____ Burnt cut, 15 to 18 - - -- ---- - - -- - ----- 6.11 1. 58 1. 50 89.19
hard. holes.

Ashley,OnL __________ Quartz vein in basaltic 5 by 10__________ 50° to 55°____ - - -- -- -- -- - --- -- - - -- -- -- - - -- -- - - -- -- -- - - -- 6.79 3.68 7.04 9 5.85 10 23.36
schist.

Eustis, Quebec 11 _______ 1 Sericite schist and pyrite 5 by 5___________ 60° plus _____ -------- ------ -- ---- ----
None___________ 3.08 3.30 .21 2.02 .40 9.01

ore.
Stulls ___________Pioneer, B. 0.12________ Quartz vein, greenstone, 4 by 14__________ 78° __________ 18-hole center V-cuL __ 5.94 3.06 .65 2.60 .50 12.75

diorite.

~

~
trj

d
trj

~
t"io
l-d
~
t;j

~
1-3

1 Haulage and hoisting apparently not included; direct costs only.
2 Includes $5.0.5 expense operating rock drills.
3 Includes $1.24 expense of operating rock drills.
, Includes outside expense $0.35, assaying $0.112 and general expense $0.565.
5 All supplies and power, $3.07.
6 Direct cost only.
7 Young, Arthur W., Mining [Hollinger Consolidated Gold Mines, Ltd.]: Canadian

Min. Jour., September 1935, p. 379.

8 Direct cost only, but includes compressed air, rock drills, and drill steel.
9 Includes rock drills, drill steel, pipes and fittings, boiler fuel, oil, gasoline, etc.
10 Includes blacksmithing, decking and surface tramming, teaming and trucking, and

ramp expense.
11 Snow, Fred W., and Brownbill, H. F., Mining Methods and Costs at the Eustis

Mine: Canadian Min. and Met. Bull. 286, February 1936, Transactions Sec., p. 8].
12 Fawley, Allen P., Mining Gold Ore at Pioneer: Canadian Min. and Met. Bull. 305,

September 1937, Transactions Sec., pp. 475-486.

I-o-l
~
~



TABLE 24.-Labor, supplies, and power per foot of raise ......
~I

~

~
~
I-j

~
~
H

Z'
H

Z
'T.J

~a
H
H
a
t.;j

Power,
kw.-br.

per
foot

None -' 21

N one 1_ - - - - - --
60 bd. fL _
None _
27 bd. fL _
27 bd. ft _____ _ - _

~~:e~~~t_-_~ ~=1= == =====

None -' 1200

6.0 lin. ft., , _
10.0 bd.
ft.

68.3 bd. fL __ • _
8.0 bd. fL ___ _ _
101.0 bd. fL _

195.0 bd. ft _
shaft sets.

60 bd. fL , _

-i9~2%d.-it===1 l:
26.2 bd. fL __ 1891

8.8

10.2
12.0
5.48

20.0

6.27

14.0
14.0
11. 8

13.6

13.67

8.61
6.1
6.0
7.0

12.0

6.01
4.32

1. 70 I 10.15
1. 70 16.53

Explo-
sives, I Timber per

I pounds foot----- per
foot

13.03

6.38
8.16
3.23
8. 45

14.83

6.56
2.10

Labor, man-hours per
foot

Direct Other Total
--------
4.4 -------- --------

6.83 -------- --------
8.35 -------- --------

19.45 15.34 34.79

12.3 16.6 18.9

5.51 22.72 8. 23

Drill roundInclinationSize of raise, feetNature or kind of rockMine

Montreal, Wis Slates and iron formation, me- 4 by 8 cribbed 65° 10 holes _
dium hard.

Do do 4 by 5 65° 4 holes _
Do Hematite ore, sofL 4 by 8 65° 10 holes _
Do do 4 by 5 65° 4 holes _

Eur~~~~_s_t~~~~~~_~~~~=== ~~r:t~~e,h~:3i~~~~f~nd--ir-on- _~_~:d~~~~~_~~~~==== _~~~_~o~~~======== ======================1
formation.

Old Dominion, Ariz Mostly vein matter 5 by 9 cribbed 35° to 90° _
Braden, Chile Andesite porphyry, medium 6.5 by 6.5 60° 16 holes _

hard.

5 by 5_____________ 55° to verticaL __ Burnt cuL _

6 by 8 60° Side V or draw -_
6 by 9 60° Center V _
5 by 8 ------------------ 1

5 by 6 45° to 50° Pyramid cuL _

Width of ore by 60° to 80° 1

10 to 20 feet.

Morning, Idaho_ --------- Quartzite, hard, swelling ground_ 5 by 10 1450 1 ---- --- -- ---- --1--------1--- --- -_1
3 11. 80

Champion, Mich_________ Brecciated basaltic lavas; hard_ _ 4 by 8_____________ 700 ______________ Burnt cut, 26 holes__ 6.6 1. 1 7.7
Black Rock, MonL Vein and granite; hard 8 by 14 VerticaL Side draw or V cut, -_ 315.1

15 to 18 holes.
Page, Idaho Quartzite, soft and loose 6 by 1L 40° to 60° Side draw, 16 holes__ 34.8

Burra-Burra, Tenn Massive sulfide, schist, gray-
wacke.

Spring Hill, MonL Hard and tough _
Do do _

Teziutlan, Mexico__ ______ Massive sulfide, metamorphosed
sediments, hard and firm.

Kirkland Lake Gold, Hard; syenite, porphyry, and
Ontario. lamprophyre.

Elkoro, Nev Quartz vein _

1 Includes hoisting. 2 Haulage, hoisting, and supervision. 8 Includes haulage, hoisting, and supervision.
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The principal steps in preparing a mine for ore extraction and the
unit costs of the various operations involved have been discussed
briefly. It has been pointed out that seldom, if ever, is a mine fully
explored and developed before stoping operations are begun, but that
exploration and development continue during stoping. Under most
conditions, to explore and develop a mine completely before begin
ning production would tie up too much capital for an unnecessarily
long tilne, and the maintenance cost of inactive workings usually would
be excessive.

To extend the productive life of a mine, new ore must be found and
developed to replace that mined. The development done before ore
extraction is begun must then be supplemented by continuing such
work throughout the active life of the mine. To maintain a uniform
rate of production over a period of years and· avoid wide variations in
production costs due to abnormal development charges, it is good
practice, where possible, to set aside a lump sum each year for explora
tion and development or to allocate so much per ton mined for that
purpose. If the tonnage to be mined and the cost of finding and de
veloping an equal tonnage could be known in advance, the amount
necessary to be allocated to maintain the ore-reserve position. could be
determined accurately. Since this is rarely possible, the operator
must rely largely on estimates based upon past experience.

In n.umerous instances in well-established, long-life mines, ore re
serves and rate of production have been maintained with a fairly uni
form development-cost-per-ton charge over a number of years. This
is simplified, of course, where the ore bodies are large and persistent.
It becomes increasingly difficult where ore bodies are irregular, dis
connected, and lack persistence; in such instances, wide fluctuations
in development costs can scarcely be avoided.

COST OF MINE DEVELOPMENT

Table 25 presents typi~al costs of current mine development per ton
of ore produced at a number of producing mines.

Attention is called especially to data on the Lamaque mine in
Quebec, wllich show high costs incurred during the early life of a gold
mine, where the desire to accumulate enough ore reserves to warrant
considerable expansion of mill capacity resulted in an abnormally large
amount of development work relative to current production. During
the first year production was principally of ore from development
headings and shaft sinking progressed at the same time.

Major development programs involving the sinking of large shafts
or extensive lateral development naturally will be reflected strongly in
the development costs per ton of ore produced unless, as is often done,
development is carried as a deferred account to be charged off at so
much per ton or so much per year over the life of the mine or over a
considerable period of time. On th.e other hand, many operators pre
fer to charge off major development expenditures as they accrue, and
although this may result in widely fluctuating production costs as they
appear on the books, it at least has the advantage of insuring that
development charges will be wiped out before the ore reserves are
exhausted.
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Cost of ex-Tons ore I ploration
mined and de-
during velopment
year 1 per ton

mined
---

1,437,935 $0.130
1,364,456 .181

3,670,910 .061 ~
3,836,440 .297 t;j

3,924,460 .256 H
>57,539 1. 298 t'-l732,528 .518 I

~
H

396,200 I 1. 180 Z
474,500 1. 040 H

474,700 .930 Z
383,958 .865 Q
364,299 .497

'r-d
83,847 24.710 r;d

201,356 32.360 >
0698,624 41.403 H

1,900,490 .798 H

0
557,104 .655 t;j

220.430 1. 072

104,381 .728
43.806 1. 427

Stoping methodHow developedType of ore deposit

_ d6_~i_~~=============== == == ====== ==1_~~~~~~~ _s_~~~t_s_-~~====================== 1_ ~~~i~~_~~~~ _C_~~~I~~~ ~~~~~~ _s_e_t~~~~_-~== ==I

Stringer lodes in wide shear zone------1 Adit 1 Modified shrinkag~ and forced caving_

~fd1~~~~8in:andeslte ~.: ~:••••• ~:: :~~:~L:ds~~i;-~~~.:••••••••:•••:•••••:-:~~1~~~~i;lIc;1~-a~~:~~~-.:::.:•••••::::-I

TABLE 25.-TYP1·cal costs of current exploraiion and development per ton of are produced

A. GOLD MINES

Mine and year

Flat lenses in granodiorite___ __ _ Shafts_ _____________ __ _____ _____ __ Open stope ----------------- __ I
_do___ _ _ . do .__ do _

Two main \'eins ;~oo ft. aparL Vertical shafts, levels 150 fL Shrinkage and cut-and-fiIL _
Numerous ycins and lenses in wide Vertical s}1flfts, levels 125 and 150 feet_ Cut-and-tlll, some shrinkage _

shear zone.
McIntyre, Ontario. 193L 1 do - --------------- Vertic~d shafts, levels 100 or 12.1 feeL do _
Wrigh t-ll argrea ves, Ontario, Several veins in pOfl)hyry _ ___ __ Vertical shafts, levels 125 feet ___ Shrinkage and stulled stopes _

1930.
Vipond, Ontario, 1930 _ Veins in sheared basaltic schi:;;ts_____ __ Vertical shaft~, levels 100-133 feeL_ __ __ Shrinkage _
Oortez (silver), Nev., 1929 Dikes, bedding planes, and fissures Adits and inclined shaft _ __ do _

Homestake, S. Dak.:
1929 _
1930 _

Alaska-Juneau, Alaska:
1928 _
1929 _
1930 _

Elkoro, Nev., 1929 _
United Eastern, Ariz., Jan. 1917

to May 1925.
Teck-Hughes, Ontario.

1931 1 Vein in porphyry and lamprOPhyre 1 Vertical shafts, levels 125 feeL 1 Shrinkage _
1933 . _____________________ _ do _________________________________ _ do ___________________ ______________ _ do _

m! :.•-•• ::::::::::::::::::: _::: ~L:::::::::::::::: ::::::::::: :::JL::::::::::::::::::::::::::::: ~L:::::::: ::::::::::::::::::::
Lamaque, Quebec.

1935_
1936 . _

Lake Shore. Ontario: 1931. _
Hollinger, Ontario,5 Hl34 _

B. LEAD AND ZINC AND LEAD-SILVER MINES

_
No.8, Southeast Missouri, 1928__ 1 Irregular, £I_at, bedded deposits _
JVlascot No.2, Tenn., 1929 Large, irregular bedded deposits, dip

18° to 22°.
Page; Idaho, 1928 ---- ------- _I rrwo fissure veins in shear zone; dip

40° to flO°.
Morning, Idaho, 1928 Large, persistent fissure _

Vertical shafts______________ __ Open stopes _
Vertical shaft and inclined winzes, Open stopes. Underhand mill holes,

level interval 50 to 75 feet. heading-and-bench.
Inclined shaft, level inten',1l :300 ft- .___ Square sets

Adit and shaft, level interval 200 fL Stringer-set and UiL 1

H38.089
528. ~26

90,460

27ti, 890

$0.045
.053

1. 170

.442



C. COPPER MINES

See footnotes at end of table.

312,942 .638

180,208 2.086

192.250 .828

578,658 .859

121,848 .736

316,840 .748
424,363 .503
441,094 .269

473,292 $0.229 ~
108,519 .355 ~

~
303.301 .479 t;j

364,746 .711 0
t;j

262,278 .561 ~
t;j

835,036 .399
~
0

mined, ~
696,994 ~hoisted t;j
193,597 .490

~

263,094 .736 1-3

275,212 .611

120,000 .303

3,243,159 .1036
560,000 .146

4,879,646 .211
5,174,017 .046

~

~
'-1

Large open stopes _

Cut-and-fill, some .square-set and
shrinkage.

Shafts, level interval 196 ft_ __ Sublevel stoping, open stopes _
Shaft, level interval 100 fL Open underhand stopes _

Adits and shafts. Level intervals 100 Shrinkage _
to 200 feet.

Shaft, level interval usually 100 ft., Cut-and-fill _
two 130 ft.

Shafts,levelinterval100feeL Cut-and-fill; square-set; shrinkage _

Lode 6 to 50 ft. wide, dip 70° ____ Shafts, level interval 100 ft. on dip_____ Cut-and-filL _

Vein, dip 45° to 80°. Up to 20 or 30 ft. Shafts, levels 250 to 300 fL_____ Cut-and-fill and square sets _
wide.

Pipelike mass tapering downward___ __ Shafts and main tunnel, levels 100 fL__ Square sets _

Large "porphyry" type deposiL Shafts and adit levels at 192 and 461 Block caving _
ft. below adit.

Large bodies of mineralized schisL __ __ Shafts. Level interval 150 fL 0 do _
_____ do do do _

Large "porphyry" type deposiL Shafts, levels at 400, 600, and 850 feeL do _
Large crescent-shaped "porphyry" Adits do __- _

deposit.

EI Potosi, Mexico:
1926 1 Irregular replacements in limestone; 1 Shafts, levels 165 feet

1

both pipe and tabular forms.

~~1-::::::::::::::::::::::::: :::JL:::::::::::::::::::::::::::::: :::JL:::::::::::::::::::::::::::::: :::JL::::::::::::::::::::::::::::::

Burra-Burra, Tenn., 1928 Wide vein; dip 75° to 35° _
Mary, Tenn., 1928 Irregular, replacement of folded beds,

dip 65°.
Engels, Calif., 1928_______________ Shear zones in diorite; dip 80°; main

body 100 by 830 ft. maximum.
Matahambre, Cuba, 1928_ _ Irregular, lenticular pipes, dip 40° to

45°.
Colorada (Cananea), Mexico, 6 Irregular, large ore bodies in a pipe _

mo., 1929.
Pilares, Mexico, 1929 Vertical, tabular ore bodies and irreg- 1-----do

1
ular masses.

Champion, Mich., 5 mo. ended
Dec. 31, 1930.

Magma, Ariz., 1928 1

United Verde Extension, Ariz.,
1928.

Morenci, Ariz., 1929. Estimated
for 120,000-ton block _

Ray, Ariz., 1928 _
Estimated for 560,000 ton

block.
Inspiration, Ariz., 1928 _
Teniente (Braden), Chile, 1928 __

Hecla and Star, Idaho, 1928 1 Several ore .bodies in shear zone; dip Adit and deep'shaft, level interval 300 j dO

1

70° to 80°. ft.
Silver King Coalition, Utah, 1929_ Large, irregular, bedded deposits in Adits, main shaft, and five auxiliary Square sets _

limestone; some veins in quartzite. underground shafts, 200-ft. levels.
~ Park-Utah, Utah, 1928 Fissure veins. Ore shoots 3 to 80 ft. Adit and shafts. Level interval 200 fLI Square sets; some cut-and-fiIL _
f-l wide, dip 40° to 55°.8 Pecos, N. Mex., 1927-29 Irregular lenses in shear zone Two adits and 2 shafts, level interval Cut-and-fill, and square seL _
~ 100 ft.

(
~

r
f-l
t-:>



TABLE 25.-Typical costs of current exploration and development per ton of ore produced-Continued
C. COPPER MINES-Continued

~

OJ
00

Mine and year Type of ore deposit How developed Stoping method

Tons ore
mined
during

year

Cost of ex
ploration
and de

velopment
per ton
mined

D. IRON MINES

Mia~i,~;[Z~,i~~t.-1,-1925,- to -Sept: 1-Large "porphyry;'- type (fe-posfts-_-~ ==== '-Shafts===== ================== ====== == ==
30,1929.

Britannia, B. C.:
A. East Bluff, 12-month I Wide bodies in shear zone dipping 65°_I Aditsandshafts

1
period.

B. Fairview _-- -- -- -- ------ __ 1__ -- -- -- -------- ------ -- ---------- __ -- __ 1 ---- __ - ------------------------- - - --I

Undercutting and breaking down by 398,664 $0.080
large blasts in subdrifts.

Undercutting and breaking down by 1,268,234 .008
~large blasts in subdrifts and glory

hole. t;rj
Square set____________________________ 133, 195 .131 H
Block caving__________________________ 16.556,296 .100 >

t'"1
I
~
~
H

~
H

Open stopes and pillars________________ 692,726 $0.103 ~
C1_do_ .. _______________________________ 420,000 .218
roo

Sublevel (open) stoping and top 360,000 .251 ~
slicing. >

Sublevel (open) stoping ______________ 200,000 .211 0
H

Shrinkage with pillars_________________ 117,224 .237
H

0
t;j

Top slicing ____________________________ 555,919 6.05

Sublevel caving _______________________ 401,680 .31

.___ do __ . _____________________________ 450,000 .19

Suhlevel and overhand open stoping. _ 630,000 .36
Shrinkage. ____________________________ 176,474 7.40

Vertical shafts and numerous auxili
ary inclines.

Vertical shafts, level interval 40 to 50
ft., not all connected to shaft.

Vertical shafts. Levels at 200 to 250-
ft. intervals.

Vertical shaft. Levels at 200-, 300-,
400-, 950-, and 1,200-ft. depths.

Vertical shafts. Level interval 100
feet.

_____ do ._

Mineville, N. Y., 1927 1 Beds 3 to 40 ft. thick, dipping 20° to
30°.

Large, irregular masses of hard specu
lar hematite.

Many lenticular masses, sheets, and
chimneys of soft ore.

Large, irregular, steeply dipping
masses.

Lens of semihard ore, 10 to 60 ft.
thick, dip 45° .

Large, irregular trough ore body up
to 100 ft. thick.

Irregular bodies in pitching troughs, Vertical shafts. Level interval 200
steep dip to fiat. feet.

Montreal, \Vis., 1928 1 Irregular bodies in pitching troughs; Vertical and inclined shafts. Level
steep dip to fiat; large ore bodies. interval, 200 feet on dip (65°).

Do ___________________________ _ do _________________________________ _ do .. ____
Mt. Hope,N.J------------------ 3 large beds dipping 60° to900 Inclined shaft. Level interval 160 to

260 feet.

Mine No.1, Marquette range,
Mich., 1928.

Mine No.2, Marquette range,
Mich., 1928.

Mine No.1, Menominee range,
Mich., 1928.

Mine No.4, Marquette range,
Mich., 1929.

Mine No.5, Marquette range,
Mich., 1929.

Eureka-Asteroid, Mich., 1929

lOre mined from iron mines is given in long tons (2,240 pounds).
2 Just entering production; development cost abnormally high.
3 Developing ore at much faster rate than extraction.
4 Includes shaft sinking, 1,080 feet; drifting, 11,203 feet; crosscutting, 4,330 feet; raising,

13,8'78 feet; shaft raising, 304 feet; ore passes, 3,783 feet; winze, 795 feet; and station cutting,
121,891 cubic feet.

6 Young, Arthur W., Mining [Hollinger Consolidated Gold Mines, Ltd.]: Canadian
Min. Jour., September 1935, p. 398.

6 Sublevel development apparently charged to stoping and not included.
7 Incline development, $0.104; stope development, $0.298.
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For the purpose of this discussion, "transportation" signifies the
operations involved in transporting ore and waste from the face or
stope where it is broken to the surface but not the handling of tIle ore
within the stopes, which will be discussed under Stoping. It therefore
includes loading cars from chutes on the haulage and intermediate
levels, hand-tramming, animal and locomotive haulage, scraper and
conveyor-belt transportation, operation of main transfer raises between
levels, dumping into shaft pockets, the operation of skip-loading
devices, the caging of cars, and hoisting the ore in buckets, cages, and
skips.

Transportation facilities of some sort must be provided when under
ground work is begun. These mayor may not be retained as mine
development expands and ore production begins, but they are likely to
prove inadequate after the mine comes into part or full production.
Thus, hand tramming and hoisting in buckets or in small cars on
cages may serve when tramming distances are short and the amount
of ore and rock to be handled is small, while large cars, locomotive
haulage, and hoisting in skips may be required for economical trans
portation once the mine hits its production stride.

The distances material must be hauled and the amount to be
handled are of first importance in deciding upon the method of trans
portation and the kind of equipment to be used. Facilities for han
dling ore and waste between the stopes and the haulage levels will vary
with the stoping method employed as well as with the amount of ore
and waste to be handled.

In an earlier Bureau of Mines publication 8 it was pointed out that
the cost of underground transportation constitutes a considerable
percentage of the total mining cost in most mines, and in some mines
may even exceed the cost of stoping. At 19 open-stope mines, trans
portation averaged 26.3 percent of the total underground cost; at 19
mines employing shrinkage stoping, 22.65 percent; at 3 mines employ
ing block caving, 21.03 percent; at 8 mines employing square-set
stoping, 12.77 percent; and at 4 mines employing cut-and-fill stoping,
12.9 percent. The average haulage and hoisting costs for these groups
ranged from $0.1135 to $0.4025 per ton of ore mined, and the range
for 47 individual mines was from $0.086 to $1.848. Elsing 9 has tabu
lated transportation costs at 66 mines, which show averages by groups
ranging from $0.120 per ton mined to $0.556. It is therefore apparent
that underground transportation merits the careful attention of the
operating staff.

TRAMMING AND HAULING

HAND TRAMMING

Hand tramming is still widely used in small mines, in prospecting
operations, and as an adjunct to mechanical haulage systems. For
tramming small tonnages of rock and ore short distances on the main
levels, for short transfers on sublevels, and in some types of stopes it is
the obvious method to employ, although, if power is available, scrapers

8 Jackson, Ohas. F., Some Notes on Underground Transportation in Metal Mines: Bureau of Mines
Inf. Oirc. 6326, 1930,40 pp.

9 Elsing, Morris J., Oost of Mine Transportation; Eng. and Min. Jour., vol. 134, No.3, March 1933, p.
101. .
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may be more economical for some of these purposes and small storago
battery locomotives for others, provided the tonnage to be handled
warrants the capital outlay involved.

Hand tramming requires a minimum capital investment for equip
ment and for this reason, among others, is particularly adapted to
prospects and small-scale operations such as tllose conducted by many
,'leasers" (lessees).

Small cars of 12-, 16-, or 20-cubic-foot capacity are usually employed,
the 16- and 20-cubic-foot sizes being the most popular, although ears
holding 2 to 2% tons sometimes are used. In the Tri-State lead and zinc
district, "cans'" of 1,200 to 1,400 pounds capacity were used almost
exclusively for many years, but more recently these have been super
seded by cars in some of the mines. The cans are buckets that are
run to the face on a flat truck and, after they have been loaded, are
returlled to the shaft and hoisted directly to the surface.

Cars are usually of either the end- or side-dumping type, with the
end or one side, as the case may be, forming a swinging door sus
pended from a rod at the top of the car and latched at the bottom. In
the end-dump type the car body or box often is mounted on a turn
table on top of the truck frame, so that the car may be turned for
dumping into a chute at either side of the track. •

Car bodies and truck frames may be of either wood or steel construc
tion, though few wood cars have been employed in recent years. One
advantage of the wood-box car is that if a board becomes broken it can
readily be removed and replaced, whereas a damaged steel box
requires considerable work in the shop.

For tramming ore and filling material in cut-and-fill stopes, a car
with a scoop-shaped box open at the front end may be used
to advantage.

Tracks for hand tramming usually are laid with light rail (,veighing
8, 12, or 16 pounds per yard) on wood ties. The heavier rails are
preferable if they are to be used for an appreciable time, since once
they are well-laid they are less likely to become bent and out of
alinement and thus will require less attention.

Track grades for most efficient hand tramming should be consider
ably steeper than for locomotive haulage. The ideal grade would
probably be that on which the effort required to push a loaded car
downgrade would equal that required to push the empty car up,
although some prefer a somewhat steeper grade, so that the loaded
car, when once started, will almost if not quite run by itself. The
exact grade requiring a minimum of effort will vary with the size and
weight of the car and the load carried, the type of bearings, lubrication,
and the general condition of the equipment and trnck. Ordina.rily,
grades of 1 to 1~~ percent in favor of the loaded cars will be found
satisfactory for hand tramming.

ANIMAL HAULAGE

Mules and horses continue to be employed for underground haul
age, though much less extensively than formerly. The growing avail
ability of electric power, the introduction of Diesel generating plants
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in sizes and of capacities to suit almost any condition, and the develop
ment of small storage-battery and trolley locomotives have favored
the substitution of mechanical for animal haulage.

Animals are useful for gathering loaded cars from the loading faces
to a siding on the main haulageway and returning the empties, par
ticularly if large cars are employed or there are unavoidable grades
to be negotiated that are too difficult for hand tramming but not steep
enough for rope haulage. Cars may be handled one at a time or be
made up into trains of two, three, or more, depending on conditions.

As a rule, mules are preferred to horses for underground work, and
for heavy work anirnals weighing around 1,200 pounds are more satis
factory than smaller ones, provided there is enough head room.
Smaller animals, of course, must be employed where head room is low
or larger ones cannot be taken down the shaft. A cage compartment
usually will accommodate a gOO-pound mule.

According to van Barneveld,lO the economical limit of mule haul
age is between 1,000 and 1,500 feet, and a mule should work at a
speed not to exceed 5 miles per hour when taking a loaded train down
a grade that needs only tractive effort to start, or 2 to 3 miles per hour
when pulling a heavy load.

Van Barneveld cites data presented by Boericke 11 regarding track
grades and ton-miles per mule, as follows:

Length of grade, feet

55
35
88
34
31

130

Grade, percent

6.6
15.0
8.7

12.8
14.3
7.0

Number of cars 1 pulled by one
mule

2
1
2
1
1

1 or 2
J16.5-cubic-foot cars, roller bearings, weighi.ng 800 pounds, with net load of 1,500 pounds.

The following table from Boericl(e's article indicates performance
of mules under different conditions:

TON-MILES OBTAINED UNDER VARYING CONDITIONS

A. Grades against the load. Maximum, 300 feet, 3 percent. Sharp curves.
No brakes on empties. Return trip at 5-mile trot.

B. Long haul. Gathering mules hauled two cars to gathering station 1,000
feet from shaft over fair tracks; maximum grade against load, 1 percent. Eight
car train hauled from station to shaft. Too hard on mules; changed to gasoline
haulage.

C. Good conditions. Level track, good curves. Large mules hauled six-car
trains to shaft. Slow speed, 3~ miles an hour.

D. Good conditions. Track 1.5 percent in favor of load; straight track,
electrically lighted. Cars run down by own weight after starting; mule trots at
5 miles. Train of four cars had to be spragged at end of run. Limit on return
trip, four empty cars. Two mules haul 256 tons.

10 van Barneveld, Oharles E., Mechanical Underground Loading in Metal Mines: Univ. of Missouri
School of Mines and Metallurgy Bull., vol. 7, No.3, May 1924, pp. 38-40.

11 Boericke, W. F., Mule Haulage in Metal Mines: Eng. and Min. Jour., vol. 112, No. 22, Nov. 26, 1921,
pp. 853-855,
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c
Average tons trammed per

shlit _
Average tram distance __ feet __
Number of mules _
Tons of ore per mule _
Miles traveled per mule _
Ton-miles per mule _
Cost per ton cents __
Cost per ton-mile do _

B

Average tons trammed per
shift _

Average tram distance__ feet __
Number of mules _
Tons of ore per mule _
Miles covered per mule _
Ton-miles per mule _
Cost per ton cents __
Cost per ton-mile do - _

180
1, 450

4
45
12.5
12.5

7. 9
30

288
2, 613

9
32
15.8
15.8
10.9
22.4

Average tons trammed per
shlit _

Average tram distance__ feet __
Number of mules _
Miles traveled per mule _
Ton-miles per mule _
Tons of ore per mule _
Cost per ton cents __
Cost per ton-mile do _

D

Average tons trammed per
shlit _

Tram distance feet __
Number of mules _
Tons of ore per mule _
Miles traveled per mule _
Ton-miles per mule - -'- __
Cost per ton cents __
Cost per ton-mile do _

400
2, 006

3
8. 5

26
64
5.2

14.0

256
1, 483

2
128

18. 1
36.3

2. 8
10. 1

MECHANICAL HAULAGE

In considering mechanical vs. hand or animal haulage in a mine or
section of a mine, a factor that always must be considered is the duty
to be perforlned. If there are no other mitigating conditions, it is a
good general rule that for a locomotive (or any type of machine) to
pay for itself it must be kept busy; in other words, idle machines pay
no dividends. When mechanical haulage units ca.n be kept busy they
will usually show a saving in operating costs as compared to hand or
animal tramming.

Although a single example cannot reasonably be taken as a basis
for broad generalization, the following,13 where the conditions were
admittedly rather exceptional, is cited as being of interest in this
connection:

The output was 400 tons per day on two shifts; 300 tons of which
came from three or four loading chutes. The maximum haul was
750 feet and the average 500 feet. Although the track was good and
the grade favorable, 8 men on each of two shifts, 16 in all, using I-ton
cars, were required to load, tram, and dump the ore, thus averaging
25 tons per man-shift. A storage-battery locomotive and 3-ton
Granby-type cars were placed in service, the loading chutes were
widened, and ore-storage capacity was provided, after which three
men could handle 300 tons from the chutes together with some ore
from development headings in 27~ hours, or an average of more than
100 tons per man in one-third of a shift. Hand-tramming costs were
22 cents and locomotive-haulage costs 5.2 cents per ton, including
labor and power but not maintenance or depreciation.

Mechanical haulage in metal mines is of four general types: (1)
Locomotive, (2) scraper or slusher, (3) rope, and (4) belt conveyor.

Locomotives for underground use are powered by electric, com
pressed-air, or, rarely, gasoline motors. Diesel locomotives have been
used extensively in Europe, but have not been adopted in the United

12 van Barneveld, Charles E., Work cited in footnote 10 (p. 171).
13 Jackson, Ohas. F., Some Notes on Underground Transportation in Metal Mines: Bureau of Mines

Inf. Oirc. 6326, 1930. pp. 8-9,
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States. Studies are now in progress on how to adapt American Diesel
locomotives to underground use and to determine conditions under
which they may be employed with safety. Gasoline motors should
never be employed for underground work because of the hazard from
exhaust fumes.

Electric locomotives are either of the trolley or storage-battery
type, and each has its particular field. For long hauls and heavy
trains the trolley type usually has a decided advantage, whereas for
shorter hauls, such as in gathering service from a nurobeI' of loading
points to a main haulageway, the storage-battery type may be pre
ferred. Small storage-battery locomotives of the "trammer" type
that can be run on the mine cage and transferred quickly from one
level to another have found wide favor where the mine output is
small and comes from scattered areas and several horizons in the mine.
For heavy duty, storage-battery locomotives have insufficient ampere
hour capacity for long service without frequent recharging, and spare
batteries may have to be supplied for each locomotive. Where haul
age is confined to one shift, the batteries may be charged on the oppo
site shift. When charging can be done between shifts or at times when
the total min.e load is light, storage-battery locomotives may have an
advantage over trolley locomotives in keeping down power peaks.

Oable-reel trolley locomotives are sometimes used for gathering in
short headings tributary to the main haulageways, where it does not
pay to install trolley ,vireo

Oompressed-air locomotives have not been employed widely in
metal mines but have certain obvious advantages in gassy coal mines.
Their over-all efficiency, including that of the compressor unit, is
low, and the cost of power for their operation is high. In some in
stances they have been installed in preference to trolley locomotives
because of the hazard of exposed trolley wires, particularly at loading
chutes. They receive air at high pressures (600 to 850 pounds or
more), which necessitates the installation of high-pressure compres
sors, receivers, air mains, and charging equipment at high initial cost
and requires careful attention to prevent leakages and attendant
loss of power.

Although the scraper as employed underground is ordinarily con
sidered to be a mucking and loading machine, it is also a conveying
machine and in some instances is used to transport ore and rock
several hundred feet. It is then an auxiliary part of the transport
system for moving ore from the face to a chute or mine cars or for
transferring ore from a series of stope raises, through a sublevel drift,
to an ore pass.

The term "rope haulage" is used here to mean the use of hoists for
pulling cars on grades or flat slopes where the grade is too steep for
locomotives or the method in general use in the mine.

Oonveyor systems have come into common use in coal mines during
the past decade. As this is written, belt conveyors are beginning to
make their appearance in metal mines as a part of the underground
transportation system, and an increasing number probably will be
installed during th~ next few years.

LOCOMOTIVE HAULAGE

It is not within the scope of this bulletin to discuss the mechanical
design and construction of locomotives or other types of mine equip-
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ment; these are described in the catalogs and handbooks of the manu
facturers. However, the broad question of application of different
types of equipment to different mining conditions and uses, the results
obt~ined, and costs of operation are within the province of the mining
engIneer.

In selectiIlg a locomotive, its weight and horsepower lllust be pro
portioned to suit load, track grades and curvatures, condition of
tracks, and type of bearings employed on the cars.

According to yan Barneveld,14 the draw-bar pull of a locomotive is
usually taken as 25 percent of its weight, and the trailing load it \vill
pull is 15 or 16 times its weight when on level, straight track. vV"hen
the train is running on an adverse grade, the draw-bar pull and con
sequently the load that can be pulled a.re reduced sharply, as shown
in table 26. When roller-bearing cars or cars equipped \vith railroad
type journals are used, and with well laid and maintained tracks, a
grade of about 0.25 percent in favor of the loads usually is advocated
for motor haulage, although in many lllines grades of 0.50 percent are
standard. Under less ideal conditions, grades of 0.5 percent may be
found desirable. Table 27 gives data on actual performance of mine
locomotives.

The proper weight of rail to use will depend on a number of factors,
including the weight of locomotives, cars, and loads, speed of opera
tion, and length of time the haulageway is expected to remain in
service. From the standpoint of operating cost and Inailltenallce,
the heavier rails are preferred, although the first cost obviously will
be greater. Light locomotives weighing 17~ or 2 tons SOlllctilnes are
run on 16-pound track. Thirty-pound rail was standard in lTIany
mines for haulage with 3X-ton locomotives; with larger equiplnent,
40-, 50-, or 60-pound rail is employed quite commonly. Table 28
presents track data taken from actual practice and covers hand-tram
ming, mule-haulage, and motor-haulage operations.

TABLE 26.-Locomotive weights, trainloads, and grades

Grade, Weight of locomotive,
1

I Iper- tons _________________ 1~ 2 2~ 3 3~ 4 4~ 5 6 7 8 9 10
cent

---- ---- --~------------------

0 Draw-bar pull, in
pounds, on level . _. __ 750 ],000 1,2.10 1,500 1,750 2,000 2,250 2,500 3,000 3,500 4,000 4,500 5,000

0 Gross trainload ___tons. _ 25.0 33.3 41. G 50.0 58.3 66.6 75.0 83.3 100.0 117.0 133.0 150.0 167.
Trailing load ____. __<lo. __ 23.5 31. 3 39.1 47.0 54.8 62.6 70.5 78.3 94.0 110.0 125.0 141.0 157.

I Gross trainload ___d(L_ 15.0 20.0 25.0 30.0 35.0 40.0 4,1.0 50.0 60.0 70.0 80.0 90.0 100.0
Trailing load ______do_ 13.5 18.0 22.5 27.0 31. 5 36.0 40.5 45.0 54.0 63.0 72.0 81. 0 90.0

2 Gross trainload ____do_ ]0.7 14.3 17.9 21. 4 25.0 28.6 32.1 35.7 42.8 50.0 57.1 64.3 71. 4
Trailing load _____ .do___ 9.2 12.3 15.4 18.4 21. 5 24.6 27.6 30.7 36.8 43.0 49.1 55.3 61. 4

3 Gross trainload ____do_ 8.3 11.1 13.9 16.7 19.5 22.2 25.0 27.8 33.3 38.9 44.4 50.0 .55.5
Trailing load ______do. 6.8 9.1 11. 4 13.7 16.0 18.2 20.5 22.8 27.3 31. 9 36.4 41. 0 45.5

4 Gross trainload ____do____ 6.8 9.1 11.4 13.7 16.0 18.2 20.5 22.8 27.3 31. 9 36.4 41. 0 -1."'1.5
Trailing load ______do___ 5.3 7.1 8.9 10.6 12.4 14.2 16.0 17.7 21. 3 24. 9 28.4 32.0 3.~. Fj

5 Gross trainload ____do___ 5.7 7.7 9.6 11. 5 13.5 15.4 17.3 19.2 23.1 26.9 30.8 34.6 38.5
Trailing load ______do. __ 4.2 5.7 7.1 8.5 10.0 11. 4 12.8 14.2 17.1 19.9 22.8 35.6 28.5

6 Gross trainload ____do___ 5.0 6.6 8.3 10.0 11. 6 ]3.3 1.1).0 16.6 20.0 23.3 26.6 30.0 33. :3
Trailing load ______do___ 3.5 4.6 5.8 7.0 8.1 9.3 10.5 11. 6 14.0 16.3 18.6 21. 0 23.3

7 Gross trainload ____do___ 4.4 5.9 7.3 8.8 10.3 11. 7 13.2 14.7 17.6 20.6 23.5 26.5 29.4
Trailing load ______do___ 2.9 3.9 4.8 5.8 6.7 7.7 8.7 9.7 11. 6 13.6 15.5 17..5 19.5

8 Gross trainload ____do___ 4.0 5.2 6.6 7.9 9.2 10.5 11. 8 13.1 15.8 18.5 21. 0 23.7 26.3
Trailing load ______do___ 2.5 3.2 4.1 4.9 5.7 6.5 7.3 8.1 9.8 n.5 13.0 14.7 16.3

9 Gross trainload ____do___ 3.6 4.8 6.0 7.1 8.3 9.5 10.7 1.9 14.3 16.7 19.0 21. 4 23.8
Trailing load ______do___ 2.1 2.8 3.5 4.1 4.8 5.5 6.2 6.9 8.3 9.7 11. 0 12.4 13.8

10 Gross trainload ____do ___ 3.2 4.3 5.4 6.5 7.6 8.7 9.8 10.9 13.0 15.2 17.4 19.5 21. 7
Trailing load ______do___ 1.7 2.3 2.9! 3.5 4.1 4.7 5.3 5.9 7.0 8.2 9.4 10.5 11. 7

14 van Barneveld, Charles E., Work cited in footnote 10 (p. 171), p. 60.



TABLE 27.-Data on actual performance of mine locomotives

Reference,
Bureau of Mines
information cir
cular or other
p~blication

Weight, tons, and type of
locomotive

Rated draw-bar pull, in
pounds, and full-load speed,
miles per hour

Motors and batteries
Weight,
pounds

Cars

Load, pounds Number in
train

Average
haul, feet

Ore hauled
per loco
motive

shift, tons

~

~
~
w
r-o
o
~
H
>
H
Ho
~

o
b:j

o
~
>
~
t.i

~
>w
H
trj

21,300
11,800

100-150
100-150

800-1,000
300-400

4,000
3,300

4,170 1 _

1,200
1,200

3,000
2,300
1,7-00
6, 600 I - - - - - _- - _

6-8
6-8

8-14
20-25

15
20
30

5 or 6 I - _ I - -

16,000
12,000
20,000
11,000

5,000
2,000

2, 000 to 4, OOu
9,200
7,200
4,000

10,000
5,000

6107
1

_ - - - ------ -- 2 6-ton in tandem trolley- - {6-miles======================== ======== == ==== ==== ==============1-- --7;000-
CarmichaeI 3 3 6-ton in tandem 4 10,000 starting pull 2 3D-h. p. each locomotive______ 9,700
6138 5 6.5-ton trolley .:.___________________ 2 250-volt motors, Edison, A

cells.
6138 5_ _ _ _ 1.75 and 4-ton battery _
6145 6_ _ __ __ 1H-ton battery_. _
6160 7_ _ _ _ _ __ 4-ton trolley __________ __ ____________ ____ __ __ ____________ 2 motors _
6167 8____ 8-ton compressed air_____ __ 3,000 pounds . _
6168 \1 4-ton trolley 2,000 pounds, 5.0 miles 2 20-hp. motors _
6168 \1 do_ .. do . _
6169 10_ _ _ 8-ton trolley _____ __ ___ 2 motors _
6170 11 Hi-ton trolley 6,500 pounds, 15 miles 2 90-hp., 275-volt motors _

10
10-25

30 max., 14 on
2%% ad
verse grade
for 4,800 feet

6180 12 6.5-ton trolley __ . 3,250 pounds 2 39H-hp. 250-volt motors_ 4,000 10
6186 13 18-ton trolley______________ 20,000 44 10,000 _

~~~~ ~:============ ~:~=~~~ ~~li:~y~=========== ================================ -7S-cells======================== :~~~~_ ~: 6gg ~g ~~'_~~~_ ============6240 15____ __ __ __ _ _ 10-ton battery___ ______ ____ ____ __ __ __ ________ ____________________ ____ _ __ ________ 5, 000 8-10 2,000 _

i~~ :::::::::::::: -:~g1:~;:~;~:~i:~~~i~~~~i: :::::::::::::::::::::::::::::::: :~:~~~~!:=::::::::::::::::::::: ~:5 7,000 to ~:5 :t~ ~~~ X_~~
6247 16 1.5-ton battery .______________________________ 2,000 5-6 400 65-100
6260 18 . _ 3-ton battery . __ ____ __ __ __ __ ______ __ __ 2, 000 10 .. ___ 240
6260 18 7-ton battery______________ 12,000 10 _
6290 19__ 4-ton, 2 in tandem_________ 2,000 pounds_ _ 2 240-volt motors__ 3,450 9,000 20 10,000 1650±
6371 2o 4-ton trolley 2,600 pounds, 4.7 miles 2 motors_ 1,100 2,000 35 10,560 About 250

3-ton trolley 1,200 pounds, 5.2 miles .. do _

~gig :~============ i~5~f~ntb~¥:~Y~=========== ~0~g~~nds;4~5-miles========== _~_~~-~~~~~_t~~~================ ========== 8g: ggg ~~: ~gg 1, 2~~
6565 23 10-ton trolley 8 miles________________________ 10,000 15 max

See footnotes at end of table.
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TABLE 27.-Data on actual performance of mine locomotives-Continued

Reference,
~ureau o~ Mi~es I Weight, tons, a~d type of
mformatlOn Clr- locomotive
cular or other
publication

Rated draw-bar pull, in
pounds, and full-load speed,
miles per hour

Motors and batteries
Weight,
pounds

Cars

Load, pounds Number in
train

Ore hauled
Average I per loco
haul, feet motive

shift, tons

.....,.
-..:r
~

6565 23 _ -- _ __ _ _ _ 25-ton trolley 9,000 pounds, 7 miles _
6586 24 - l.5-ton battery 600 pounds, 4.5 miles ~ _
6661 25 __ .. _ _ _ __ _ _ _ _ 4.5-ton trolley _____________ _ _
6661 25 4-ton battery 84-cell Edison, 300 amp.-hr _
Bull. 306 26__ 13-ton trolley ___ ___ 6,500 pounds _
Bull. 306 26 3-ton trolley and battery__ 1,000 pounds, 6 to 8 miles Battery, 48 cells _

1 Mosier, McHenry, and Sherman, Gerald, Mining Practice at Morenci Branch,
Phelps Dodge Corporation, Morenci, Ariz.; Bureau of Mines Int. Circ. 6107, 1929, 33 pp.

2 Per tandem unit.
3 Oarmichael, Norman, and Kiddie, John, Development of Mine Transportation in

Olifton-Morenci District: Trans. Am. Inst. Min. and Met. Eng., vol. 70, 1924, pp. 826
855.

4 1 controller for 3 locomotives.
1I Eaton, Lucien, Method and Cost of Mining Hard Specular Hematite on the Mar

quette Range, Michigan: Bureau of Mines Inf. Circ. 6138,1929,14 pp.
6 Richert, G. I., Mining Methods at Minas de Matahambre, Pinar del Rio, Cuba:

Bureau of Mines In!. Circ. 614.~, 1929, 18 pp.
7 Poston, R. n., Method and Cost of Mining at No.8 Mine, St. Louis Smelting &

Refining Co., Southeast Missouri Distrirt: Bureau of Mines Inf. Circ. 6160, 1929, 22 pp.
g Thomas, R. W., Mining Practice at Ray Mines, Nevada Consolidated Copper Co.,

Ray, Ariz.: Bureau of Mines Inf. Circ. 6167, 1929, 27 pp.
9 Snow, F. W., Mining Methods and Costs at the Magma Mine, Superior, Ariz.:

Bureau of Mines In!. Cire. 6168, 1929, 32 pp.
10 Stoddard, A. C., Mining Practice and Methods at Inspiration Consolidated Copper

Co., Inspiration, Ariz.: Bureau of Mines In!. Cire. 6169, 1929, 23 pp.
11 Jackson, Chas. F., Methods of Mining Disseminated Lead Ore at a Mine in the

Southeast Missouri District: Bureau of Mines In!. Circ. 6170, 1929, 21 pp.
12 Eaton, Lucien, Mining Soft Hematite by Open Stopes at Mine No.1, Menominee

Range, Michigan: Bureau of Mines In!. Circ. 6180,1929,10 pp.
13 Bradley, P. R., Mining Methods and Costs, Alaska-Juneau Gold Mining Co.,

Juneau, Alasks: Bureau of Mines In!. Circ. 6186, 1929, 18 pp.
14 Wethered, C. E., and Coady, L. J., Mining Methods at the Morning Mine of the

Federal Mining & Smelting Co., Mullan, Idaho: Bureau of Mines In!. Circ. 6238, 1930,
13pp.

47,600 12111'600 max,I 4,OOO±
2,000 lH) 350 ____________
7,000 10-12 ____________ _ 580
3,500 8-12

14,000
2, 4, ~ 1-O-~er l~OOO-4,000 to 10,000

15 Gardner, E. D., Mining Practice at Harmony Mines Co., Baker, Idaho: Bureau of
Mines Ini. Circ. 6240, J930, 8 pp.

16 Catron, William, Mining Methods, Practices, and Costs of the Cananea Consoli
dated Copper Co., Sonora, Mexico: Bureau of Mines In!. Circ. fi247, 1930, 41 pp.

17 Plus timber and supplies.
18 Nelson, 'V. 1., Mining Methods and Costs at the Engels Mine, Plumas County,

Oalif.: Bureau of Mines In!. Circ. 6260, 1930, 22 pp.
tQ Hewitt, E. A., Mining Methods and Costs at the Park Utah Mine, Park City,

Utah: Bureau of Mines Inf. Circ. 6290, 1930, 18 pp.
20 Dailey, M. J., Mining Methods and Costs of the Silver King Coalition Mines Co.,

Park City, Utah: Bureau of Mines In1. Circ. 6371, 1930, 12 pp.
21 Quayle, T. W., Mining Methods and Practices at the United Verde Mine, Jerome,

Ariz.: Bureau of Mines Inf. Circ. 6440, 1931, 31 pp.
22 Spiers, James, Mining Methods and Costs at Central Eureka Mine, Amador County,

Calif.: Bureau of Mines Inr. Circ. 6512, 1931, 12 pp.
23 Webb, J. S., and Skinner, T. W., Mining Methods and Costs at the Braden Copper

Co.'s Mines, Sewell, Chile: Bureau of Mines In!. Circ. 6565, 1932, 13 pp.
24 Knaebel, J. B., Mining Practice at the Edwards Mine of the St. Joseph Lead Co.,

St. Lawrence County, N. Y.: Bureau of Mines In!. Circ. 6586, 1932,35 pp.
25 Livingston, A., Mining Methods and Costs at Fresni11o, Zacatecas, Mexico: Bureau

of Mines Inf. Cire. 6661, 1932, 31 pp.
26 Crane, W. R., Mining Methods and Practice in the Michigan Copper Mines: Bureau

of Mines Bull. 306, 1929, 192 pp.
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TABLE 28.-Track data

Reference, Information
Circular No. Type of haulage Capacity of cars Weight ofloco

motive
Weight
of rail,
pounds Size

Ties

Spacing

Grade of
tracks,
percent

Curve radius,
feet

Track
gage,

inches

6170 1° do_____ 2.5 tons_ ___ 15 tons_ _ 30-56 ____ __ __ __ __ _ _ 0.5 -_____ _____ ___ __ 24
6170 10 Mule 2.5 tons_____________ 20 -- ------ __
6179 11 Motoc 2 to 3.5 tons 6.5 tons_________ 40 30
6180 12 do 2 tons 6.5 tons_________ 40 --______________ 30
6186 13 do 10 tons 18 tons__________ 50 --______________ 30
6237 14 do 20 cu. ft 3 and 4 tons_____ 30 0.5 40_____________ 18

~~:Z ~:=~==================~ ~~~~r_-_~============ ~~5c~1:~~~========== -iO-t-ons~========= 12, i~ -4"-by6"by-3'6fj_-~~=== ======~=== ----------0:5- _~~============= i~
6240 16 _ _ Hand_ __ 0.75 ton_ __ _ _ 12 -- -- ------ --------- -- -- -- ----
6247 16 Motor 3.5 to 4 tons 1.5 to 4 tons_____ 30 6" by 8" by 4'0" 24" 0.5 35 min________ 18
6247 16 do 7 tons 10 tons__________ 30 6" by 8" by 6'0" 24" 0.5 60 min________ 36
6247 16 Rand 1 ton________________ 16 4" by 6" by 4'0" 24" --__________ 18
6250 17 _ Motor______ 2 tons_ 5 tons_ 30 __ __ __ _ __ __ 25 min ---- - - _
6250 17 _ Rand_ __ 16 cu. ft --- -- __ --
6260 18 Motor_______________ 1 ton________________ 3 tons___________ 20 4" by 8" by 3'0"__ 0.25 18
6260 18 do 6 tons 7 tons___________ 30 5" by 8" by 4'0" 0.25 24
6290 10 do 3.5 and 4.5 tons 4 tons___________ 40,45 4" by 6" by 3'0" 30" 0.25-0.50 30 min________ 18
6290 10 Hand 16 cu. ft_____________ 16 -- --------
6294 20 do 22 cu. ft_____________ 16 0.5 18
6311 21 do ] ton________________ 16 18
6325 22 do___________ 3 tons_ ___ __ 30 -- - --- ----
6325 22 MotOf 3 tons 6 tons -- --------
6327 23 Hand 18 cu. ft_____________ 20 4" by 6" by 30" 30" 1.5 max. 18
6327 23_ Motor 50 cu. ft., 3 tons_ ____ 3% tons_ __ 30 4" by 6"____ __ 0.5 ______ _ 24

~::~ ;:=============~======= =====~~=~============= -60-cu~ft:,-5-to-ns~==== g't~iJ.~_t~~~-_-_~==~ 50, 40, ~g -.5/,-by5';by-5'~~======= ------24"- 8: ~ -iOO'54"=======~ ~~
6368 2" do 40 and 18 cu. fL_____ 16 24
6369 27 _ __ __ _ _ __ _ _ __ _ _ _ _ __ _ _ _ do_______________ 40 cu. ft., 2M tons___ 2, 4, 6 tons______ 40 5" by 5"______________ 18" O. 5 ________________ 24

See footnotes at end of table.

-3"-by"4F~~ == ======== ==1- ---------1- - ----- - - --- - -1---- ------------1
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0,
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00'
t-3
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30

18
24
18

24
24
30
18
30

50 to"60 _
50 _
60 standard,

35 minimum.

0.5 1 1

4 max.
o. 25-0. 3a

0.5
6" by 8" by 4'6" , _
6" by 6" by 3'0" _

40 1_ - - ----- ---------- - - - - - -,--

18 and 24 ------------ _
40
12

2g 1= === ====================1------_-- -1---- -- ------ --1- - -- ---- --------1
30

45 and 35
30

40 and 60 1 ----I

6138 1 Motor 2.5 tons; 5.5 tons 1~, 4, and 6~

tons.
6145 2 do 20 cu. ft "Trammer" size_
6149 3 do 2 to 7 tons 1 to 6 tons _

!i~ ::::::::::::::::::::::: ~t~d :~~~~~::: -~:~ ~~~i~_~~=::::::: ::::::::::::::::::I
6160 6 Motor 1 and 2 tons 4 tons _
6167 7 do_______________ 4.6 tons_ __ 8 tons _
6168 8 do 2 to 3.6 tons 3 to 4.5 tons _
6169 ~ do_______________ 2 and 5 tons_________ 8 tons _



TABLE 28.-Track data-Continued .......

-..:r
00

Reference, Information
Circular No. Type of haulage Capacity of cars Weight of loco

motive
Weight
of rail,
pounds Size

Ties

Spacing

Grade of
tracks,
percent

Curve radius,
feet

Track
gage,

inches

6377 20 Hand _
6380 30 _____________________ Motor-- _
6390 31 do _
6402 32 _____________________ Horse _
6407 33 _ Motoc _

6440 34 do _
6440 34 do _
6440 34 Hand _
6462 35 _____________________ Hand and motoc _
6480 36 _____________________ Motoc _
6512 37 do _
6526 38 do _
6565 39 do _
6601 40 do _
6661 41 do _
6804 42 do _
6815 43 do _
6815 43 do _
6815 43 • do _

18

18
30
30
18
24

~.

56~ t;j
18 H
18 >
18 ~
23 I

18 ~
52 1-1

~30 1-1
26 ~
20 0
18
36 hj
36 ~
24 >

0
H.
1-1
O·
t:ri

40 _

15 _

~: ~ 1----------------1

0.4

0.5 1 124"

~,~e~~6" by -30" =~====~L ~~':_

4" by f>" by 32" _

6" by 6" by 30" _
4" by 6" 1 -I - - - - - - -I - - - - - - - - - - - - - - - - I

3" by 6" 1 _

0.5
_ 1 , 0.25
5" by 6" by 42" _ _ 24" 0.5 _

4" by 6" by 30" - - --- - - --------- - --- -------0.-.5 -I =============~ ~ ~ I
0.5 _
0.5 _

---- ------- --------------------24" -, ~~ ~ _1- 50-min_-~==== ==

30-20
16
16

40 1------------------------1
18, ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ==~ ====

75
40
16

16 and 12
20
25
50 1 1 -1--------------1----------------1
60 1 1

32
25

20 and 30

!~ [::::::::::::::::::::l---

17 cu. ft , 4 tons _
3 tons _

14.5 cu. ft _
4 tons, 65 cu. ft__ ____ 6 and 10 ton13 _
4 tons 6 tons _
1.8 tons _
3 tons, 2 tons__ __ __ __ 8 tons "tram- 1 1__ - - -- - 1

mer."
40 tons, 2,15 tons 25 tons _
30 cu. fL -------- ---- -- --- 1
18 cu. ft ____________ _ _ _
17 cu. ft., 50 cu. ft 3 tons _
40 cu. ft 2~ tons _
If> cu. ft., 1 ton 1~ tons _
7.5 tons_ ___ 13 tons, 10 tons __
23.8 tons_ ___ 25 tons _
4.2 tons 4 to 6.5 tons _
70 cu. ft 4.5 tons _
21 and 57 cu. fL 1.5 tons _
17 tons 18 and 15 tons _
20 tons 20 and 40 tons _
100 cu. ft 6 tons _

006371



1 Eaton, Lucien, Method and Cost of Mining Hard Specular Hematite on the Mar
quette Range, Michigan: Bureau of Mines Inf. Circ. 6138, 1929, 14 pp.

2 Richert, G. I., Mining Methods at Minas de Matahambre, Pinar del Rio, Cuba:
Bureau of Mines Inf. Circ. 6145, 1929, 18 pp.

3 McNaughton, C. H., Mining Methods of the Tennessee Copper Co., Ducktown,
Tenn.: Bureau of Mines Inf. Circ. 6149, 1929, 17 pp.

4 Banks, L. M., Mining Methods and Costs in the Waco (Mo.) District: Bureau of
Mines Inf. Circ. 6150, 1929, 10 pp.

5 Keener, O. W., Method and Cost of Mining at Barr Mine, Tri-State Zinc and Lead
District: Bureau of Mines Inf. Circ. 6159, 1929, 9 pp.

6 Poston, R. H., Method and Cost of Mining at No.8 Mine, St. Louis Smelting &
Refining Co., Southeast Missouri District: Bureau of Mines Inf. Circ. 6160, 1929, 22 pp.

1 Thomas, R. W., Mining Practice at Ray Mines, Nevada Consolidated Copper Co.,
Ray, Ariz.: Bureau of Mines Inf. Circ. 6167, 1929, 27 pp.

8 Snow, F. W., Mining Methods and Costs at the Magma Mine, Superior, Ariz.:
:Bureau of Mines Inf. Circ. 6168, 1929, 32 pp.

II Stoddard, A. C., Mining Practice and Methods at Inspiration Consolidated Copper
, '00., Inspiration, Ariz.: Bureau of Mines Inf. Circ. 6169, 1929, 23 pp.

10 Jackson, Chas. F., Method of Mining Disseminated Lead Ore at a Mine in the
Southeast Missouri District: Bureau of Mines Inf. Circ. 6170, 1929, 21 pp.

11 Eaton, Lucien, Mining Soft Hematite at Mine No.2 of the Marquette Range, Mich
igan: Bureau of Mines Inf. Circ. 6179, 1929, 15 pp.

12 Eaton, Lucien, Mining Soft Hematite by Open Stapes at Mine No.1, Menominee
Range, Mich.: Bureau of Mines Inf. Circ. 6180, 1929, 10 pp.

13 Bradley, P. R., Mining Methods and Costs, Alaska-Juneau Gold Mining Co.,
Juneau, Alaska: Bureau of Mines Inf. Circ. 6186, 1929, 18 pp.

14 Shoemaker, A. H., Mining Methods at the Old Dominion Mine, Globe, Ariz.:
Bureau of Mines Inf. Circ. 6237, 1930, 21 pp.

15 Gardner, E. D., Mining Practice at Harmony Mines Co., Baker, Idaho: Bureau of
Mines Inf. Circ. 6240, 1930, 8 pp.

16 Catron, William, Mining Methods and Costs of the Cananea Consolidated Copper
Co., Sonora, Mexico: Bureau of Mines Inf. Circ. 6247, 1930, 41 pp.

17 D'Arcy, R. L., Mining Practice and Methods at the United Verde Extension Min
ing Co., Jerome, Ariz.: Bureau of Mines Inf. Circ. 6250, 1930, 11 pp.

18 Nelson, W. I., Mining Methods and Costs at the Plumas Mine, Plumas County,
Oalif.: Bureau of Mines Inf. Circ. 6260, 1930, 22 pp.

III Hewitt, E. A., Mining Methods and Costs at the Park Utah Mine, Park City, Utah:
Bureau of Mines Inf. Cire. 6290, 1930, 18 pp.
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Tables 27 and 28 indicate the range in capacities of ore cars com
monly employed in metal mines. For large output and long hauls the
use of large-capacity cars usually is justified from the standpoint of
economy in operation. Other considerations may be more important,
however, and small cars may be employed for a number of reasons.
Thus, the size of drifts it is feasible to drive and maintain often limits
the size of car that can be used. In other instances ore may be gathered
from many scattered points in the mine and trammed by hand to the
main motor haulageway, and it may be cheaper to haul the small
hand tram-cars in trains even over long distances than to dump them
and reload into cars of larger capacity for locomotive haulage. Scrap
ping of existing small-capacity equipment and substitution of equip
ment of larger capacity often may be desirable after a mine has
advanced from small- to large-scale operation, but in other instances,
where the earlier equipment is still in good condition, the capital out
lay required to replace it may not be justified by the anticipated sav
ings in direct haulage costs.

Much attention has been given to details of design and construction
of mine cars, but a discussion of this subject would be too voluminous
for inclusion in this bulletin.

Today most mines employ steel cars equipped with roller bearings,
though in a few large mines railroad-type journal bearings are used.
The principal types of cars are distinguished chiefly by the methods
of dumping, which, in turn, largely determine the several characteristic
designs. End-dump and side-dump cars with end or side doors that
are tipped endwise or sidewise to the dumping position have been
mentioned under "Hand Tramming," and these types, especially the
side-dump cars, are used with motor haulage also.

Side-dump cars of the rocker type have been popular in recent years.
The car body is V-shaped in cross section, the bottom of the V being
rounded. Rounded trunnions at each end of the body below the cen
ter of gravity rock or roll on a frame attached rigidly to the truck
frame; the body is rocked over on its side to discharge the contents
of the car. This type of car can be emptied while it is moving slowly
over the dumping point.

The Granby car is a favorite type for use in connection with loco
motive haulage where rapid dumping of trains with minimum labor is
desired. It is designed to be dumped while in motion. A roller on
the under side of the car body rides up on a ramp constructed along
one side of the track at the dumping point and lifts that side of the
body. As the body tips, a side door on the opposite or low side is
raised, and the contents is discharged. The locomotive pushes the
train slowly along the ramp, and each car is dumped in turn without
having to stop the train. The cars also can be dumped by means of
an air jack or by a rope and winch. at points where no dumping ramp
is provided. If there is ample pocket capacity the train can be dumped
and returned immediately for its next load in less time than ordinarily
would be required to switch out the loaded train and couple up with
a standing empty one. The train crew does the dumping, and a min
imum number of cars is required as no cars are idle at any time. The
Granby car is heavy, and some operators claim it is difficult to keep
clean if the ore is at all sticky, but the advantage of quick dumping
and low operating cost may often outweigh these objections.
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The gable-bottom car has been employed widely, but in recent years
the trend llas been toward rocker-bottom or other types of cars.
Gable-bottom cars have a swinging door on each side of the car, hinged
at the top, which, when unlatched, permits the contents to discharge.
The gable-bottom construction reduces the capacity of the body, and
the doors usually require considerable repair work to keep them tight
and prevent leakage of fine ore along the haulage roads. Bottom
discharge cars are used at some mines but are not as common as other
types. .

Solid-body cars with the bodies attached rigidly to the truck frame
have a number of advantages but require a cradle or rotary dump for
discharging and for this reason are not well-adapted for handling and
distributing ore or waste to a number of dumping points. Where ore
only is handled and there is but one dump point or large tonnages are
dumped at each point, the cost of installing the dumping mechanism
may be outweighed by the advantages of this type of car. They are
low in first cost in relation to their capacity, they are sturdy and have
no doors to maintain and keep in repair, no leakage of fines occurs as
in the case of cars with poorly-fitting doors, and the height above the
rail is low in proportion to their capacity.

Each type of car mentioned llas its advantages under certain con
ditions determined by such factors. ai tonnage to be handled and the
number of loading and dumping points; size of haulage,vays; physical
character of the material handled, whether fine or coarse, wet, dry,
or sticky, and the method of loading. Thus, a low car is desirable for
loading by hand shoveling or by power scraper in drifts and crosscuts.
Likewise, the height of loading chutes above the rail may limit the
height of the car. If cars are to be hoisted on cages and dumped on
the surface the size of the hoisting compartments and cages will limit
the size of car that can be employed. For handling fine material
such as sand filling as well as fine ore, a solid-body car without doors
has obvious advantages.

TRAMMING AND HAULAGE COSTS

Costs of tramming and haulage are available from only a few mines,
and it is difficult to make accurate comparisons because of differences
in accounting practices at different mines. It is often the practice
to combine costs of hand mucking and tramming, especially in de
velopment work. Most operators charge loading from chutes against
tramlning cost, some include also cost of chute maintenance and
repairs, and some combine tramming and hoisting under the general
head of transportation. In some instances dumping cars at the skip
pocket may be charged to tramming if the dumping is performed by
the train crew, whereas in others, where dumping is done by a separate
station attendant or shaft crew, this operation may be charged to
hoisting. Some mines segregate waste tramming from ore tramming,
whereas many others do not.

A few examples of tramming and haulage costs are given in table
29, which, for the reasons above stated, cannot be compared precisely.
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TABLE 29.-Examples of underground tramming and haulage t/osts

Costs per ton of ore

Mine and year Type of haulage

Approx
imate
aVd~~ge Capacity of cars

tance, Labor Power
feet

Supplies.
shop
costs,

miscella
neous

Total

---------1---------1----- --------1------------

.17

.155

.120

.0909

.0420

.0166

.060

.134

.077

.05314

.020

.357

.1136

.468

.064

.1776

.63

.52
3.236

$0.67

.349

$0.08

.044.295 $0.010

.0811 .0035 .0290

.390 .013 .065

.057 .007

.1073 .0138 .0565

.010 .002 .008

-------- -------- ----------

·.17

.121 5.009 .025

.095 .010 .015

.0585 .0078 .0246

.0393 .0027

.0100 .0010 .0056

.031 .020 .009

.134 -------- ----------

.046 .030 .001

21 cu. ft. and
57 cu. ft.

30 cu. ft.; 16
C'u.ft.

0.9 tOIL _

20 and 26 cu. ft_

10 tons _

16 cu. fL $0.59

600 16cu.fL _
600 do -_- - - - - - - - - - - - - - - - - - - - __ - - - - -
350 16 and 20 cu. fL .189 .047

1,200

21,600

Hand and trolley 1,030 IH tons; 3H
locomotives. tons.

Hand_ __ __ __ _ 1,200-lb. cans __
Trolley locomoti ve __ ________ 1 and 2 tons

Battery locomotive_

Trolley loeomotive_ _ 10,000

Braden, Chile, 1928 _
Do _

Britannia, B. C.:
East Bluff Trolley locomotives 13 to 20 tons _
Victoria Rand and trolley 10- 100eu. ft _

romotives.
Fairview (1933- 'I'rolley locomotives 13 to 20 tons _

1934).
Miami, .\riz., 1925- do 5,000 86 cu. fL _

1929.

Trolley locomotive,
small battery loco
motive, hancl.

Eureka Standard, Battery locomotive _
Utah, Feb. 1933.

Montreal No.4, Trolleylocomotive 40 cu. fL _
'Vis., 1928.

Montreal Nos. 5 and do do _
6, 'Vis., 1928

Ray, Ariz., 1928_ _____ Compressect-air loco- 3.000 103 eu. fL _
motive.

Hand _
Trolley_____ ___ __ __ __ 11,000 23.8 tons _

Hand trarnming _

Hand, nlule, and
battery locomo-
tive.

Cresson, Colo., 193L __ Hand _
Cresson, Colo., 1932 do____ _ _
Hog l'vlountain, Ala., Hand. Cars eaged-_

1935-36.
Alaska-Juneau, Alas

ka., 1928.
Mineville, N. Y.,

1927.
Waco, Mo., 1927-1928_
No.8, Southeast Mis

souri. 1928.
El Potosi, Mexico,

August 1933.
United Verde Exten

sion. Ariz., 1928.

Eighty-Five, N.
Mex.,11930.

Elkoro, Nev., 1930 _

1 Cost includes tramnling ore and waste, chute-blasting, and supplies such as mine cars, oil, etc., but
not track, which is $0. H3 additional.

2 Locomotive.
3 Includes some mucking.
• Includes hauling waste.
6 Includes power cost of scraping.

SCRAPING

Scraping has been discussed in detail in an earlier Bureau of Mines
publication. I5 The scraper was first employed in metal mines pri
marily as a mucking and loading machine but has come to be used
widely for transporting ore and rock for limited distances. Thus,
scrapers are used in stopes to drag ore from the face to the chutes, to
place waste filling in the stopes, and, in scraper drifts and crosscuts,
to drag ore from a line of raises to a common main ore pass or directly
into cars on the haulage level. Direct loading into cars in headings
and flat stopes by means of a scraper slide has been discussed briefly
in the section on "Mine Development."

In considering scraper transportation of ore, the digging function of
the scraper cannot be disregarded, since it must first fill itself by digging
before it can transport its load by dragging. ...~ scraper designed

16 Jackson, Chas. F. Underground Scraping Practice in Metal Mines: Bureau of Mines Manuscript
Rept. 1, 1933,88 pp.
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for maximum digging efficiency may not work well as a means of trans
portation; it may catch on rough spots and spill most of its load along
the way, may dig into the bottom if it is soft, or tear up flooring laid
to protect the bottom. These difficulties can be overcome by proper
design, though sometimes at the sacrifice of some digging efficiency.

Two general types of scrapers are employed underground-the
box type and the hoe type. Both are bottomless, although some are
constructed with a back plate curved forward to meet the floor at a
flat angle, forming a partial sloping bottom. Figure 25 shows one
form of hoe scraper at A. The box scraper differs from this princi
pally in that it has sides. (Fig. 68.) Figure 25, B, shows a semihoe
scraper that has short side plates extending upward and forward
from the digging edge to the bale.

In general, the box scraper is applicable for handling finely broken
or granular material, whereas the hoe type is better adapted to hard,
chunky ore. The box scraper will dig fine material and, by reason of
the sides, retain the load better; but in digging blocky ore the sides
tend to ride up on the lumps and thus prevent penetration of the
cutting edge or teeth into the muck pile, especially if the scraper is
light in weight. By allowing spill to accumulate along the haul
ageway it will form banks on each side of the scraper rut, which will
prevent further spillage even when a hoe scraper is used.

The proper size (capacity) of scraper for a given installation will
depend on the quantity of ore to be handled and the rate of handling
desired and will be limited in some instances by the dimensions of
the heading in which it is to operate. The weight of the scraper for
any particular condition is influenced largely by the size and weight
of the broken ore. In soft, dry, loose muck a light scraper usually will
dig satisfactorily, but in hard, cllunky ore adequate weight is a
primary requirement. Probably more initial scraper installations
have failed because the operators started with a scraper too light to
penetrate the muck pile or with a hoist too small to load and pull a
heavy scraper than for any other reason.

As shown by graphic power-input charts taken from scrapers in
operation, the maximum power during the scraping cycle is required
when the scraper is digging into the pile when it is often two, three, or
more times that required during the dragging period.

For transportation purposes the scraper should be designed so
that its digging action will cease or be greatly reduced after the
scraper is filled. In somewhat lumpy ore the sides of the box scraper
usually will accomplish this. In soft, fine ore it may be necessary to
curve the top part of the back plate forward, as shown in figure 68 at E.
The force of the load against this top section then tends to lift the
scraper. The same method may be employed with hoe-type scrapers,
or, as an alternative, short, tapered side plates may be added (fig.
25, B).

Scrapers are best adapted to transportation underground where
large quantities of ore must be moved comparatively short distances.
Usually scrapers of large capacity are necessary for tllis, which in turn
requires the use of hoists larger than are customarily employed for
loading in drifts and crosscuts, the nature of the material handled
being the same. The trend during the past 15 years has been toward
the use of larger, more powerful scraper hoists capable of pulling
heavier loads at higher speeds. Overpowered hoists are desirable for

141609°--39----13
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FIGURE 68.-Forms of box scrapers. A, Reversible box scraper used in soft iron ore, Negaunee, Mich. B, Box scrapers used in soft iron ore,
Negaunee, Mich. C, Reversible Quincy box scraper. D, Semibox scraper. E, Box scraper with upper part of back turned forward.
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scraper work, as they are subjected to rough use and frequent momen
tary overloading, and though the first cost is higher, the maintenance
cost is considerably less.

A few years ago operators in the Lake Superior iron-ore districts
were replacing all their smaller scraper hoists with hoists of 15 or
more horsepower. More recently some companies are replacing
15-horsepower hoists with hoists rated at 25 horsepower. This is
mentioned because scraping has been practiced to the virtual exclu
sion of hand shoveling and sublevel hand tramming in these districts
for 15 years, and hence the experience there should indicate the most
efficient practice.

Table 30 presents dat:a on a few operations where scrapers are
employed principally for transportation. With the one exception
noted, all the hoists were electrically driven. ~rhe performance data
include digging, as it is ilnpossible, without making time studies, to
separate the digging and transporting functions of the scrapers.

Except on short drags, slow rope speeds greatly reduce the amount
of ore that can be handled. A slow speed is desirable for digging,
and this may be obtained in part by slipping the clutch during the
digging part of the cycle. Better practice for transfer-level work or
other long drags is to employ a two-speed hoist--low speed for digging
and high speed for dragging. This can be done without any difficulty
in selecting a motor of the proper horsepower, as th.e maximum pull
occurs during digging, whereas higller speed is required during drag
ging when the load is lighter.

The data in table 30 were obtained in 1932, an.d since that time con
siderably higher speeds have beell adopted for use, 350 feet per
minute being common; speeds of 450 feet for pulling the load and
650 fee~ for returning the empty scraper have become standard in
some mInes.

A smooth bottom is required when dragging is done at the higher
speeds, and it often becomes necessary to lay steel rails or plank floor
ing for the scraper to slide on.

Scraper hoists for underground use are powered by electric or com
pressed-air motors. From the standpoint of power consumption, the
electric motor is to be preferred. With air hoists, theoretically about
4 horsepower is required on. the air compressor to deliver 1 horsepower
of useful work to the hoist. In actual practice the air·-operated hoist
requires six or eight times as much primary po,;ver as the electrically
driven hoist. Actual meter tests of electric scrfLper hoists in scraping
several thousand tons of ore have shown power consumption as low as
0.065 kw.-hr. per ton scraped with short drags and under favorable
conditions. With electric drive the power requirement is usually
less than 0.5 kw.-hr. per ton, except for very long drags or exceptionally
difficult conditions. Matson 16 has presented figures showing actual
comparative costs of scraping with air hoists and with electric hoists.
In the example given, 604,005 tons of ore were scraped with air hoists
at a power cost of $0.0346 per ton and 91,124 with eleetric hoists at a
power cost of $0.0042 per ton, a ratio of about 8 to 1.

Air hoists have certain advantages, however. Compressed air
usually is available in all active sections of th.e mine, the exhaust

16 Matson, Robert C., Scraping Practice in the Michigan Iron Mines of the Lake Superior District:
Michigan ColI. Min. and Tech. Bull. 4, vol. 2, 1929, 75 pp.



TABLE 3Q.-Data on scraper transportation

(Scraping distance, 100 feet or more)

~

00
O':l

i APproximatel1
I load

I

Type of are
Horse
power

Hoist

Rope speed, feet
per minute Type

Details of scraper

Approxi-
Width'l mate
inches weight,

pounds

Scraping dis
tance, feet Remarks

55 130-150 1 Box with teeth _

25 200_ ______________ Hoe I

150 190 return, 1741-----do------------
pull.

Soft iron ore 1

Do _

Hard and soft iron are, some chunks__
Hard, chunky rock and soft iron ore __

Large blocks of zinc are in dolomite
gangue.

Ooarse and fine copper-bearing con
glomerate.

Very hard are, large angular blocks _
Hard, siliceous are in fine, sticky

gangue.
Hard, siliceous are in fiat slabs;

chunks and fines.
Iron are; large slabs _

Hard, hlocky rnagnetite _

Large, heavy, angular blocks _

15
1.5

15
25

25

35
(air)

60
15

15

~O-:-280:::::::::::: 1 ~OXd;'~~::::::::::::
240-280 I Hoe _
230 1 Semihoe _

200 high; 144 low __ I Arc~back hoe .. - ~ ~ -

-- __ ------- ----- I Hoe

-240~ ~ ~ =============I
230 1 do __ - _

34 1 1

48 1 1
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80 2,800
40 650

40 650

48 3,100

48 1,400
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has some cooling and ventilating effect, the speed of air motors may be
controlled by the throttle, and if overloaded they will stall without
damaging the motor.

Electric-lloist motors may be either D. C. or A. C. If direct current
is employed, power usually is taken from the trolley wires. Where
numerous scrapers are in use and alternating current is available at
440 or 550 volts, it usually pays to run special transmission lines and
employ A. C. motors, although D. C. motors have certain advantages
for scraping. Thus, speed control is obtained more easily with D. C.
motors; slow speed with high torque durillg digging and higher speeds
for dragging can be provided for in the motor windings.

In straight transfer drifts or on other straight drags it is usually
necessary to employ only one man for operating the scraper provided
illumination is adequate. Sometimes a helper may be necessary at
the loading point if the ore is very block:y or along the haulageway if
the drift is crool(ed.

N ext to labor, general repairs and rope renewal usually are the
largest items in the cost of scraper operations, whereas cost of power
is low, especially if hoists are electrically driven. Ropes receive rough
treatment and have a short life because of overwinding on small drums
and abrasion from rubbing on the back of the scraper and against
rock. Scraping costs at one mine were distributed as follows:

Cents
per ton

Labor ~ 27
Rope_ _________________________________________________ 1. 43
Repairs and renewals including sheaves 1. 86
Power_________________________________________________ .69

9. 25

In this example the ore was in large cllunks, the scrapers weighed
1,760 pounds and had a capacity of 1 ton of ore, and the average
scraping distance was 175 feet, the maximum being 400 feet. Five
and one-third tons of ore was handled per foot of 7~-inch wire rope.

At another mine the cost of loading in drift headings with scraper
and slide and 25-horsepower electric hoists was divided as follows:

Cost per ton
Operating labor _____________________________________ $0. 0500
Maintenance (excluding rope) 1 . _ _ _ _ _ _ _ _ _ _ _ _ _ _ • 0572
Rope_ ___ _____________________________________ _______ . 0263
Power______________________________________________ . 0160

.1495
1 Includes installation of long power line.

In top-slicing operations conducted by anotller company 455,000
tons of soft iron ore was scraped, 6 by 19%-inch rope with independent
wire center being used. With hoist drunls of less than 9-inch diam
eter, rope consumption was 1 foot per 22.4 tons of ore. Using drums
larger than 9 inches, the tonnage per foot of rope was 27.2.

Under average conditions 1 foot of wire rope usually will be worn
out per 5 to 15 tons of ore scraped, if sizes of rope, scraper, hoist
drums, slleave wheels, and hoist pull are suitably proportioned.
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At El Potosi 17 the cost of scraping 107,420 tons of ore in 1932,
exclusive of operating labor, was as follows:

Cost per short ton,
Item in U. S. currency

Making and repairing scrapers - - - $0. 0054
Power lines - __ - - - . 0004
Hoist installations - - __ - - . 0056
Hoist repairs ________________________________________ . 0167
N e"\v cable and cable repairs - _- - - - - . 0038
Electric po\ver - ______ . 0056
Lubricatioll_ ________________________________________ . 0014

O. 0389

Hoist repairs probably would have been less had larger hoists been
used. Those actually ernployed were of 6.5-, 7.5-, 10-, and 15-horse
po\ver capacity.

At Nkana 18 scraping costs in open stopes for a 6-month period in
1935 \vero as follows:

Cost per ton
Shillino Dollar

European salaries and "\vages _______________________ O. 17 O. 04
Native labor _____________ _______________________ . 08 . 02
Supplies, including explosives .22 .05
Workshops '_ ___________________________ . 03 . 01
Underground Inechanics and electricians - _______ . 07 . 02
Electric power ___________________________________ . 03 . 01

.60 .15

In recent years there has been a notable increase in the use of
scrapers for transferring broken ore from a series of stope raises into
an ore pass leading to the haulage level. This practice often greatly
reduces the nunlber of long raises that otherwise would have to be
driven in the wall rock and eliminates loading and tramming on sub
levels. The stope raises are driven from one or both sides of the
transfer drifts rather than directly above, so that as the ore piles up
it will not block the drift in assuming its natural angle of repose but
will leave room over the tops of the sloping piles for passage of the
scraper. TIle raises may be timbered or untimbered but are left
open at the bottom. If the ore is sticky and tends to pack, this system
is particularly advantageous, since the ore can run freely through the
raise and out into the transfer drift, thus eliminating troubles caused
by "hang-ups," whiell are common in chutes equipped with gates.

As indicated by the figures in table 30, large scrapers often can
handle 50 to 7.5 tons per hour or more in this kind of work, only one or
two men being required for the operation; 100 to 200 tons per hour
have been scraped tIlrough transfer drifts under favorable conditions.
Scraping distn.nces are usually under 150 to 200 feet but doubtless
with suitably designed equipment considerably greater distances are
economical.

CONVEYOR SYSTEMS

At present (October 1938) very few data on underground conveyor
systems in metal nlilles are available.

At the La ]~ue mine on the Mesabi range, Minnesota, belts were
installed some time ago on an old haulage level 15 feet below the

17 Walker, Harlan A., NUning Methods and Costs at EI Potosi mine, EI Potosi Mining Co., Chihuahua,
Mexico: Bureau of Mines InL Cire. 6804, 1934, 3R pp.

lR Harrison, A. Royden, and Mackay, Kenneth E., Mining Practice at Nkana. II: Eng. and Min. Jour.,
vol. 137, No.1, January 1936, p. 17.
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bottom of the ore. Scrapers deliver the ore from the top-slice stopes
to chutes, from which it drops through gates onto the 30-inch belt.
The conveyor system is in seven sections and delivers the ore from
the 125-foot level to the washing plant on the surface. Although no
data are available, it was stated that costs were considerably below
those for tramming and hoisting.

At the Spruce mine on the Mesabi range, a conveyor system was
installed during the summer of 1937 to handle open-pit ore. Part of
the ore is milled by electric shovels that load into trucks, which deliver
it to a raise driven from an underground level to the bottom of the
pit. The rest is mined by two tower excavators using 3-yard drag
buckets, which will operate within a maximum clean-up radius of 700
feet, the average digging radius being 170 feet. Each tower surmounts
a raise to which the scraper delivers the ore.

At the top of each of the three raises the ore passes through a crusher
before it enters the raise proper and thence falls to a pan-feeder, which
feeds the belt. The belt system, fed from th.e three raises, is 4,991
feet long and in nine sections, each driven by' a 75-horsepower, 440
volt, A. C. motor. The belt is 7-ply and 30 in.ches wide. Belt speed
is 500 feet per minute, at which rate the system has a rated capacity
of over 500 tons per hour. (It is reported that actual capacity exceeds
this considerably.) The maximum adverse belt slope is 30 percent,
or 170

• By means of this sytem ore is delivered directly to shipping
bins on surface about 1,000 feet from the top of the incline that conn.ects
with the mine level. Although this system is part of an open-pit
operation, about 70 percent of the belt is underground, and it is men
tioned as an example of the suitability and capacity of conveyor belts
and to call attention to their probable future wide application to under
ground transportation, where large tonnages of ore must be handled.

Another ullderground conveyor belt that was also used in connection
with open-pit mining operations was installed flit the New ldria mine.19

This is probably one of the earliest installations in an underground
metal mine. It was employed principally to convey waste from the
hanging wall of the ore deposit to a waste dump. The waste is blasted
or caved into a raise leading to an underground grizzly chamber 27
feet above the 300-foot adit level. From the grizzly it drops onto an
apron feeder 42 inches wide by 11 feet long, which feeds it onto the
conveyor belt at the rate of about 350 tons per hour, although 1,000
tons per hour can be handled without difficulty. To prevent large
boulders from cutting the belt, a steel plate with round holes 1 inch in
diameter is placed at the end of the feeder at an angle of 38 0

• The fine
material falls through the plate onto the belt in advance of the large
chunks and forms a cushion for the latter to fall upon. The con
veyor belt is 42 inches wide, 8-ply, rubber-surfaced ~{6-inch on the
top side and }'2-inch o:n the bottom. It is 1,250 feet long, center to
center of head and tail pulleys; 670 feet is in the adit and the rest
extends over the dump on surface. Speed of the belt is 310 feet per
minute when waste is being handled. It is driven through a tandem
drive, situated midway between tIle ends, by a 40-horsepower, 850
r. p. m., 440-volt, A. C. motor with spur-gear reduction unit; variable
speed drive is provided so that the belt may be run at 310 feet per
minute when waste is handled and 45 feet per miJlute when ore is

19 Moorehead, W. R., Methods and Costs of Mining Quicksilver at the New Idria Mine, San Benito
County, Calif.: Bureau of Mines Inf. Cire. 6462, 1931, 14 pp.
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handled. At the slow speed, hand-sorting is practiced, the ore being
low in grade. At the end of 1930 the belt had been in service 3 years
and appeared good for several years more; maintenance expense had
been negligible.

LOADING CHUTES

Gravity usually is employed wherever possible to move broken ore
from stopes to the haulage levels, and ore-passes from the stopes
terminate at the bottom in chutes, by Ineans of which the flow of the
ore into cars or onto conveyors can be controlled. An exception is
where scraper haulage is employed on the level or on transfer levels,
in which instance the raises are open at th.e bottom and the falling ore
simply piles up in the scraping drift, as previously described.

Loading chutes are constructed in various ways and consist essenti
ally of a framework of timber, steel, or concrete with gates or other
means provided for holding back the column of broken ore in the
raise above.

Chute gates are of several different types and have been discussed by
Jackson and Knaebel in an earlier Bureau of Mines publication. 20

Loading of cars from chutes is the first operation in underground
haulage, and it is therefore appropriate to discuss chutes under the
heading of "Transportation."

Following is a classification of underground chutes and gates that
includes the principal types in common use.
1. Platform chutes.

A. Chinaman chutes.
B. Scraper loading chutes.

2. Simple stopboard gates.
A. Cleated; boards bet'ween sides of chute.
B. Projecting; boards supported by iron brackets.

3. Vertical overcut or "guillotine."
A. Operated by hand lever.
B. Air-operated.
C. Rack-and-pinion type.

4. Sliding undercut gates.
5. Hinged gates.

A. Hinged-lip apron.
B. Bottom-discharge door; toggle or levers and counter·weight.
C. Front-discharge door; toggle or levers and counter\veight.

6. Butterfly gate.
7. Arc-type gates.

A. Overcut gates.
a. Flat door.
b. Curved door; (1) convex face against ore, (2) concave face against ore.

B. lJndercut gates.
a. Convex side against ore.
b. Concave side against ore.

8. Finger chutes.
9. Curtain type (flexible door).

A common form of platform or "Chinaman" chute is illustrated in
figure 69 at A. Strictly speaking, it is not a chute at all, the ore is
held back by an offset, as shown, a car is run underneath, and the ore
is shoveled or scraped into it through an opening made by removing
boards or lagging over the drift timbers. It has the advantage of
simplicity, low first cost, and ease of installation. Large chunks can
be rolled to one side and broken, and there is no obstruction at the

20 Jackson, Chas. F 0' and Knaebel, John B., Underground Chute Gates in Metal Mines; Bureau of Mines
Inf. Cire. 6495, 1931, 22 pp.
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FIGURE 69.-Types of platform and stop-board loading chutes. A, Common form of platform or "China
man"chute. B, Steel cantilever-type scraper loading slide. C, Simple cleated stopboard chute. D,
Stopper of green saplings supported by steel brackets. E, Large stopboard chute with rail brackets and
stoplogs or "breakers."
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bottom of the raise behind which they can wedge and cause a "hang
up" of ore. In addition, an opportunity is afforded for sorting waste
on the platform. Figure 69, B, shows a steel cantilever loading slide
with a short chute for loading cars with a scraper.

Stopboard chutes probably are used more widely than any other
type, particularly for handling small or moderate tonnages of ore and
waste. They are simple in construction and cheap to install. Stop
board chutes are shown in figure 69 at 0, D, and E. The ore is drawn
by raising one or more of the stopboards. The form shown at C
is a cleated chute and that at D is of the simplest bracket-supported
construction. The latter was employed at the Ahmeek mine in
Michigan, where the ore was mined in flat-dipping open stopes and
the back stands well, requiring little support along haulageways.
The form sllown at E is one developed after long experience at the
IIollinger mine in Ontario, where the ore breaks in various sizes from
fines to coarse lumps. When stopboards become worn or broken
they can be replaced easily and cheaply. Lalrge chunks may cause
trouble, and in removing them fines may run out, bury the car, and
cover the track. Sometimes a narrow lipboard is set in brackets to
hold back fines after the chute is closed, thus assisting in keeping the
track clean. When hang-ups are blasted the boards and chute tim
bers frequently are broken. In general, stopboard chutes are best
suited to conditions where the ore breaks fairly small but does not pack,
where the total tonnage to be drawn through each chute is not so great
t.hat it will be worn out and have to be replaced one or more times,
and where rapid loading is not required. In very heavy ground they
have one advantage over steel doors, as they can be trimnled or other
wise altered more readily so as to permit their continued operation
when damaged by ground pressure and moverrlent.

The vertical overcut or guillotine-type gate is often employed under
ground, the more elaborate forms on main ore passes, for opening
and closing shaft pockets and skip-measuring pockets, and in connec
tion with other more or less permanent or long-life installations. They
are especially adapted to handling fine or medium-size material.
Lumpy ore may block them and allow fines to run out underneath
unless a lipboard or apron also is provided. Warping of the door or
springing of the frame may cause them to bind, and therefore they
must be installed in a substantial framework so that distortion will be
prevented. When the nature of the material is suitable for handling
with this type of gate, rapid loading is possible. Figure 70 shows
small, hand-operated, guillotine gates at A and B as installed to
handle comparatively small tonnages. The lower one at A was used
for loading a skip in an inclined shaft and is provided with a short
hinged apron to throw the ore farther out from the lip. When folded
back, this apron serves to retain filles after the gate is closed. The
upper gate in the same figure is operated by a rack and pinion. The
gate at B is operated by a lever arm, which is simply used to pry up
the gate. For rapid handling of larger tonna,ges, gates of this type
usually are operated by compressed-air cylinders. The cylinder is
mounted above the chute and raises and lowers the gate by means of a
piston attached to a bridle on the top of the gate. It is apparent,
however, that considerably more headroom is required than is avail
able in most mine drifts, and the air-operated guillotine gate is more
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often employed on skip pockets and large main ore passes than on
loading chutes in the drifts.

Sliding undercut gates (fig. 70, 0), operated by cOlllpressed air, are
not employed extensively but overcome two of the objections to
guillotine gates. First, the gate cuts upward througll the stream of
ore when it closes, effectually stopping the flow of fines; and since

c

------ ------7-------
Chute

B

E
FIGURE 70.-Types of loading chutes. A and B, Hand-operated guillotine gates. C, Sliding undercut gate.

D, Front-discharge toggle gate" E, Baltic hinged-lip apron.

the top of the chute is open, large chunks are merely raised and tum
bled one way or the otller (back into the chute or into the car).
Second, no additional headroom is required for installing the air cylin
der. On the other hand, fines can llardly be prevented from working
in between the gate and the guides and between the gate and the bot
tom of the chute, causing the gate to bind.
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Hinged gates or doors sometimes are used as lip aprons to catch
fines or to throw the material farther out, as in figure 70, A. Figure
70, D, shows a front-discharge toggle gate hinged at the top.21 Figure
70, E, shows the Baltic hinged gate, which, when dropped, rests on
top of the car and serves as a continuation of the chute bottom.
When raised, it folds back against the broken ore column. It is
operated by a sweep or lever, as shown.

Figure 71, A, shows a butterfly-type gate that originated in South
Africa. To open it, the stop pin is withdrawn, and the pressure of the
ore causes the door plate to swing outward at the bottom; the flow of
the ore keeps it open until the loader, having reinserted the stop pin,
strikes the under side of the projecting open gate, depressing the inside
half of the door until the flow of ore catches it and swings it shut
against the pin.

Arc gates are of two principal different types-·overcut and undercut.
Overcut arc gates work best with fine or medium-size dry ma,terial.
With coarse ore, chunks may lodge under the gate and permit fines to
pass because of its failure to close tightly. They are employed
extensively, however, and are operated by hand, as at B (fig. 71), or
by compressed air, as at C. The one at B is not installed as it should
be for greatest ease in opening and closing, however. 'l'he overcut
gate can be operated more easily by hand if the bottom edge of the
arc, when in contact with the bottom of the chute, is slightly above
the axis of rotation.

Undercut arc gates are especially adapted to handling large quan
tities of coarse, hard material. They can be opened and closed quickly,
and closing is not hindered by the lodging of chunks under the edge.
Figure 72, A, shows an undercut arc counterweighted to reduce the
effort required for hand operation. Two loaders and one locomotive
engineer regularly loaded, trammed, and dumped 300 tons of coarse
rock from five chutes of this type in 27~ hours. With this type of
gate stop, logs are essential to hold back the column of ore. Figure
72, B, illustrates a more elaborate gate operated by cOITlpressed-air
cylinders. One cylinder operates the undercut gate, and two larger
cylinders, one on each side of the chute, operate a check gate (dotted
lines). The check gate is of heavy steel construction and is hung
on a shaft set between the side posts of the chute. This arrangement
was adopted at the Alaska-Juneau mine, where large tonnages were
handled through each chute, the life of each installation was long, and
the expense was therefore justified. Other forms of undercut gate
are employed; in general, those of the arc type are suitable for rapid
drawing of large tonnages of chunky ore.

Finger gates (fig. 73) consist of a number of arms or fingers separately
suspended on a horizontal shaft above the chute opening, each finger
being free to move independently of the others. The simplest form
is shown at A and is operated by a hand line or by a hand WlllCh. The
fingers are pivoted at the knuckle, and the weight of the long (hori
zontal) arm closes the short arm against the ore. A pull on the rope
serves to open all the fingers, but if a lump lodges behind one or more
of them they may be pried up separately with a bar, releasing the
lump without disturbing the others. A board may be inserted behind
the lip angle irons to hold back fine material. A finger gate actuated

al Engineering and Mining Journal, Toggle-Joint Gate: Vol. 88, No. 11, 1909, p. 526.
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by an air jack is shown at B (fig. 73). It may be noted that the gate
shown at A requires considerable head room and that at B requires
room on the opposite side of the drift.

Finger chutes are suitable for handling coarse, blocky ore, and their
chief advantage lies in the means afforded for removing large chunks,
one at a time (by lifting one or more fingers separately), without
causing a run of muck. They are relatively high in cost, cumbersome,
and require considerable room for installation.

A

B
FIGURE 72.-Undercut arc gates. A, Hand-operated gate. B, Air-operated gate.

The curtain or flexible-door gate is illustrated diagramrrlatically in
figure 74. This is known as the Cramp chain gate and is named for
the inventor, D. L. Cramp, mechanical superintendent of the Lake
Shore mine, Kirkland Lake, Ontario. It is understood to be protected
by patents. It has proved its adaptability to loading either fine or
chunky ore, or both together, requires no extra room for its installa
tion, has a long life, and does not require frequent repairs. The balls
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and chains can be taken off readily and reinstalled quickly on another
chute. They are not injured by chunks that may fall against them,
because of their flexibility, and for the same reason chunks can be
blasted in the chute without danlage. There is ample space between
the chains for inserting a bar. To open, the balls, which are attached
to a yoke, may be raised by hand rope, hand winch, or air piston.
Upon closing, the balls, by reason of their shape, fall into position
alongside one another and prevent fine material from passing. The
balls may be pried up, one at a time, for releasing chunks, as with the
finger chutes. A rather flat chute bottom is desirable, although
angles of 45° have been satisfactory with some types of rock.

FIGURE 73.-Finger chutes. A, Standard finger chute at Engels mine, Oalifornia. B, Air-operated finger
chute, Britannia mine, British Columbia.

COST OF INSTALLATION

Table 31 gives typical costs of building and installing loading chutes.
The costs shown cover single chutes and are to be considered for the
most part as approximate and not directly comparable, since they
were obtained from various sources without reference to any standard
form for segregation of cost items. Thus, in some cases cost of cutting
out ground for timbers was included, whereas in others this item may
have been. omitted.
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TABLE 31.-Typical costs of building and installing loading chutes

Cost per chute

199

Mine Type of chute or gate Labor
1------------- Materials Total

Making Installing Total
-------- ----------.------------------ _.----
Ahmeek, Mich Stop board (fig 69 D) $5 00

~~~~~~~~, ~l:~~~~~~~ ~tl~~t~(~a:t~~fi~~a~~-~):~===== ========== ========== i~: ~g
Do Overcut arc_________________ $14.15 _

Pioneer, British Co- Stop board 3 ft. 2 in. wide___ $9.90 9.90
lumbia.

Baltic, Mich Hinged-lip apron (fig. 70, E)_ 7.54
United Verde, Ariz Overcut arc 2 33~2 in. wide_ _ 35.00
United Verde Exten- do__ ___ 3.24 4.70 7.94

sion, Ariz.
Lake Shore, Ontario do__ _____ 6.25 10.00 16.25
Inspiration, Ariz______ Overcut arc curved down 8.50

(fig. 71, B) 30 in. wide.
Cananea, Mexico Overcut arc curved down 6.25

(fig. 71, B) 42 in. wide.
Park-Utah, Utah_ -- -- Overcut air-operated arc ---1---------- 85.00
Engels, CaUL ________ Finger chute (fig. 73, A) 36 in. 16.46 70.00 86.46

wide.
Lake Shore, Ontario __ Chain gate (fig. 74)---------- 32.00 13.00 45.00

$11. 00 $16.00
35.25 52.50
28.80 42.10
49.40 63.55
6.00 15.90

1 16.25 23.79
42.00 377.00
8.00 15.94

15.00 31. 25
24.76 433.26

138.69 544.94

30.00 115.00
57.33 ~ 143. 79

127.00 7 172.00

1 Includes labor of making.
2 Flat instead of curved plate, but swings through an arc.
a Mining and mucking labor, $50; explosives, $20 additional.
4 Salvage value for re-use, $13.14.
5Total cost, including cost of raise to top of pony set,t 4 feet above rail is $192.23.
6 Cost of excavating chute raise and station, $131.63.
7 Does not include cutting raise or the lO-inch beam cap piece. Salvage value for re-use is high.

ORE AND WASTE PASSES AND TRANSFERS

Ore passes are simply vertical or inclined openings for transfer of
broken ore to tIle haulage system. They may be raises in the ore or
in the walls of the deposit or timbered openings through filled stopes
and, as previously stated, usually terminate at the bottom in some
form of loading chute.

They must be steep enough to insure that the ore will run freely and
usually are inclined at angles ranging from 50° to vertical. The
inclination often is determined largely by the dip of the ore body,
especially if it is a narrow, tabular one, but the physical characteristics
of the broken ore also must be considered. Most ores will run well at
60° to 65°. Some hard, dry, lumpy ores will run at angles as low as
45° if the cross-sectional area of the pass is large, but most ores will
not. Moist, sticky ores are especially troublesome; the fines often will
build up on the bottoms of flat raises and, if the raise is too steep,
will pack owing to the superincumbent load, if much ore is allowed to
accumulate, that is, unless the raise is kept nearly empty. In vertical
or steep ore passes, chunks of hard ore falling considerable distances
are likely to break the chute gates unless some ore is left in the bottom
at all times. The fall in long ore passes may be broken by short
offsets or by reversing the dip. TIlus, it is common practice to drive
an ore-pass raise at 50° to 60° for 50,75, or 100 feet and then "knuckle
back" on a slope in the opposite direction. This often assists materi
ally in reducing wear on ore-pass linings and preventing breakage of
chutes and gates.

The type of lining will depend upon the nature of the surrounding
material (whether rock, ore, or waste filling), the characteristics of the
material to be handled, and the total quantity of ore to be transferred

141609°-39----14
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during the life of the pass. In hard firm ore and rock, ore and waste
passes often are unlined. .

In soft ore, lined sets or cribbing may be employed to support the
surrounding ground and to take the wear. The lining usually con
sists of planking laid the long way-that is, in the direction of move
ment of the ore-and is secured to the timber sets or cribbing by spikes.
Falling chunks often cause trouble by striking the planking a glancing.
blow and knocking it off, and under such conditions it may be neces
sary to employ lag screws instead of spikes. An alternative to plank
lining employed successfully under these conditions at some mines
is to use heavy sawed timber for cribbing, the timbers being laid
"skin-to-skin" to form a smooth inside face. If the life of the ore
pass is to be long and a large tonnage is to be handled through it, the
cost of concrete lining may be justified. This would seldom be the
case for individual stope chutes but may be for main ore transfers
that are to be in service for a number of years. Sometimes T-rails
instead of planking are laid lengthwise of the ore pass to take up the
wear and protect the timbers.

The ore passes should be of cross-sectional area adequate for the
tonnage to be handled and the size and character of the ore. If too
small, chunks are likely to wedge themselves between the sides and
block the pass. Since vexatious and costly delays and broken chutes
often result from "hung" ore passes, it is poor economy to restrict
their size. It is customary to carry a manway along one side of the
ore pass as a separate compartment of a two-compartment raise, and
access to points where the ore pass becomes blocked may be had from
the manway.

Waste passes for introduction of stope filling often are driven from
one level to the next before stoping operations are begun but may
be driven from the backs of the stopes after they have been mined up
part way. As with ore passes, they may be tinlbered or not, depend
ing on the character of the ground, but passes to individual stopes
are used for a comparatively short time (until the stope is mined out
and filled), and permanence of construction usually is not required.
As with ore passes, the inclination and size must be adapted to the
nature of the filling material.

The passes nlay terminate in the stope at a chute or may be open
at the bottom, depending on the method of distributing the fill in the
stopes. If it is to be spread by natural gravity flow or with scrapers,
the passes are open; but if it is to be drawn into stope cars for dis
tribution, chute gates must be used. The chutes in this case should
be of one of the simpler forms such as the stop-board type, easily a,nd
quickly installed, since they must be moved frequently as the stope
advances up"rard.

MAIN TRANSFERS

As previously pointed out, considerable savings can sometimes be
made in cost of development if only certain levels are connected with
the shaft and intermediate levels are used solely for ore extraction
and transfer purposes. Even though all the levels connect with the
shaft, savings can often be made by providing for hoisting only from
one or more main haulage levels to which the ore from intermediate
levels is transferred through ore passes. In this way the cost of in-
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stalling, operating, and maintaining ore-storage and skip-loading
pockets on the intervening levels is eliminated, and additional savings
may be possible tilrough concentration of main-line haulage on one
or relatively few levels.

This practice requires that one or more main ore passes be pro
vided for transferring the ore from the intermediate or ore-extraction
levels to the haulage level below. The position of these passes will
obviously be determined by tIle relative positions of the ore bodies,
intermediate levels and shafts, or other main outlets of the mine.
Since each transfer of ore costs money, it is desirable to handle it the
minimum number of times; hence, wherever possible, ore passes con
necting each extraction level directly with the main haulage level
should be provided.

A practice that has become more and more common in recent years
is to provide a main ore pass paralleling the shaft, into which ore can
be dumped on any ore-extraction level and drawn off at any hoisting
level below. In addition, where a filled-stope method of mining is
employed it is advantageous to h.ave a main waste pass into which
waste may be dumped and from which it may be drawn on each level.
Even if other than a filling method is employed, a main waste pass
paralleling the shaft may be advantageous. If a filling system is used
the waste pass or passes may be either close to the shaft on all levels
or sonle distance from the shaft and centrally situated with respect to
the stoping areas.

Figure 75 shows ore- and w~ste-pass systems paralleling the hoist
ing shafts, by which ore may be dumped, and waste may be either
dumped or drawn off on every connecting level.

It should be noted that the fall of ore and waste is broken at each
level by an offsetin the pass or b~y "knuckling back" on the dip; this
also keeps the passes close to the shaft and at the same time at an
angle from the vertical.

Figure 76 shows an ore- and waste-pass system in which there is a
main ore pass and one main waste pass approximately parallel to the
shaft and other maUl waste passes (shown in heavy black) are provided
in the stoping areas.

Main ore passes often remain in service for years and large tonnages
may be handled through them. For this reason considerable expense
may be justified for providing permanent resistant linings with chutes
and gates designed for optimum operating efficiency. In addition to
their other functions, main ore and waste passes serve a useful purpose
in providing storage reservoirs. Thus in the event of delays on the
haulage level or in the shaft or of break-downs in the milling plant,
they may obviate suspension of mining in the stopes by reason of their
capacity to store tIle broken ore until normal operations can be re
sumed. Likewise, if for any reason stoping must be discontinued for
a short time, they may serve to provide ore for the mill during the
interim.

Stope-filling material often is required in large quantities at regular
or irregular intervals. To provide this when needed and thus avoid
delays in the stopes, main waste passes can be utilized for accumula
tion of waste during periods whell the demand for waste is small.
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At the Hollinger mine in Ontario 22 a system of ore and waste passes
parallels the Central shaft from surface to the skip-loading pockets
below the 2,750-foot-level station, and another system parallels the
No. 19 shaft from the 2,600-foot level to loading pockets below the
3,800-foot level. Ore can be dumped into the Central shaft system
on any level from the 2,750 up, and waste can be dumped into or
drawn from the waste pass at any level. The ore-pass system at this
shaft together with the storage pockets has a capacity of 25,000 tons,

No. 11 shaft
TSUrla,e

#~,,0 ~

{I
1,0001F==~C:=::=

re pass
1,3751~;:=#===-=-

1,875
Waste
pass1F=~I===

2,375

I,
/I

3,875

~ Loading station

i1
FIGURE 75.-0re- and waste-pass systems. A, System at McIntyre mine, Ontario. B, System at Lake

Shore mine, Ontario.

enough for about a 5-day run for the mill. The waste-pass system
has a storage capacity of 6,500 tons.

SHAFT STATIONS, STORAGE, AND LOADING POCKETS

Arrangements for handling ore and waste at the shaft will depend
on the method of hoisting (whether in buckets, in cars on cages, or
in skips); the tonnage and physical characteristics of the ore; whether

22 Young, Arthur W., l\1ining [Hollinger Oonsolidated Gold Mines, Ltd.]: Oanadian Min. Jour., Sep
tember 1935, p. 377.
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two or more classes of ore must be hoisted and kept separate; the
method employed for transporting the ore on the levels and the type
and size of cars; and the inclination of the shaft.

HOISTING IN BUCKETS

In mines having a small output the ore may be hoisted in buckets
such as those already discussed under the caption, "Equipment,
Methods, and Costs of Shaft Sinking." Even relatively large ton
nages may be handled in this way, as in the Tri-State zinc and lead
district, where buckets or "cans,''' as they are termed locally, have
been employed for years for hoisting 300 or 400 tons or more per shift;

Guadalupe O1'e system
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FIGURE 76.-Diagrammatic longitudinal vertical section showing ore- and waste-pass systems, Pilares mine
Mexico.

it is reliably reported that 150 cans or 90 tons per hour can be hoisted
by this method.

In this district the practice has been to use cans of 1,200 to 1,400
pounds capacity, which are transported to the faces of the fiat stopes
on small four-wheel, fiat-top trucks running on light steel rails. When
loaded, these cans are trammed, usually by hand or mule, to a siding,
where they are made up into trains and hauled to the shaft bottom
(fig. 77, A). Here men known as bumpers uncouple the trucks and
push them, one at a time, to a spot directly under the center of the
shaft.

A man called a hooker is stationed at this point; it is his duty to
detach the empty down-coming buckets and hook the loaded buckets
on the hoisting rope" A hook is attached to the end of the wire
hoisting cable, and as the empty bucket or can comes within reach
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FIGURE 77.-A, Shaft bottom for hoisting are in cans, Tri-State district. B, Station-track lay-out fo~

caging cars on one side of shaft. C, Station lay-out for dumping directly into skip, cars dumped by rope
and air lift.
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of the hooker he swings it to one side and lowers it onto an empty
truck placed there by the bumper. He quickly detaches the hook
from the empty and attaches it to the loaded can; it is then hoisted
to surface, where it is dumped by the hoist operator and returned to
the shaft bottom. The hoistman and hooker work as a team and
become so proficient that no signals are required as long as there is
a supply of loaded cans at the bottom. The hoist is mounted in the
head frame over the shaft, and the hoistman can tell by the behavior
of the rope just what is going on at the bottom. The hooker becomes
so adept that the unhooking of the empty and hooking of the loaded
can are accomplished in one motion.

In some small mines the ore is trammed to the shaft in small cars and
either dumped directly into the bucket or into a small loading pocket
provided with a chute and gate, whence it is drawn into the bucket.
When dumped direct, a hinged apron or spout is required to conduct
the ore into the bucket without spilling.

HOISTING IN CARS ON CAGES

Although hoisting in skips has largely replaced hoisting in cars at
most modern metal mines, the latter practice is still employed and
under some conditions has certain advantages that may outweigh the
disadvantages. Thus in mines where two or more grades or classes
of ore in addition to waste must be hoisted separately, it would be
necessary, when using skips, either to have a separate pocket for each
grade of ore and another for waste or, if there is only one pocket, to
clean it carefully when changing from one grade or class to another.
The disadvantages of the latter practice are more apparent when
rapid hoisting is required, and it may be necessary to provide long
sidings at the stations on which to assemble cars according to classes of
ore. This calls for additional excavation to make room for necessary
trackage and involves investment in more cars than would be needed
otherwise. If separate pockets are provided, and especially if they
have to be duplicated on each of several hoisting levels, the cost of
preparation is high, and if ground conditions around the shaft are
bad the excavations may weaken the shaft considerably.

Timber, drills, steel, explosives, and other mine supplies and equip
ment usually can be taken underground more easily in cars or on
flat trucks than in a skip. Another advantage sometimes claimed
for hoisting ore and waste in cars on cages is that if the shaft is not
too busy the same cages may be used for hoisting ore as for handling
men and supplies.

Arrangements for caging cars at the shaft stations vary. In some
mines stations are cut on both sides of the shaft. The loaded cars
are fed onto the cage on one side and push the empty car off on the
other side, an arrangelnent common in coal mines but less so in metal
mines. The loads may run down to the shaft by gravity or be pushed
by hand or mechanical means on a level track. When run by gravity
it is necessary to provide automatic car stops on the track close to
the shaft to prevent movement of the cars except when they are
inteIltionally released by the cager.

In other mines the statioIl is cut only on one side of the shaft so
that the empty car must be pulled back off the cage before the loaded
car can be pushed on. Where space is at a premium, the floor of the
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station may be covered with steel plates (turn sheets), on which the
cars may be shifted about without using tracks. This practice was
common for many years and is still used to some extent, especially
in development work. Where more rOOln is available or can be made
so, the work of the cagers is lightened by bringing the mine tracks
up to the shaft in alinement with the tracks on the cages (fig. 77, B).
Switches and cross-overs are provided for pulling the elupties off to
one side to allow caging the loaded cars. Besides lightening the

A

VERTICAL PROJECTION

B

FIGURE 78.-Simple types of skip pockets and shaft stations. A, For vertical shaft. B, For inclined shaft.

the labor, the track system is safer; turn sheets become wet and
slippery and are likely to cause bad falls.

Hoisting in cages is considerably slower than hoisting with skips,
due to the slnaller net load that can be hoisted in a shaft of the same
size and to the time required for caging cars at the shaft stations and
on surface and usually requires more labor.

HOISTING IN SKIPS

Skip hoisting now is employed commonly in metal mines after they
have reached the regular production stage. Storage pockets and
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loading chutes usually are provided at the shaft, although where the
output is small and the shaft is not overloaded, mine cars may be
dumped directly into the skips, a short chute or apron being used to
direct the flow of the ore; the chute can be hinged to fold up out of the
shaft after the skip has been loaded. Figure 77, 0, shows the plan and
elevation of a station where cars are dumped directly into the skip.

A

El~

FIGURE 79.-A, Skip pocket with gate for drawing ore directly into skip. B, Pocket for inclined shaft with
measuring hopper for loading the skip.

For large output, storage pockets are essential, and skip-loading
devices greatly expedite hoisting and speed the entire operation.
Pockets sllould be large enough to permit immediate dumping of cars
or trains and their prompt return to the chutes for reloading.

Figure 78, A, shows a plan and section of a simple type of skip
pocket and shaft station. The ore cars are dumped into the pocket,



208 l\:IETAL-l\IINING PRACTICE

which is covered by grizzly bars on which large chunks are caught and
broken before they enter the pocket. A minimum amount of excava
tion is required and the shaft is not weakened by this style of pocket,
but to obtain storage capacity the loading statIon must be consider
ably below the level. In this particular installation ore is hoisted in
only one compartment of the shaft. Figure 78, B, shows a similar
arrangement a.t an inclined shaft.

Figure 79, A, shows a loading pocket with the front of the bin nearly
flush with the side of the sllaft. The ore is drawn directly from the
pocket into the skip witllout the use of a measuring hopper. The
haulageway runs parallel to the long dimension of the shaft, and as
the cars, which are of the solid-body type, come over the pocket they
are dumped by means of a rotary dump. The ore is dra\vn through
vertical, compressed-air-operated, overcut guillotine gates.

Figure 79, B, shows a lay-out for an inclined shaft where the cars
are dumped into a large pocket and after dumping are pushed back
onto a tail track. The ore is drawn from the pocket through ra,ck
and-pinion, overcut guillotine gates into measuring pockets, each of
which holds one skipload of ore.

As previously noted, the use of measuring pockets or hoppers
eliminates delays in loading and thus shortens the time of the hoisting
cycle. Whereas 25 years ago comparatively fe\v pockets were equipped
with these auxiliary measuring hoppers, their use has become almost
universal where rapid hoisting is required. The hoppers are filled
while the hoist is in motion, and as soon as an empty skip comes to
rest under one of them the loader opens the hopper gate, filling the
skip. Since the hoppers hold only enough for a skipload, spilling is
reduced to a minimum. When the skip is loaded directly from the
large pocket, delays may be occasioned by hanging up of the ore back
of the gate, and runs of fine material caused by inability to close the
gate quickly may overflow the skip.

Skip pockets and measuring hoppers are of varied design, from
simple ones such as that sllown in figure 79, B, to very elaborate ones.
They should be designed to suit the tonnage and nature of the material
to be handled, and the general lay-out must conform in individual
cases to the position of the haulageway relative to that of the shaft,
the available depth below the level, and the nature of the rock and the
way it stands. Interference with pump rooms, sumps, and discharge
columns must be avoided; underground crusher stations and other
factors may further complicate the problem.

In some mines where the ore breaks large, loading it into skips may
be facilitated considerably by installing a primary crusher ahead of the
pocket. This practice is common in Ontario and Quebec and not only
speeds loading by preparing the ore so that it will run freely but also
reduces wear on the pocket and skip linings and breakage of gates.
Figure 75, B, shows a general lay-out where a main ore-pass system
delivering ore to crusher stations at four separate horizons in the shaft
is employed in conjunction with skip pockets and measuring hoppers.

Figure 80 shows a somewhat elaborate installation below a 500-ton
main pocket. The main or upper gate is of the vertical sliding undercut
plate type and is actuated by a large air cylinder. The ore is drawn
through this gate into a measuring hopper equipped with an undercut
arc gate actuated by another air cylinder. Below this gate is a short,
5teep slide or chute that directs the ore into a 112-cubic-foot skip.
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It will be noted that the measuring hopper virtually has a bottom
discharge. This installation was made at the United Verde mine. 23

The average time required for loading the 112-cubic-foot skip was
7 seconds, and the spill from hoisting 2,000 tons per day was 6 tons.
Only one skip loader was required to handle this tonnage.

With some very sticky ores it is necessary to have a bottom:discharge
similar to those ShOWIl in figures 80 and 81, A, to preve~t the ore
from packing in the hopper.

With coarse, dry ore that does not pack, a front disc'harge such as
that shown in figure 81, B, may be satisfactory. In this installation

FIGURE 80.-Skip pocket at United Verde mine, Ariz., showing measuring hoppers.

storage is provided in the raise at the right. The ore breaks in large
chunks and the chute is provided with a finger gate. Themeasuring
pocket is discharged by raising the vertical guillotine gate. This
arrangement is very compact and requires only a small amount of
excavation around the shaft.

The illustrations show only a few of many skip-pocket installations
described in Bureau of Mines circulars and in the technical press but
serve to indicate the various types in common use. At some mines
the measuring pocket is a weigh-hopper, which, wheIl filled, auto-

23 Quayle, T. W., Mining Methods and Practices at the United Verde Mine, Jerome, Ariz.: Bureau of
Mines Inf. Circ. 6440,1931, pp. 20--21.
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matieally closes the main pocket gate or stops a belt or pan feeder
extending from the maiIl pocket to the hopper. The discharge gate
of the measuring pocket at some mines is opened automatically when
the descending empty skip reaches the loading position, and at others
the entire operation is automatic-opening and closing the main
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gate, filling the measure, and openIng nnd closing the gate on the
measure.

COST OF STATIONS AND POCKETS

There are few published data covering the cost of cutting and
timbering shaft stations and pockets. Except, perhaps, for the
simplest lay-outs, such as those for caging cars, they are not standard
ized and vary widely as to size, nature of support (\vhether natural
or of timber, steel, or concrete), ground conditions, type of gates
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and methods of operating them, and types of measuring hoppers and
details of their construction and operation.

The excavations may involve raising, drifting, crosscutting, stoping,
and sinking, and various methods for removing and disposing of
the broken rock may be employed. Broadly speaking, the cost of
actual excavation is roughly the same as for similar operations in
other mine developme:nts and in stoping, although work in close
proximity to the shaft may cost somewhat more owing to the care
required in blasting to avoid injury to the shaft. Thus drifting, cross
cutting, raising, and sinking costs would approximate those of driving
openings of the same size, which have been discussed under "Develop
ment." The cost of enlargillg smaller openings to form shaft stations
and ore pockets may be roughly the same on a tonnage or yardage
basis as for stoping in similar ground, except that support of the
ground must be of a permanent nature and therefore may cost con
siderably more. Thus it may be necessary to install heavy timbers
or structural-steel supports and concrete linings or to gunite the walls.

A few dftta on costs of excavating stations and pockets are given
below. At the Sylvarlite mine, Kirkland Lake, Ontario, costs of
cutting stations only on levels in 1931 were as follows. 24 The rock
was syenite and syenite porphyry.

Total excavation, 4- levels, 22,358 cubic feet 1

Breaking Hoisting Timbering Other costs Total Cost per
cu. ft.

Material .. ______________ $925
Laboc ____ 2,591
Overhead_____________________ 941

TotaL 4,457
Per cubic foot __ .. 0.199

1 From 1,703 to 9,000 cubic feet per station.

$263 $272
1,030 224
1,362 ------------

2,655 496
0.119 0.022

$114 $1,574 $0.070
292 4,137 .185
510 2,813 .126

----
916 8,524 .381

0.041 0.381 ------- --- --

The cost of cutting two stations comprIsIng 8,196 cubic feet of
excavation at the Vipond mine, Timmins, Ontario, was $2,885.49, or
$0.35 per cubic foot. The rock was a basaltic schist or greenstone.

Costs of level stations, pump rooms, ore pockets, and skip-loading
stations and equipment at Matahambre (Cuba) No.2 shaft in 1930
were as follows: 25

Costs per cubic yardl

Oubic Labor Supplies Power Totalyards
-----------

Level stations, pump stations, and sumps ____________ 2,315.6 $11.73 $7.90 $0.90 $20.53
Ore pockets, skip-loading stations, and equipmenL ___ 1,156 20.60 21. 01 1. 94 43.55

--------------
Total and averages ___________.___________________ 3,471. 6 14.69 12.27 1. 24 28.20

1 Oosts include excavation, timbering, concreting sumps and ore pockets, lining ore pockets with rails,
gates, measuring pockets, and structural steel for skip-loading equipment.

24 Jackson, Oharles F., and Knaebel, John B., Gold Mining and Milling in the United States and Oanada,
Ourrent Practices and Costs: Bureau of Mines Bull. 363, 1932, pp. 52-53.

25 Homer, Dudley D., Sinking and Equipment of the No.2 Shaft at Minas de Matahambre: Explosives
Eng.. vol. 11, No.2, February 1933, pp. 38-62.
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HOISTING

The following discussion is restricted to a consideration of hoisting
as the last phase of underground tra,nsportation and its relationship
to the other operations involved in the mining of ore. The design
and details of construction of hoists, cages, skips, and head frames
involves the application of mechanical and electrical engineering prin
ciples that are not within the scope of this bulletin.

The TIline operator, however, must specify the capacity of the hoist
ing equipment and limiting conditions, such as size of shaft compart
ments, tonnage to be handled, percentage of working time available
for hoisting ore and waste, number and depths of levels from which
hoisting is to be done, method of caging cars or loading skips, and
requirements for safety in operation. He is concerned primarily with
the cost of the equipment and its capacity for doing the \vork required
of it with maximum efficiency and reliability and with luinimum oper
ating cost. Maximum efficiency can be obtained only if ore-breaking,
loading, hauling, and hoisting be coordinated. Since the shaft is the
bottle neck of the mine, it is preferable to have extra hoisting capacity
to permit picking up of tonnage after unavoidable hoisting delays.

Reference has previously been made to buckets, cages, and skips,
the operation of loading pockets, and the various methods of hoisting
as they affect the shaft-station lay-outs. The advantages of skiphoist
ing, except for small-scale operations or under certain special conditions,
have been pointed out.

For caging cars, landing chairs usually are provided for the cages
to rest upon, thus permitting accurate spotting of the cage to match
the elevation of the station tracks and eliminating sudden strains on
the hoisting rope when the cars are run onto the cage. An alternative
for chairs is the use of chains fastened to the station timbers on each
side of the cage compartment and provided with a ring on the free
end, which the station attendant or eager slips under hooks on the
cage as it is lowered into landing position at the level. Gates on the
ends of the cage usually suffice to hold the car on the cage during
hoisting in the case of small cages and cars. With large cages and
cars it is preferable to have automatic horns or stops on the bottom
of the cage to hold the car in position.
. Modern ore skips usually are of the self-dumping type and in ver

tIcal shafts are overturned in the head frame by means of dump plates
(fig. 82). In this illustration, a cage is shown suspended below the
skip for handling men and supplies. Skips for inclined shafts usually
are built with four wheels, the rear pair of which have a wider tread
than the front pair. When the skip approaches the dump position,
the rear wheels ride up on one pair of rails set at a wide gage and
steep inclination, the front wheels drop between them and run on a
narrower-gage track set at a flatter inclination, and the skip is thus
tipped into the dumping position. On very flat inclines, the mine cars
may be hoisted directly on regular tracks.

Skips usually are constructed of steel, but in recent years the use of
aluminum-alloy skips has increased in deep shafts where large tonnages
are handled so as to reduce the tare load and correspondingly increase
the ore load that can be handled without altering the power of the
hoist. Skip capacity usually can be increased or decreased within
reasonable limits simply by varying the length of the s]~:ip and height
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of the head frame, whereas t,he size of the cage compartment will limit
the capacity of the car that can be employed with cage hoisting.

Usually ore is hoisted in balance, especitlily if the tonnage handled
is large and the shaft deep. For this purpose the shaft must have two
hoisting compartments with a skip (or cage) running in each and oper
ated by the same hoist; as one rope winds on over the top of the hoist
drum, the other unwinds underneath the drum, or vice versa. The
weights of the two skips (or cages and cars) are thus in balance and
the net load to be hoisted is only that of ore plus the difference in the
weights of the suspended ropes in the two compartments. This differ
ence in rope load is positive when the loaded skip is below the empty
one, zero when the two skips are at the same elevation in the shaft,
and negative after the :midpoint in the hoisting cycle is passed. If
hoisting is done from one level only, a single drum or two drums keyed
to the same shaft may be used. If hoisting is done from several levels,
one drum may be fixed on the shaft and the other clutched thereto to
permit equalizing the rope lengths when hoisting is done from inter
mediate levels. Sometimes a skip is run in one compartment in bal
ance with a cage in the other; or, if the output is small and the shaft
has only one hoisting compartment, a single skip or cage may be bal
anced by a counterweight running in a division of the pipe and man
way compartment or in a corner of the hoist compartment.

Hoist drums may be cylindrical, conical, or cylindro-conical, the
first being the most popular because of its lighter weight, short length,
lower first cost, simplicity, and adaptability to hoisting from several
levels. Also, the rope may be wound over on itself in two or even
more layers if necessary.

In very deep shafts and for heavy loads, however, the power re
quired to accelerate the load on a large drum diameter is very great
compared to the average power input during the hoisting cycle. To
overcome this, conical drums have been employed, whereby the load
is picked up on the small end of the cone and is accelerated gradually
as the rope winds 011 a larger diameter at each turn. Conical drums
are heavy, must be grooved, are large in diameter, and wide, and the
rope cannot be wound past the center of the face. They are not well
adapted to hoisting from several levels.

Conical drums have been superseded largely by cylindro-conical
drums for deep hoisting from a single level. These drums are conical
at the ends only, and the load is accelerated with the rope on the coni
cal portion, an_d winding is finished on the cylindrical portion. They
thus have all the advantages of conical drums and minimize their dis
advantages, since they may be lighter and shorter and the ropes can be
wound past the center. However, they are not well suited for hoisting
from a number of different levels.

Power for operation of mine hoists is an extensive subject by itself
and one that cannot be discussed in detail in this bulletin. Mine
hoists are commonly driven by electric, steam, compressed-air, or
gasoline power and each has its particular field, although the advan
tages of electric power favor its adoption where it is available, reliable,
and its cost is not prohibitive. An electric hoist does not consume
power or fuel when not actually in operation; accurate automatic
acceleration, speed, braking, and overwind control can be provided
readily, and first cost and maintenanc~ charges are comparatively
low. Electric hoists may be driven by either A. C. or D. C. motors.
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The first cost of an A. C. installation is considerably lower than that
of a D. C. installation and it is often satisfactory for small hoists

o

Shaft, c0U4r

FIGURE 82.--Skip, cage, and dump plate for vertical shaft.

and for hoisting heavy loads from deep shafts, especially when hoist
ing is done from only one level, but from the standpoint of speed
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~ I
lore hoisted

Hoist- Hoist
joj:l.

Depth of I Num,ber
Ore ing ICost of

'""""
load speed, Method of I IPower, eurrent, I Control and hoist-

~ Mine Hoisting method per per 8-hr. feet Dimensions and J:!1otor ing,0 of hOlst- loading safety devices
~ shaft, feet ing levels trip, shift, tons per Type of of drum, ratIng per

0 pounds min- drum tonI ute
inches 1

C;:)

~-- ----------------------
I H art 1e y-G r a n- 200 1 Cans____________ 1,200 3400±_______ 1,200 Hook to Cyl.; S. D ___ 75-h. p. D. C _.___ 4$0.03 f-3
I -- ---- -- ---- ------- ----- -- ---- ~
~

tham, Tri-State rope. to >-
0. dist. 2 $0.07 ZHartley, Tri-State 350 1 _____ do __________ 1,350 570__________ 1,200± _____ do _____ _____ do ______ 15 by 24___ Diesel, 120 h. p __ -- ------ ---------- ------ -- U1

dist. 5 f-O
Bur r a·B u r r a, I, 600 (70°) 13 Skips balanced__ 14,000 775__________ 700 Direct Cyl.; D.D __ 72 by 48___ 400 h. p. A. C., - ---- ------- ------ ---- - --- 0

Tenn.6 from car 2,300 V. ~
or pocket. 1-3

No. 8, Southeast 618 1 _____ do __________ 8,000 500±________ 750 Direct S. D.; CyL __ 72 by 66___ 250 A. C., 2,200 Lilly ____ .,. _______ .0445 >-
Missouri. 7 fro m V. 1-3

pocket. H
0

Mascot, Tenn.8____ 582 1 _____ do __________ 10,000 1,150± ______ - --- - - -- _____ do _____ -------------- ---- ---.----- ------------------ ------------------ .043 ZEngels, Calif. 1I _____ 830 5 _____ do __________ 4,000 450__________ 800 _____ do_ . ___ -------------- -- ...-- - ------- 150 h. p. electric_ - - - - - - -------- ---- --------
E i g h t y-F i v e, 1,650 13 _____ do __________ 6,000 ---- -- -- -- - --- 1,000 Measuring -------------- ---- ---- ---- Electric________ ~ 0- _________________ .24 0

N.Mex,lo hopper. l-:::j
Verde C en tral, 1,330 10 D 0 ubI e-d e c k 2,000 300__________ 1,100 Caging_____ ---- ---------- ----------_ ... D. C _______ ~ ____

- - -- -- -- ---------- --------
Ariz'!! c age s b a 1- 0

anced. ~
Eustis, Quebec, 6,350 1 Skips, balanced_ 7,000 71,709 (l yr.)_ 750 Measuring D. D.; CyL_ 96 by 48___ 250 h. p _________ Lilly____________ .2668 ~

main shaft. 12 (45°±) hopper. >M~a~o£~ft~' J., \ 1,200 (64°)
1 _____ do __________ 6.000 500±________ 700 _____ do_ . ___ ------------ -- -- -- ---- ---- Two 125-h. p. __ .___ do __________ --------

D. C. motors. ~
Hog Mountain, I 215 1 C age, un bal- 2,000 68___________ Caging_____ S. D.; CyL __ -- - - - - -- ---- 50-h. p., 220 V. - - - - - - - --- -- ------ .127 C

Ala.14 anced. D.C.
~Mat a ham b r e, 2,000 2 Skips, balanced_ 10,000 1,000________ 1,000 Measuring D. D.; CyL_ 120 by 78 __ 508-h. p. av., 450 'V. L. 1., Lilly___ ---- - ---

Ouba,15 (ultimate hopper. V., D. C,16 >
4,000) (1) _____do __________ 8,000 6,600________ 1,600 -- --- -- ------

_____ do ______ _____ do ____ 765-h. p. av______ T. L. S___ ._______ ---- ---- W
PHares, l\..fexico 17 __ 18 2,200 3 _____ do __________ 8,000 -- -- -- ---- -- -- 1,200 _____do _____ _____ do ______. 108 by (?) _ 400-h. p. D. C., -- - - - - - - -- - --- ---- ----- --- 1-3

300V. t:rJ
U nit e d V e r d e, 20 2,400+ 71 _____ do __________ 12,000 2,000________ 890 _____ do _____ _____ do______ _120 by 60__ 650-h. p. 500 V., W". L. L ________ --------

Ariz.!Q to D.C.
16,000

M c I n t y r e. 0 n- 4,125 1 _____ do __________ 12,000 1,OOO± ______ 3,000 _____ do _____ ____ do ______ _144 by 96__ 2,45O-h. p. D. C_I 'V. L. 1. Whit-
tario.21 more overwind

and overspeed.

See footnotes at end of table.
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TABLE 32.-Hoisting data-Continued ~
~

~

Hoist- Hoist
Ore ing Cost of

Depth of I Number I I load Ore hoisted speed, Method of Power, current, Control and hoist-
Mine shaft feet .of hoist- Hoisting method per per 8-hr. feet loading IDimensions

and motor safety devices ing,
, mg levels trip, shift, tons per Type of of drum, rating per

pounds min- drum inches ton
ute

Hecla, Idaho"- - -J 20 2,800 1---7-?1 Skips, balanced-' 14,000 500±________ 2,400 IDirect D. D ________ 120 by 72 __ 2,100-h. p. D. C., I w. L. L ________ .________
fro m 500V.

Argonaut, Calif,23 __
pocket.

5,800 (70°) 50rmore. _____ do __________ 7,100 130±________ 900 _____ do _____ Cyl.; D.D __ 96 by 47___ 500-h. p. A. C ___ M. S. & L. R., $0.519
O.W.andO.S.

~Butte and Super- 3,700 Several _____ do __________ 14,000 250±________ 2,300 _____do. ____ ____ .do_______ 108 by 94 __ 2,0OQ-h. p. 500 V., Welch O. W. --------
ior, Mont. 24 D. C. and O. S. t:rj

Eureka Standard, 1,424 5 Skips or cages, 4,000 200 (ore and _____ do _____ _____do_______ 42 by 54___ 200-h. p. A. C ___ .490 H
------_.- - - - - -------------- >-Utah. 25 balanced. 26 (skip) waste). t"1

2,000 I

Inspiration, Ariz,27_1 630 I 2 I Skips
(cage) ~

in bal- 25,000 29 3,800, 30 5,300 750 Automatic _____do _______ 120 by 65 __ 585-h. p. D. C. __ W. L. I., hand -------- H

ance. 28 measur- or automatic. Z
ing hop- H

per. ~
Miami, Ariz.". ____ I

811 I 1 1_ - - - - do - - - - - - - - - _1 21' 000 1 7'500± caP-\2' 250 I~ -i-~- ~-~- ~-
______ do. _____ -- - - - - - - - - -- Two 1,400-h. p. W.L.L ________ .033 Q

acity. D. C. motors.
t-dMesabi, Minn. J2 ___ 256 1 "____ do __________ 6, 000 400±________ 1, 000 Cyl.;S.D ___ 60 by 72 __ 50-h. p. A. C ____ Automatic ______ ------ --
~fro m >

Montreal No.5, [ 3,000; 2,300 I 41-----dO- _________ 1 17' 920 1 1'800_ - ------1 1' 850
pocket. 0IMeasuring Cyl.;D.D __ 96 by 96. __ 2,300-h. p. D. C __ W.L____________ 34.158 HWis. 33 avo

___ ~~gt.e~~.__
I--l

Mt. Isa, Queens- 700 (No. 4 2, most- _____ do __________ 18,000 2,250 to 2,700 1,890 _____do_______
---- - - --- - -- 1,525-h. p. D. C __ W. L. manual or - ------- 0

land.3s level); lyfrom from No. remote. tr.j

875 (No. No.4. 4.

EIPotosi, Mexico: 36
5 level).

No.1 shq,fL ____ 2,777 ----------
_____ do __________ 8,800 675± ________ 1,500 _____ do _____ _____do_______ 96 by 78 ___ 700-h. p. D. C __ 'V. L. I.; L. S. I .08

Lilly.
No.5 shafL ____ 2,587 - ---------

_____do __________ 6,600 525±________ 1,200 _____ do _____ _____ do ______ 84 by 72___ 400-h. p. D. C ___ _____ do __________ 1______ --

Hollinger, On- 3,125 1 _____ do __________ 12,000 1,800 capac- 3,000 _____ do. ____ _____do_______ 120 by ]44_ 2,000- h. p. A. C _ Lilly O. W., O. .168
tario,3i (2 dupli- ity, 1 hoist. S.
cate hoists.)

Frood No.3, On- 3,045 1 _____ do __________ 22,000 - - -- - - - - ------ 3,000 _____ do _____ .. ____ d 0 ______ 144 by 84 __ 3,200-h. p. D. C __ W. L. 1_________
1
______ --

tario.3s
Frood No.4, On- 3,645± 1 _____ do __________ 20,000 -------------- 2,000 _____ do _____ _____ do ______ 144 by 96 __ 2,000-h. p. D. C _ do

tario.



1 Diameter by face.
2 Keener, O. W., Methods and Oosts of Mining at the Hartley-Grantham Mine, Tri

State Zinc and Lead District: Bureau of Mines Inf. Oirc. 6286, 1930, 8 pp.
3 It is reliably reported that 150 cans, or 90 tons per hour, can be hoisted by this system

from depths of 250 to 300 feet.
4 Average reported cost for all mines of the Tri-State district hoisting in cans.
II Anderson, O. N., Mining Methods and Oosts at the Interstate Zinc and Lead Oo.'s

Hartley Mine, Tri-State Zinc and Lead District: Bureau of Mines Inf. Oirc. 6656, 1932,
16pp.

6 McNaughton, O. H., Mining Methods of the Tennessee Oopper 00., Ducktown,
Tenn.: Bureau of Mines Inf. Oirc. 6149, 1929, 17 pp.

7 Poston, R. H., Method and Oost of Mining at No.8 Mine, St. Louis Smelting & Re
fining Co., Southeast Missouri District: Bureau of Mines Inf. Oirc. 6160, 1929, 22 pp.

8 Ooy, H. A., Mining Methods and Costs, American Zinc 00. of Tennessee, Mascot,
Tenn.: Bureau of Mines InL Oirc. 6239, 1930, 11 pp.

1J Nelson, W. 1., Mining Methods and Costs at the Engels Mine, Plumas Oounty,
Calif.: Bureau of Mines Inf. Circ. 6260, 1930, 22 pp.

10 Youtz, R. B., Mining Methods at the Eighty-Five Mine, Oalumet and Arizona
Mining Co., Valedon, N. Mex.: Bureau of Mines InL Circ. 6413,1931,26 pp.

11 Dickson, R. H., Methods and Oosts of Mining Copper Ore at the Verde Oentral
Mines (Inc.), Jerome, Ariz.: Bureau of Mines InL Oirc. 6464, 1931, 13 pp.

1.2 Snow, Fred W., and Brownbill, H. F., Mining Methods and Costs at the Eustis
Mine: Canadian Min. and Met. Bull. 286, February 1936, Transactions Sec., pp. 70-85.

13 Sweet, J. R., Mining Methods and Costs at the Mount Hope Mine of the Warren
Foundry & Pipe Oorporation, Mount Hope, N. J.: Bureau of Mines InL Oirc. 6601,1932,
31 pp.

14 Johnson, N. 0., Mining and Milling Methods and Costs, Hog Mountain Gold Min
ing & Milling Co., Alexander City, Ala.: Bureau of Mines Inf. Oirc. 6914,1936,23 pp.

Iii Richert, G. 1.,Mining Methods at Minas de Matahambre, Pinar del Rio, Ouba:
Bureau of Mines InL Circ. 6145, 1929, 18 pp.

16 Horsepower 'given is average input to M. G. set.
17 Leland, Everard, Mining Methods and Oosts at the PHares Mine, PHares, Sonora,

Mexico: Bureau of Mines Inf. Oirc. 6307, 1930, 34 pp.
18 Depth limit of hoist, 2,500 feet.
19 Quayle, T. W., Mining Methods and Practices at the United Verde Mine, Jerome,

Ariz.: Bureau of Mines Inf. Oirc. 6440, 1931, 31 pp.
20 Below haulage-tunnel level.
21 Skavlem, H. G., Mining Methods and Oosts at the McIntyre Porcupine Mines, Ltd.,

Schumacher, Ontario: Bureau of Mines Inf. Oirc. 6741, 1933, 19 pp.
22 Foreman, O. H., Mining Methods and Costs at the Hecla and Star Mines, Idaho:

Bureau of Mines Inf. Oirc. 6232, 1930, 21 pp.
23 Vanderburg, W.O., Mining Methods and Oosts at the Argonaut Mine, Amador

County, Oalif.: Bureau of Mines Inf. Circ. 6311, 1930, 14 pp. .

24 McGilvra, D. B., and Healy, A. J., Methods and Oost of Mining at the Black Rock
Mine, Butte & Superior Mining 00., Butte District, Mont.: Bureau of Mines InL Oirc.
6370, 1930, 16 pp.

25 Gardner, E. D., Mining Methods and Costs at the Eureka Standard Mine: Bureau
of Mines InL Oirc. 6851, 1935, 14 pp.

26 Oan hoist with 2 skips in balance, 1 skip and 1 cage in balance, or 2 cages in balance.
Oages used for transferring waste between levels.

27 Stoddard, A. 0., Mining Practice and Methods at Inspiration Oonsolidated Oopper
00., Inspiration, Ariz.: Bureau of Mines Inf. Oirc. 6169, 1929, 23 pp.

28 2 duplicate hoists.
29 1 hoist using automatic control.
30 1 hoist using manual control from loading floor.
31 Maclennan, F. W., Miami Oopper 00. Method of Mining Low-Grade Ore Body:

Am. Inst. Min. and Met. Eng. Tech. Pub. 314, 44 pp.; also Trans. Am. Inst. Min. and
Met. Eng., vol. 91, 1930 (Yearbook), pp. 39-86.

32 Haselton, W. D., Underground Mining Practice and Oosts at a Mesabi Range
(Minn.) Mine Using the Top-Slicing System: Bureau of Mines Inf. Oirc. 6325, 1930, 11 pp.

33 Schaus, O. M., Mining Methods and Oosts at the Montreal Mine, Montreal, Wis,:
Bureau of Mines Inf. Oirc. 6369, 1930, 29 pp.

34 Includes also cost at 1 inclined shaft.
35 Kruttschnitt, J., and Mann, V. 1., Mining Methods and Oosts at the Mount Isa

Mines, Ltd., Queensland, Australia: Bureau of Mines Inf. Oirc. 6978, 1937, 35 pp.
36 Walker, Harlan A., Mining Methods and Oosts at EI Potosi Mine, EI Potosi Mining

00., Ohihuahua, Mexico: Bureau of Mines Inf. Oirc. 6804, 1934, 38 pp.
37 Oanadian Min. Jour., September 1935, pp. 391-395.
38 Oanadian Min. Jour., vol. 58, No. 11, 1937, pp. 605-607.

NOTE.-Abbreviations used in table are as follows:
Oyl.=Oylindrical.
S. D.=Single drum.
D. D.=Double drum.
D. O.=D,irect current.
A. C .=Alternating current.
V.=Volts.
W. L.=Ward-Leonard.
1. = Ilgner fly-wheel set.
T. L. S.=Track limit switches.
O. W.=Overwind device.
O. S.=Overspeed device.
M. S.=Master switch.
L. R.=Liquid rheostat.
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control it is not as satisfactory as D. C. installations. Large-capacity,
higll-~peed~ D. C. hoists usually are provided with Ward-Leonard
control, and braking is electrical, although mechanical brakes are
employed for locking the hoist at the end of the trip. In the Ward
Leonard system, a motor-generator set driven by an induction motor
supplies D. C. current to the hoist motor. The generator of the set
and that of the hoist Inotor are excited separately. The generator
field is reversible and can be varied from zero to full voltage in either
direction by resistances that cause the pressure and current of the
hoist motor to vary, likewise, from zero to maximum. In the Ward
Leonard-Ilgner system a heavy flywheel is added to the nlotor
generator set to equalize the power demand during the hoisting cycle.

Gas-engine drive for mine hoists is restrieted to small installations
in reInote districts where electric energy is not available and the cost
of solid fuel for steam production is exeessive. Where fuel oil could
be used for making steam it probably would be preferable to use oil
in Diesel engines for produeing electrical energy. Small gasoline
hoists, however, have their place and often are the most economical
installation for prospecting and other small-scale work. Compressed
air hoists are very uneconomical in the use of power but are sometimes
useful as a telnporary expedient for sh.ort-lived underground installa
tions, and for sinking operations pending the installation of a per
manent hoist.

Table 32 presents data on a number of typical hoisting installations
of various types and capacities.

The hoists lnentioned in table 32, with one exception, are operated
electrically. }1~lsing 26 has given some data on hoisting with steaIn
at the Sacramento shaft, Bisbee, Ariz. The sllaft is vertical and the
total cost of hoistiIlg by steam during 1914 and 4 months of 1915
was 7.1 cents and 6.9 cents, respectively, per tOIl of ore, and comprised
the following iteIns:

Cents per ton hoisted

Item

Steanl 1 _

Electricity ~ _
Engineers _
Oilers _
Skip loaders _
Miscellaneous _
Hoist repairs _
Cage repairs -- - _- - - - - - - - - __ - _
Ore pockets _
Ropes _

Total _

1 Cost of steam at the boiler house/was 45 cents per 1,000 pounds.

1914

1.9
. 1
.9
.5

1.2
. 1

1.3
.4
.2
.5

7. 1

4 months
1915

2.3

1.0
.5

1.0
.4
.6
.3
.5
.3

6.9

At the MOIltreal mine,27 hoisting at the No.4 shaft was done with
steam in 1928. The lowest level was about 2,700, measured along the

26 Elsing, Morris J., Cost of Hoisting Lowest at Porphyry Mines: Eng. and Min. Jour., vol. 135, No.2,
February 1934, pp. 59-62.

27 Schaus, O. M., Mining Methods and Costs at the Montreal Mi.ne, Montreal, Wis.: Bureau oJ Mines
Inf. Circ. 6369, 1930, 29 pp.
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627~O inclined shaft. Hoisting was in balance with skips of 5-tOll
capacity. During 1928, cost of hoisting 450,000 1011g tons was
$0.189 per ton.

TRANSPORTATION OF WASTE
The handling of waste through waste passes and its transportation

in cars on the levels and in shafts have been mentioned in the fore
going pages. Methods of handling waste depend on its source and
whether the waste is to be utilized as filling in stopes for support of
the walls, or is merely to be disposed of as cheaply and conveniently
as possible.

Waste rock from development work may be sent to the surface and
disposed of there or may be used as stope filling. If possible to do so,
it is often cheaper to dump it in worked-out open stopes than to hoist
it, even. though it may not be required for ground support. In any
event, its handling alld transportation are sometimes a major problem.

It is often necessary, where filled-stope methods oflnining are em
ployed, to obtain additional waste from outside sources, such as waste
stopes, surface quarries, or gravel pits, which introduces another
transportation problem. The handling of waste and other filling
material in the stopes themselves will be discussed later under Stoping
Methods.

Development rock must be distributed in cars from scattered col
lecting points to the tops of the stopes where it is required and in
filled-stope methods of mining it must be transported when and in
the quantities needed to avoid delaying ore production. Unless work
is well organized the transportation of waste will interfere with
llauling and hoisting of ore. The use of waste storage raises or pockets
has been mentioned already as an aid to avoidance of this trouble,
and, as previously indicated, it is sometimes advisable to drive separate
waste and supply drifts in the hanging wall to separate ore and waste
tramming operations.

Development rock frequently must be hoisted from a lower to a
higher level in the mine; usually, deep mines are developed and worked
from the top down, with most of the stoping above the levels where the
principal development work is being done. Rock from the lower
levels may be hoisted in the cars on cages and taken off on the level
where it is to be dumped. Where only skips are available for hoist
ing, there are three alternatives: (1) Hoist to surface and dispose of
it there; (2) hoist to surface and dump into a main waste pass, whence
it can be drawn off into cars at any desired level; (3) provide dump
plates in the shaft and waste pockets at intermediate levels, where it
can be drawn off into cars as needed. The second is the preferred
alternative if the rock is needed for stope fill, and the third may be
employed where the rock is needed for fill, though it is not very
satisfactory and rarely is used.

Where wa~te filling is procured from surface glory holes, tailing piles,
or gravel pits, main waste passes are to be preferred. These may be
raises to surface, as previously discussed, or large bore holes. The
practice at Matahambre, Ouba, where sands are settled out from the
mill tailing and piped with water down raises through rubber-lined
pipe and thence to the stopes is reported to be very successfu1.28

28 Richert, George L., Mining Methods at Minas de Matahambre, Pinar del Rio, Cuba: Bureau of Mines
Inf. Circ. 6145,1929,18 pp. Filling Stopes with Mill Tailing: Eng. and Min. Jour., vol. 127, No.9, Mar. 2,
1929, p. 348. Homer, Dudley D., Rubber Pipe Lining Minimizes Pulp Abrasion: Eng. and Min. Jour.,
vol. 132, No.8, Oct. 26, 1931, pp. 367-368.



220 METAL-l\1:INING PRACTICE

If ore and waste must be handled in the same shaft, particularly if
on the same cages or skips, waste hoisting obviously interferes with ore
hoisting, alld vice versa. If the capacity of the hoisting equipment
is small, it is apparent that this condition may be very serious. It is
the practice at some mines where there is more than one hoisting
shaft to reserve one of them exclusively for hoisting ore. At other
mines ore is hoisted in skips and waste ill cars on cages in separate
compartments of the same shaft.

UNDERGROUND TRANSPORTATION OF EQUIPMENT, MATERIALS, AND
SUPPLIES

It is essential to efficient operation that equipment, materials, and
supplies required in the conduct of mining operations be handled with
dispatch so that they may be available in the quantities required
when and where needed. If the supply of timber or sharp drill steel,
pipe fittings, or other materials convenient to the working place is
inadequate for needs, it is often impossible to complete a round in a
stope or heading during the shift. On the other hand, storage of
too great a supply of materials underground where they may deterio
rate rapidly and will tie up capital unnecessarily is to be avoided.

A properly stocked warehouse on surface with facilities for eco
nomical transportation of supplies to strategically situated distributing
points underground will do much to increase general efficiency.
Where steel, explosives, timber, pipe, and pipe fittings are stocked in
small quantities underground they should be stored at places con
venient of access by the miners so that a minimum of time may be
lost in removing them to the place where they are to be used. From
experience in mine operation and observations in hundreds of mines,
it is evident to the authors that a vast amount of time and energy is
wasted by miners in gathering supplies, which could be spent more
effectively at the working face.

The principal items of supplies and equipment that must be handled
are timber, drill steel, explosives, pipe and fittings, rail, rock drills,
drilling gear, and mountings.

In mines employing square-set, top-slicing, stringer-set-and-fill, or
sublevel-caving methods of mining it is necessary to handle large
quantities of timber. Even where other methods are employed, con
siderable timber may be required for timbered haulageways, chute
construction, cribbed or timbered ore and waste passes, and stull
supports in stopes.

Some mines in hard or abrasive rock use large quantities of drill
steel, and it is often a problem to take in sharp steel and bring out
dull steel without serious interference with the tramming and hoisting
of ore. The handling of explosives is a special problem, requiring as
it does observance of safety precautions and restrictions on the quan
tity that can be handled and lawfully stored in anyone place.

Many large mines make it a practice to handle timber, drill steel,
and explosives, as well as other supplies used in large quantities,
between the regular shifts when the shaft and haulageways are other
wise free. This, of course, entails the employment of a special crew
for this work, which may not always be economical in small mines
where this crew is not kept busy during its entire shift.
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At shaft operations much time can be saved by providing a long
cage in one compartment upon which timber, steel, and powder

OChain

I : I
I I I
L __ J I
___ J

A

, t

I'
II

I I I
II I

I I
I

: IrI
" Irl~lJl ,'1

: I I:
, I I,
I' II

~- :
I'

I;

:roc: ]I

~----32"--------0. l....·-....,.-~-~---- 45"
~
10 0 :~I 0 ,.0 ~:

~ ~:,f~

b 0'

c:.g
ell
elle
u

"'..:.::
oo
.c:
"0
c:
:::J
o

t~

"*0

,1...---3'9"----.1.,

FIGURE S3.-Supply trucks. A, Drill steel car for small cage. B, Timber crate. 0, All-steel timber
truck.

trucks can be run and taken off at the various stations without the
necessity of rehandling between the timber yard, shop, or powder
magazine on surface and the place of delivery underground. In adit
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or tunnel operations suitable trucks for each type of supplies may be
provided to facilitate handling. Where timber and steel must be
handled on small cages or skips, much time is often consumed stacking
it on end in tIle cage a few pieces at a time and taking it off again on the
level. Some mines with small cages save considerable time by using
a steel car in which all but the longest steels can be stood on end.
(Fig. 83, A.) Cars of this type are not suitable for rapid transporta
tion as they have a short wheel base and when loaded are top-heavy.
Where the cage is long it is more convenient to rack the steel hori-

2f plank liner - :: Welded chain

A
SIDE ELEVATION Rollers not shown

Skip rollers centers at Al A2 A3 A4

Chains rx 33'" long ...........

Weight complete, 310 pound~

- ;- - -: -, - -: - -- -:~ --
1 I I I I

!-------- 5'-------
PLAN

B

fx 20" bolt?

~~~~~~~~~~~b~!..."mildsteel
, I I I ", '_oJ __ _ _ ~ _ ~ 1-1, - -,.-

1 I I I I: i' U'bolt
I I I I I II 2 I

END VIEW SIDE VIEW
fi strap iron

FIGURE 84.-A, "Boat" for hOisting supplies into stapes. B, Timber cage for hoisting timbers into stopes.

zontally on a long truck provided with separate compartments for
each length or gage of steel.

Figure 83, B, shows a "crate" used for transportation of timber at
the United Verde Extension mine, and figure 83, C, shows an all
steel timber truck with removRble side stakes employed at the Mon
treal mine (Wisconsin).

The use of so-called tugger hoists for hoisting timber, drill steel,
and other supplies into stopes through stope or service raises has
become almost universal and saves a great deal of time and arduous
labor. Figure 84, A, illustrates a "boat" employed at the Park
Utah mine for hoisting supplies into stopes. The boat operates in a
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V-shaped trough slide made of 2-inch plank and is equipped with
rollers to reduce the wear on the boat and slide. Figure 84, B,
depicts a timber cage that slides on runners over a planked bottom
in one side of the stope manway. '

STOPING

The subject of stoping has been discussed at considerable length by
Jack.son aIld Gardner in a Bureau of Mines bulletin.29 Data in this
bulletin were compiled principally fronl tIlose presented in reports,
dealing witll methods and costs at about 75 individual mines, pre
viously published ill information circulars. The principal mining
methods have been summarized in a series of information circulars as
follows:

lnf. Circ. 6193.-Mining Ore in Open Stopes, Central and Eastern United
States, by Chas. F. Jackson. 1929. 36 pp.

lnf. Circ. 6293.-Shrinkage Stoping, by Chas. F. Jackson. 1930. 54 pp.
lnf. Circ. 6350.--Undercut Block-Caving Method of Mining in Western Copper

Mines, by E. D. Gardner. 1930. 44 pp.
lnf. Circ. 6410.-Mining by the Top-Slicing Method with Some Notes on

Sublevel Caving, by Chas. F. Jackson. 1931. 51 pp.
lnf. Circ. 6688.-Cut-and-Fill Stoping, by C. H. Johnson and E. D. Gardner.

1933. 58 pp.
lnf. Circ. 6691.-Square-Set System of Mining, by E. D. Gardner and William

O. Vanderburg. 1933. 73 pp.
The following discussions of stoping have been condensed from the

earlier bulletin, whereas the earlier cost data have been amplified by
data from subsequent reports.

In this bulletin, the term "stoping" is employed in_ its broader sense
to mean the operation of excavating ore by means of a series of hori
zontal, vertical, or illclined workings in veins or large, irregular bodies
of ore or by rooms in flat deposits. It covers the breaking of ore and
its removal from underground workings, except those driven for ex
ploration and development, and the timbering or filling of the stopes
for the purpose of support.

Ore deposits vary greatly in their physical characteristics and with
respect to the economic problems involved in their exploitation.
Various methods of stoping have been devised for extracting tIle ore
safely and economically from deposits of different types, and a nomen
clature has been developed for use in referring to the various methods.
Some of the terms are descriptive and require no interpretation,
whereas others, particularly those applied to variations of the prin
cipal methods, are not. Among the variations are those bearing the
names of mines at which they were devised or the names of the
originators.

Basically, the stoping metIlod or methods that can be applied to a
given ore body depend on the requirements for support of the stope
the maximum area or span of back and walls that will be self-support
ing during the removal of the ore; the nature, size, and interval be
tween supports required to maintain the backs and the walls of the
excavations; and the requirements for permanently supporting the
overlying and surroullding country rocks and overburden to prevent
their movement and subsidence. Variations of the principal methods
of stoping may be based upon the direction or angle of working,
sequence of operations, or methods of handling the broken are.

29 Jackson, Chas. F., and Gardner, E. D., Stoping Methods and Costs: Bureau of Mines Bull. 390, 1936,
2gepp.
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STOPING METHODS

A classification of stoping methods based upon method of support
was adopted by the Mining Division of the Bureau of Mines in 1928.
This classification has been used ever since as a basis for describing
methods in its publications dealing with mining methods and costs
and is as follows:

Classification of stoping methods

A. Stopes naturally supported.
1. Open stoping.

(a) Open stopes in small ore bodies.
(b) Sublevel stoping.

2. Open stopes with pillar supports.
(a) Casual pillars.
(b) Room (or stope) and pillar (regular arrangement).

B. Stopes artificially supported.
3. Shrinkage stoping.

(a) \Vith pillars.
(b) Without pillars.
(c) With subsequent waste filling.

4. Cut-and-fill stoping.
5. Stulled stopes in narrow veins.
6. Square-set stoping.

C. Caved stopes.
7. Caving (ore broken by induced caving).

(a) Block caving; including caving to main levels and caving to chutes
or branched raises.

(b) Sublevel caving.
8. Top slicing (mining under a mat that, together with caved capping, follo,vs

the mining downward in successive stages).
D. Combinations of supported and caved stopes. (As shrinkage stoping with

pillar caving, cut-and-fill stoping with top slicing of pillars, etc.)

Forced caving (a method employed at several very large mines and
therefore important) has heretofore been classed by the Bureau as a
variation of shrinkage stoping. In reality it is intermediate between
shrinkage (supported) stopes and caved stopes, as far as support is
concerned. The ore is broken by large blasts, and considerable caving
often follows the blasts, yet the operation is fundamentally quite
different from natural caving induced by undercutting, as in block
caving or sublevel-caving systenls.

A. STOPES NATURALLY SUPPORTED: OPEN STOPES

Stopes naturally supported are those in which no regular artificial
method of support is employed, although occasional props, cribs, or
stulls may be used to hold local patches of insecure ground. The
walls and roof are self-supporting. The simplest form of open stope
is that in which the entire ore body is removed fronl wall to wall with
out leaving any pillars (fig. 85). It is applicable to relatively small
ore bodies, as there is a limit to the length of unsupported span that
will stand without support even in the firmest and strongest rocks.
In sublevel stoping the ore is excavated in open stopes, retreating
from one end of the stope toward an entrance at the other end (fig. 86)
on each of a series of sublevels that are usually 20 to 25 feet apart
vertically but may be 40 feet or more apart.

In open stopes with pillar support, the length of unsupported span
is reduced by leaving pillars of ore. These pillars may be of the irregu
lar or "casual" type, their position and size being determined by
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localized ground conditions (fig. 87, A), or may be regular in size and
arrangement, conforming to a predetermined pattern (fig. 87, B).

Open stoping is ttpplicable to deposits of strong, firm ore having
strong, firm walls. In the narrower deposits (30 to 50 feet wide) the
ore often can be mined the full width in one operation without the use
of pillars. In wide deposits it usually becomes necessary to leave solid
pillars to reduce the length of unsupported span and thus prevent the
failure of back or walls. When "casual" pillars are used, it frequently
is possible to leave low-grade ore within the ore body as pillars, at
least in part, and thus make possible more complete recovery of the
higher-grade ore. In general, casual pillars are used in the firmest
type of ground and in deposits of variable thickness where their size
and spacing can be proportioned to suit the conditions of the back
and the height of the ore. Often a somewhat higher percentage of
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FIGURE 85.-0pen stoping without pillars in small ore bod~es.
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the ore is recovered than where a regular room-and-pillar system is
employed. .

A regular room-and-pillar pattern is applied chiefly to relatively
thin, regular, flat-lying beds, where the roof must be definitely and
permanently supported, in other words, where it is not safe to rely
on personal judgment of the foreman or boss as to the amount of
pillar support required at individual local points.

In the sublevel variation of open stoping, the stope faces retre.at
from the end of the ore bod:y or stope limit longitudinally or (where the
stopes are run across the lode) from one of its walls. The miners- are
always working under solid backs and have a safe avenue of retreat
through the subdrifts to the manway raises. Slabbing of roof or walls
at the worked-out end of the stope does not endanger the miners and,
if the stope is worked back rapidly, usually will not cause serious
dilution of the broken ore with waste. This system is applicable to
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wide, thick, irregular masses of ore that stand well without artificial
support and that have firm walls and to thick, tabular ore deposits
that dip 50° or more (and, by using scrapers for removing broken ore,
to flatter deposits). It may be used successfully in weaker ground than
could be worked safely by other open-stope systems, as the miners are
always protected by solid ground overhead. Large open stopes are
mined by this method wllere the ore is so soft th.at it can be drilled
with auger steel, and the method can be applied where the ore is too
weak to be safely minable by shrinkage stoping.

B. STOPES ARTIFICIALLY SUPPORTED

1. SHRINKAGE STOPING

In shrinkage stoping the ore is mined in successive flat or inclined
slices, working upward from the level or the bottom of the block of ore.
After each slice or cut, enough broken ore is drawn off from below to
provide a working space between the top of the pile of broken ore and
the back of the stope (fig. 88). Usually about 35 to 40 percent of tIle
ore will be drawn off during active minillg in the stope. The remain
ing ore serves as a floor upon which to work in drilling the back: for
the succeeding cuts and also provides some support of a temporary
nature to the stope walls. For this reason shrinkage stopes are con
sidered to be a form of artificially supported stope, although undoubt
edly there are good reasons why some consider them to be open stopes.

In narrow veins or lodes and those of moderate width, the stopes
usually are run longitudinally and are mined from wall to wall without
leaving pillars, except locally, to support bad ground or where the ore
is too low-grade to be mined profitably. In wide ore, to reduce the
unsupported span of the stope back, it may be necessary to mine the
ore in a series of transverse stopes between intervening pillars of ore.
The stopes then end against the walls of the vein and the sides are
vertical pillars of ore.

After active mining has been completed to the level above or to the
floor pillar, the rest of the broken ore is drawn off from below, leaving
the stope empty. It may be filled witll waste later to prevent general
movement and subsidence or to permit mining of pillars left between
stopes during the first mining.

Stulls may be employed during active mining to support local
patches of insecure ground. Where the width is not too great, they
often are employed when the stope is being emptied to protect tIle
miners from falls of loose ground while cleaning down broken ore that
has hung on the footwall and recovering ore that was left in the walls
during stoping. Stulls 30 to 40 feet long have been used for this pur
pose,3° but the safety and adequacy of this type of support are ques
tionable for widths as great as this. While stulling from the top down
during drawing of tIle stope, the miners stand on the top of broken ore
while placing the timbers to support patches of insecure wall rock.
After the ground has been secured thus, drawing and cleaning down
are resumed.

Shrinkage stoping is applicable to bodies of strong, firm ore enclosed
between firm \valls that will not slab or slougll off to any great extent

30 Dye, Robert E., Mining Practice and Oosts of the Vipond Mine, Timmins, Ontario: Bureau of Mines
Inf. Oirc. 6525, 1931, p. 7 and fig. 6.
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after standing for a considerable time. The method is applied most
frequently to relatively thin, tabular deposits dipping at angles
greater than 50 0

, in which few waste inclusions occur and which have
fairly regular walls. By carrying transverse stopes separated by
pillars, it may also be applied to wide, tabular deposits as indicated
above.

The "forced-caving system" may be considered a variation of this
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FIGURE 87.-A, Open stoping with casual pillars. B, Open stoping with regular pillars.

method and is employed for the nonselective mining of large, thick
masses of ore at the Alaska-Juneau, Beatson, Climax Molybdenum,
Britannia, and other mines. Figure 89 depicts the mining cycle
used at Alaska-Juneau and figure 90 that at Beatson. In both cases
the ore is broken down by large blasts into stopes that are kept partly
full of broken ore (as in shrinkage stoping). The large blasts break
ore directly into the stopes and have the further effect of shattering
additional ore, part of whicll then caves. At both mines the miners
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come down through raises from the level above. At Juneau, small
po\vder drifts (sometimes termed "coyote" drifts) are driven from the
raises. Charges averaging 4,000 pounds of 40-percent dynamite
aTe placed in the powder drifts segregated in t\VO piles 35 or 40 feet
apart. Three to five such piles make up the usual blast. At Beatson,
however, a similar result is accomplished by drilling, from enlarge-
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ments in the raises, a large number of long holes, which are loaded
and fired in one blast.

For the successful use of the ordinary shrinkage-stoping method
the ore must be strong and stand well, as the back of the stope under
which the men must \vork is unsupported except for occasional props
or stulls that may be set to hold loeal patches of loose ground. Al-
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though the broken ore left in the stope affords support to the walls
until drawing begins, unless the walls are firm they may slough or
even collapse during and after drawing and cause serious dilution of
the ore.

2. CUT-AND-FILL STOPING

In cut-and-fill stoping the ore is excavated by succeSSIve flat or

\

D E
FIGURE 90.-Mining system employed at Beatson mine, Latollche, Alaska. A, Ideal vertical section

parallel to strike showing levels, branch raises, stopes, and pillars. B, Section of 202 stope, preparation
completed and stope undercut. C, Section of 202 stope after 2 months' mining. D, Same stope after 6
months' mining. E, Plan and section of typical long round in raise bench in hard ground.

inclined cuts or slices, workiIlg upward from the level as in shrinkage
stoping; but after each cut, all the broken 'ore is removed aIld W3,ste
rock, sand, or other filling material is run in and the excavation filled
to within a few feet of the back, thus providing permanent support
to the walls (fig. 91) 3,nd a working floor for the next cut. 'The term
"cut-and-fill" implies a definite and characteristic sequence of oper-

141609 0 -89--16
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ations: (1) Breaking a slice of ore from the stope back, (2) removing
tIle broken ore, (3) introducing filling; then (1) breaking again, and
so on. The filling is employed primarily to support the walls of the
stope and may consist of "'Taste sorted from the ore in the stope,
waste blasted from the walls of the lode adjacent to the stope, waste
rock from development work or special waste stopes, rock from surface
quarries or glory holes, sand and gravel, mill tailings, or slag. Stulls,
props, and cribs may be erected on top of the fill to support local
patches of loose or insecure ground.

Cut-and-fill stoping is applicable to the mining of firm ore enclosed
within walls, one or both of which are weak and heavy. 1'he deposits
may be tabular in form, dipping at angles steeper than the angle of
repose of the broken ore (or flatter, if scrapers are employed for
nloving the ore in the ore passes), or to wide, thick ore bodies or

FIGURE 92.-Stringer-set cut-and-fill stoping.

masses. Generally speaking, it is suitable for mining deposits too
irregular for shrinkage stoping and deposits in which shrinkage could
be employed were it not for the fact that the walls are too weak.

The method is also used for mining high-grade veins that are less
than minimum practicable stoping width and therefore require the
breaking of wall rock to provide worl{ing room. When the ore and
walls are broken separately, the method is termed "resuing" or
"stripping." In resuing, one wall may be drilled and shot down
first and the rock left in the stope for fill, after which the vein is
"stripped" from the side of the resulting excavation; or. the vein
may be shot down first, the broken ore removed, and the wall then
stripped to provide working room and filling for the stope.

Since the filling material does not directly support the stope back.,
but only the walls, the ore itself must stand well for a short time,
at least so as to apply this method without the use of ~imber for
auxiliary support. In veins of moderate width a stringer-set cut-and
fill variation (fig. 92) of the general method is employed sometimes
wher~ the walls are heavy; the ore itself is fairly strong, but the
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ground is not so heavy as to require the use of square-set-and-fill
stoping.

In fairly wide ore the back may tend to slab off, and temporary

Plank mucking floor

o 5 15
Scale. feet

Usual height
between tram
level5 150'

FIGCRI<': 93.-Horizont31 eut-an<l-fill stoping with tpmporary timber support for back.

stringers supported by posts resting on the fill may be employed to
afford back and wall support above the filling (fig. 93).

If both the ,valls and the ore itself are heavy and weak, square-set
stoping or a caved-stope method would be indicated rather than
cut-and-fill stoping.

A
VERTICAL LONGITUDINAL PROJECTION

Fl(iURE 94.-Example of stull stoping in narrow vpin.

3. STULLED STOPES IN N ARRO\V VEINS

SECTION A;...A

Casual stuBs may be used locally in open stopes or in other forms
of supported stopes, as already indicated, and in such instances are
only incidental to tIle lnining method. In some narrow or moderately
wide lodes, however, a regular arrangement of stull timbers is em-
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ployed to support the immediate hanging wall and constitutes a rather
distinct method of mining. It is especially applicable where the ore
is separated from the solid or true wall (or walls) by one to a few feet
of barren rock that loosens and slabs off after being exposed for a
short time unless held in place by stulls-in other words, where only
nominal rather than great weight develops. Where a weak hanging
wall extends back a cOJ.lsiderable distance from the vein, the weight
usually will be too great to be held in this manner and cut-and-fill or
square-set stoping must be employed. Figure 94 shows a stull
supported stope.

4. SQUARE-SET STOPING

In square-set stopes the walls and back of the excavation are sup
ported by regular framed timbers forming a skeleton enclosing a series
of contiguous, hollow, rectangular prisms in the space previously
occupied by the ore and providing continuous lines of support in
three directions at right angles to each other (fig. 95).

The ore is excavated in small rectangular blocks just large enough
to provide room for standing a set of timber. The essential timbers
comprising a standard square set are termed, respectively, "posts,"
"caps," and "girts" (or "ties"). The posts are the upright members
and caps and girts are horizontal members. The ends of each member
are framed to give each a bearing against the other two members at
the corners where they meet.

Ordinarily the stopes are mined in floors or horizontal panels, one
above the other, and the sets of each floor are framed into the sets of
the preceding floor (fig. 95, at B). Sometimes, however, the sets are
mined in a series of vertical or inclined panels. Square-set StOpiIlg
usually is accompanied by filling, and often in heavy ground the sets
are filled with waste promptly after they are installed, leaving only
a small volume of ullfilled stope at any time. It has come to be ac
cepted quite generally that unless the ground is heavy enough to
require filling for permanent support, the expense of square-setting is
not warranted and some other method should be employed.

Square-setting is adapted to mining regular or irregular ore bodies,
commonly on dips steeper than about 45°, where the ore and/or walls
are too weak to stand even over short spans for more than a brief
time, and where caving and subsidence of overlying rocks must be
prevented. From the viewpoint of support alone, both temporary
and permanent, the method is applicable to conditions no other
method has yet been devised to meet. Where the overlying strata
may be allowed to cave, and where the loss of some ore or some dilution
with waste would not be a serious drawback, caved-stope methods
are adaptable to as bad or worse ground conditions and cost less.

Square-set stoping often is used in combination with other methods
for extracting pillars between or over filled stopes. It is also employed
as an auxiliary method, as for supporting the sill and first floors of
some cut-and-fill or shrinkage stopes.

The stopes usually are, worked upward from the level either in
horizontal or inclined floors or ill successive vertical panels, one along
side the other, but in some instances, especially in loose, running
ground, may be worked from the top dowIlward (underhand square
setting, fig. 96).
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c. CAVED STOPES

237

When caved-stope methods are employed, breaks to and subsidence
of the surface will occur ultilnately if caving is continued over an

FIGURE 96.-Underhand square-set stoping, Black Rock mine, Mont. A, Method of using booms.
B, General section through stope.

area wide and thick enough in relation to the depth of cover. Hence,
caved-stope methods are applicable only where there is no objection
to caving the overlying strata or to surface subsidence.

Caved stopes are of two distinct types: In the first, the ore is
broken by caving induced by undercutting a block of the ore and
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isolating it from or weakening its connection to the surrounding ore
or walls; in the second, the ore itself is broken by conventional drilling
and blasting methods in a. series of horizontal or inclined slices, and the
capping is allowed to cave into alld fill the space occupied previously
by the ore. The first type embraces the caving methods of mining,
whereas the second comprises the top-slicing method.

1. BLOCK CAVING

In bloek eaving (fig. 97) a thick block of ore is partly cut off from
surrounding blocks or the walls of the ore body by a series of drifts,
one above the other, or by boundary shrinkage stopes; it is tIlen under
cut by renloving a slice of ore or a series of slices separated by small
pillars underneath the block. The isolated, unsupported block of
ore breaks and caves under its own weight. The ore so broken is
drawn off from below; and, as the caved mass moves downward
owing to continued drawing from below, it is broken further by
pressure and attrition. The capping finally caves also and follows
the column of broken ore down.ward.

In the earliest applications of this method the block was undercut
on or inllllediately above the haulage level, and the caved ore was
shoveled into cars in drifts driven under or spiled tIlrough the cave.
Tllis system entailed the driving and maintenance of a large llumber
of drifts to recover tIle ore and has been superseded by caving to a
system of chutes or branched raises extending from Ilaulage drifts at
some distance belo\\T the bottom of the undercut and with an inter
mediate grizzly level on which chunks of ore too large to pass through
the grizzlies are broken by sledging and bulldozing. "Tith this
system., hand shoveling is virtually eliminated.

Natural forces are utilized to the highest degree possible for break
ing the ore, transferring the broken ore to the haulage levels, a.nd
filling the mined-out areas.·

The method is a nonselective one, and lea.n sections of the ore body
and even barren horses of waste are broken up and drawn with the ore.
It is applicable to the wholesale mining of masses of ore large in three
dinlensions that will eave readily when support is removed by under
cutting, a.nd which, after caving, will break up fine enough to pass
through the extraction raises as the caved mass is drawn down\\Tard.
This condition occurs when the ore is friable enough to break up read
ily or the ore body is traversed by a multiplicity of closely spaced
seams, fracture and joint planes, or invisible planes of weakness that
strike and dip in various directions.

Block caving is employed principally for mining low-grade ores
where the inevitable loss of some ore and some dilution with capping
and \vall rock are permissible and where mining must be done on a
large seale and at a lower cost tilan can be obtained by the use of
supported-stope or other selective mining methods.

2. SUBLEVEL CAVING

In sublevel caving, relatively thin blocks of ore are caused to cave
by successively undermining small panels. The ore body is developed
by a series of sublevels usually spaced at vertical intervals of 18 to
25 or 30 feet (more recently, intervals of 50 feet or more have been
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used). Figure 98 (A, B, and 0) shows complete development of a
block or panel. Customarily all of this work is not done before
stoping begins, but usually only one or, at most, two sublevels are
opened at a time, beginning at the top of the ore. Sublevels are
developed by first connecting the tops of the raises with a longitudinal
drift from which timbered slice drifts are driven right and left to the
ore boundaries or to the limits of the panel. Usually, alternate drifts

Chert capping- ~

21st level Caved

D

I d

FIGURE 98.-Example of sublevel caving. A, B, and C. Development of ore body for caving. D. Cross
section showing details of caving back, cuts blasted in order shown.

are driven first, and caving back from them is begun and continued
toward the raises while the intermediate slices are being driven.
The bottoms of the slices or crossdrifts are covered with poles or
plank, laid on cross timbers to form a good floor over which to scrape
and to hold back the gob when caving the next sublevel below.

Caving is begun at the ends of the slices by blasting cuts, as shown
in figure 98, D, and is continued in successive stages, working out
towar~ the raises. The broken are is dragged by power scrapers into
tIle raIses.
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More recent practice in at least one mine is to cave back two
adjacent slices at a time, using a 50-foot instead of a 25-foot sublevel
interval and an entrance manway to the cave, as shown in figure 99.31

When the top sublevel or a section of it has been mined out work is
begun on the next sublevel belo,v.
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Sublevel caving may be employed for mining smaller deposits than
would be suited to block caving, but is also applicable to large ore
bodies and to soft ores,. which will stand fairly well for a brief time
over short spans but will cave over wider openings. The capping

31 Bowen, R. A., Sublevel Oaving, Large-Pillar Method, at the Montreal Mine: Mining Technology,
A.m. Inst. Min. and Met. Eng., Tech. Pub. 886, March 1938.
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(and later the gob) must be of such cIlaracter that it will hang up
long enough to permit removal of tIle caved ore from beneatll it in
safety and without serious attendant dilution with waste. Schaus 32

has summarized tIle conditions necessary for successful sublevel caving
in the iron mines of the Gogebic range, as follows:

'The deterlnining conditions to which this method is adapted are (a) a dipping
and pitching irregular ore body, which does not lend itself to top slicing; (b) a
lnedium-soft ore which breaks fine yet stands well and is not free-caving; (c) a
hard capping which caves in medium-sized blocks without much fines and \vhich
is easily controlled.

The method is also employed successfully in hard ores and may be
used under conditions where top slicing \\Tould be dangerous because
of the hanging up of the gob. For successful block caving the ore
should be free-running; that is, it must be of such a nature that it
will not pack and form a semisolid mass that cannot be drawn ofl
through the draw raises. Due to tIle relative thinness of the slices
and the small size of the units caved in sublevel caving, packing is
not so serious an obstacle and the method can be used for mining
softer and SOlllewhat stickier ores than can block caving.

3. TOP SLICING

The term "top slicing" is applied to the method of mining whereby
the ore is extracted by excavating a series of horizontal (sometimes
inclined) tilllbered slices alongside each other, beginning at the top
of the ore body and working progressively downward; the slices are
caved by blasting out the supporting timbers or allowing them to
crush, bringing the capping or overburden down upon the bottoms
of the slices, which have previously been covered with a floor or
timber mat to separate tIle cave from the solid ore beneath and
prevent admixture of waste with the ore (figs. 100 and 101). Suc
cessive slices are mined in a similar rnanner up to the overlying gob
or mat, which consists of an accumulation of broken timbers, flooring,
and lagging used in the overlying slices and of caved capping or over
burden. As the slices are mined and caved, this mat follows the
mining downward, filling the space formerly occupied by the ore.
'rhe mat also serves to control the rnovement of the caved over
burden and to prevent dilution of the ore with barren capping.

Top slicing is applicable to the mining of soft, weak ore that will
stand unsupported for only a very short time, even over narrow
spans, and that is overlain by an unconsolidated overburden or a
weak capping that will break up and cave promptly after removal
of support, tightly filling the space formerly occupied by the slice
and leaving no open holes. It lllay be applied in tabular deposits
lying at all angles of dip, from flat to vertical, or in wide, thick ore
bodies. It is used successfully in deposits of very irregular outline
and is employed for recovering pillars of ore from bet\veen filled or
caved stopes and for rnining broken ore or old caves that could not
be worked safely from tIle bottom upward. 1"'he rnethod is similar
in sonle respects to sublevel caving-the ore is mined from the top
do\\rnward by a series of slices, and the overlying strata cave and
follow the mining downward with a mat intervening between the
caved overburden and the ore beneath. The methods differ, how-

32 Sc.haus, O. ]\I!', Mining Methods and Costs at the Montreal Mine, Montreal, Wis.: Bureau of Mines
Inf. CIrc. 6369, 1930, 29, pp.
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ever, in that in top slicing the slice is mined right up to th.e floor of
the caved slice above, whereas in sublevel caving the sublevel interval

, ---_....---------
is greater (usually about twice), and in driving the slice drifts a back
of ore is left over the tops of the drifts and below the mat of the
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slice above, which is extracted later by caving on the retreat. In
sublevel caving the slice drifts are separated by intervening pillars,
which are also mined on the retreat, whereas in top slicing they are
driven immediately alongside each other.

Figure 100 shows the method of parallel top slicing in a relatively

y

FIGURE 101.-Radial top slicing to chutes; thick are body.

thin, flat-dipping ore body, and figure 101 shows radial top slicing
to chutes in a thick ore body.

The method has been applied most commonly in the mining of wide
deposits of soft or weak ore overlain by a friable capping or uncon
solidated overburden. A capping that breaks in large blocks that
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will wedge and arch over, leaving open holes in the gob, would be
dangerous for top slicing. Hence, top-weight or vertical pressure
is an essential condition for successful top slicing. The side walls
may be either weak or strong.

Since top slicing requires the use of considerable timber and lag
ging, it is essential that there be a plentiful and cheap source of
suitable timber available. Slice timber is required to stand for only
a short time and is then blasted down or allowed to crush; a poorer
grade is acceptable than would be required for more permanent
supports, such as for drift timber. However, the timber should be
tough and capable of standing considerable crushing before breaking.

A special application of the top-slicing method has been used for
mining pillars between filled stopes under a capping that will not
cave readily, even over large spans. In tllis instance, sand or waste
filling is run in on top of the subsiding gob, keeping the hole filled.
The filling will then act as a cushion to take the impact of any pos
sible sudden collapse of the' capping.

D. COMBINATIONS OF SUPPORTED AND CAVED STOPES

The use of two or more stoping methods independently of each
other in the same mine, or even in different parts of the same ore
body because of differences in the physical characteristics governing
the requirements for support, does not constitute a combination
method.

A combination method does exist, however, when a stoping system
is laid out in advance of operations wherein two different methods
are employed as essential complements, one to the other. An ex
ample is furnished where a series of alternating stopes and pillars is
laid out, the stopes to be mined by shrinkage and then filled, or by
cut-and-fill stoping, and the pillars to be mined by top-slicing between
the filled stopes. Each method, one a supported-stope method and
the other a caved-stope method, is essential to the complete extrac
tion of the block of ore. Again, a block-caving system in which a
considerable part of the ore is mined by shrinkage in undercutting
stopes and boundary cut-offs and the balance by caving in reality
constitutes a combination method. (It should be noted, however,
that in modern block-caving practice only a small percentage, per
haps 2 to 5 percent of the ore, is customarily mined by shrinkage
stoping.)

STOPING PRACTICE

The general conditions to which each of the principal stoping
methods is applicable have been stated briefly in the preceding
pages. Variations of the principal methods, differences in methods
of drilling and blasting, handling ore and waste in the stopes, trans
ferring broken ore from the stopes to the haulageways, and filling
and timbering operations, and variations in sequence and direction
of stoping, are employed to suit local conditions. The term "stoping
practice" is employed in this bulletin to cover details of stoping pro
cedure rather than the broader and more fundamental considerations
that are covered by the term "stoping method."
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VARIATIONS OF PRINCIPAL STOPING METHODS

Some of the variations of stoping metllods have been discussed
already. Thus, it has been noted tllat shrinkage, cut-anci-fill, and
squ3,re-set stopes may be mined by horizontal or inclined slices or
cuts (angle of working); that square-set stopes usually nre mined
overhand, from tlle bottom llpward, but may be mined ullderhand
(direction of working); that in cut-and-fill stopes where the walls
are very heavy a systematic stringer-set method of. timberin~ may
be used, or, if the backs are "scaly," tenlporary llorlzontal strulgers
on posts may be used (auxiliary support). Square-set stopes may
be worked on successive horizontal floors or in vertical panels or
sections (sequence and direction of working). In top-slicing, the
slices may be driven parallel to each other or radially (figs. 100 and

FIGURE 102.-Shrinkage stoping on drift pillars, Nevada-Massachusetts mine, Nevada. A, Vertic-aI,
longitudinal projection. B, Vertical cross section, X=X.

101). It lias also been noted that stopes may be carried longitudi
nally (along the vein) or, in wide ore, across the vein (direction of
working).

Cut-and-fill or shrinkage stopes may be silled out full width on the
level and the shrink or fill, as the case may be, carried on timbers, or
silled a sllort distance above the level, thereby leaving a back or
"arch" pillar over the drift to support the stopes. Modern practice
usually favors the former method if the ore on the level is of good
grade. This ore usually can be recovered more completely and at
less cost before the stopes are worked out above it than by later
robbing operations.

Any of the supported-stope methods may be employed for mining
either OJ} the advance or on the retreat (sequence of working). In
advance mining, the stopes are started and carried upward or down
ward as development advances progressively farther a:nd farther
frOIn the shaft or main adit. In retreat mining, the levels are de
veloped to the extremities of the vein, deposit, or property boundary
and stoping begins at the farthest points Bind progresses toward the
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shaft or adit. In advance mining, the haulageways become longer
and longer and, if the ground is lleavy, the cost of maintaining them
under stoped ground becomes greater and greater. In retreat mining
the active haulageways arein grouIld undisturbed by adjacent stoping,
are therefore maintained more easily, and become progressively
shorter. When mining is don,e on the retreat, the stoped-out areas
can be abandoned and, unless movement and subsidence Jnust be
prevented, can be allowed to cave.

A few of the principal variations of stoping methods not heretofore
described are those shown in figures 102 to 107, inclusive.

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

Chutes for .mucking 'preparatory slice

FIGURE 103.-Inclined cut-and-fllI stoping, Eighty-Five mine, New Mexico.

Figure 102 shows shrinkage stoping 011 drift pillars at the N evada
Massachusetts mine, Nevada. (Compare with fig. 88.)

Figure 103 depicts inclined cut-and-fill stoping at the Eighty-Five
mine, New Mexico. (compare with figs. 91 and 93.) The inclined or
"rill" variation of cut-and-fill stoping possesses the advantage of
gravity movement of the ore to the ore passes and of filling into tIle
stopes. It thus eliminates ha,nd-shoveling as a major part of the
operation and makes it unnecessary to lay track and use cars or
wheelbarrows for handling the ore and for placing fill in the stopes.
The rill system, however, does not permit much waste to be sorted
out and left in the stopes; waste inclusions in the vein and slabs from
the walls go into the chutes with the ore. Handling of ore and waste
in horizontal stopes by means of power scrapers has increased during
the past decade; and in large stopes, at least, it is doubtful whether
gravity handling in rills is any cheaper tha,n scraper ha,ndling.

Figure 104 illustrates the sublevel inclined cut-and-fill system
developed at the Champion mine in Michigan. In changing from an
advancing to a retreating system of mining, it was found that stoping

141609°--39----17



248 METAL-l\1:INING PRACTICE

had to be done on many levels to produce the necessary tonnage.
By splitting the blocks between haulage levels with sublevels and
mining as shown, concentrated stoping could be done and the output
produced from one-third the number of levels other\vise required to
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be a,ctive. The figure shows the ore being removed by scrapers;
where much sorting had to be done, ho\vever, it was necessary to lay
track, load the ore into cars, and tram it to the ore chute to obtain
best results.
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Figure 105 shows a semishrinkage stope that is a combination of
shrinkage and cut-arid-fill or shrinkage with delayed filling. Instead
of cleaning out the ore and running in filling after each cut, two or
more shrinkage cuts are made before the ore is drawn out and the
stope filled. This system effects a large reduction in flooring expense.

The rilled square-set system is illustrated by the practice at the
Bawdwin mine in I~urlna (fig. 106) described by Calhoun.33 Inclining

FIGURE 105.--Semishrinkage stope.

FIGURE 106.-Rilled square-set system, Bawdwin mine, Burma.

or rilling the stopes largely eliminates hand-shoveling, as both ore and
fill run by gravity. The objection to rilling in cut-and-fill stopes,
that is, the difficulty of sorting waste, does not apply to the same extent
in square-set stoping, as sets can be kept open for the express purpose
of providing a space to receive sorted waste.

33 Calhoun, A. B .. Mining l\1ethods at Bawdwin Mine: Trans. Am. Inst. Min. and Met. Eng. (issued
with Min. and Met.), vol. 69, Au~ust 1923, pp. 208-247.
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The square-set system employed at the Bunker Hill and Sulliyan
mine in Idaho is shown ill figure 107. Stoping is begun on the hangIng
wall side of the vein, as at A, and proceeds toward the footwall, carry
ing a nearly vertical stope face and a steeply aTched back.

The foregoing and other variations are described and discussed in
more detail in Bulletin 390, Stoplllg Methods and Costs, by Chas. F.
Jackson arid E. D. Gardner.

DRILLING AND BLASTING

Drilling in stopes is done with pneumatic-feed stop~rs, light hand
held hammer drills of the jackharrlmer type and heavIer plugger ma
chines, drifters of the Leyner type mounte~ on cros~bars or. on
columns, and drifters (and, now, OIlly occaSIonally, pIston drIlls)

Ore

"\
~

\ ,,~- ~h

~
:""'~' "
~Waste filling i!riIi

~.-,L::':~ !u
., - ~ Mai~~aulage

A foot-wall drift

FIGURE 107.-Square-set systeln, Bunker Hill and Sullivan mine, Idaho. A, Stoping begun at hanging
wall and raise started on footwall. B, Stoping advancing toward footwall; raise on footwall completed
and main haulage advancing in footwall. C, Sill floor completely developed and top of stope connected
to footwall raise. D, First lift of stope nearly completed and footwall and branch raises from haulage drift
completed.

mounted 011 tripods; IHore recently, with the more extensive use of bort
instead of carbon for diamond drilling, diamond drills are employed
occasionally for drilling long blast holes, especially in pillar work.

For open stoping in flat or slightly inclined deposits not too thick
to be mined from floor to back: in one slice, light hand-held or mounted
drifter machines usually are employed where the ground is easy to
drill and lleavier mounted drifters are used in harder drilling ground.
In thicker deposits a heading-and-bench system of drilling and blasting
may be employed, earIJTing a 6- to 8-foot advance hea,ding or breast
under the top of the ore and then benching the bottom ore behind it
(fig. 108). Column-mounted drifter Illachines usually are employed
for driving the heading, and bench holes may be drilled with hand
held machines, as at B in figure 108. Hand-held machines usually
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are used for stope holes, as at A, and tripod-Illounted machines are
used for drilling flat "splitter" holes in hard ground 1 as at D. Down
holes usually are preferred because hand-held "pluggers" may be
employed; it is usually possible to drill a greater footage per machine
shift with pluggers if the rock is not too hard, since no time is required

for setting up. Under some conditions, however, as in the Tri-State
zinc and lead district, where the ground is hard, cherty, seamed, and
vuggy, flat holes can be drilled and cleaned out more readily, and
fewer holes are lost because of stuck steel. The best system to employ
in any particular instance therefore will depend on the nature of the
rock. The bench system, using down holes, is also employed in large
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thick deposits for breaking down are around a central raise ("milling"
or "glory-hole" mining). Figure 108 shows the top of a stope of this
type at C.

In sublevel stoping the are is broken partly by slabbing rounds to
form the bench, using column-Inounted drifters for drillillg, and partly
by benching (fig. 86), or it may be done by "ring drilling" from and
around the sublevel drifts. Bencll holes may be drilled upward in
the bench above, using stopers or mounted drifters, or pluggers may
be employed for drilling downward into the bench below, or holes
may be drilled both up and down, as in figure 86. In some Jnines,
only down-hole drilling is done. vVhere the sublevel interval is large
and the benches thick, this Illay require double or even triple benches,
one belo\v the other. By using sectional drill steel, a thi.ck bench
may be drilled as a unit. At Flin Flon, Manitoba, bench holes are
drilled up to 24 feet in depth. 34 IIeavy drifters mounted on a long
cross-arln between two 3~6-inch colulllns drill about 40 feet per machine
shift in hard, massive sulfide are. Holes are collared with 3-inch
bits and gage reduction is ;Is inch for each 2 feet of advance.

Drilling practice in shrinkage and cut-and-fill stapes (both overhand
systems) is silnilar. Holes may be drilled vertically or at steep angles
upward into the back of the stope with stapel' machines, or breasts
may be carried in which long, flat holes are drilled \vith lland-held or
mounted hammer drills (fig. 102). The choice between these systems
should be governed to a considerable extent by the way in which the
ground breaks. This, in turn, may be influenced by a number of
factors, prominent among which are the nature and direction of slips,
bedding planes, or other planes of weakness in the are. Another
important consideration is the effect that the nlethod of drilling and
blasting may have upon the hanging wall and the back of the stope
and upon the direction in which the ore is thrown by the blast. StopeI'
holes are more likely to shatter the back of the stope, and if bottomed
close to a wall may shatter and loosen it also. Generally speaking,
long, flat breast holes will break more ground per foot of hole and per
pound of explosive used than vertical holes, because they have a free
underface to break to; also, they will not scatter the broken are as
much as vertical holes. In narrow and moderate-width veins breast
holes, if not too long, often can be confined better to the are, as the
trend of the vein can be observed from t,vo sides-the breast and the
bottom. There are exceptions to this where sudden changes in the
strike of the vein are Inore pronounced than rolls or changes in dip.
In wide stapes the breast-hole system usually is cheaper and often
safer because the Ininer is not standing directly under the ground in
which he is drilling. Care must be taken, however, to avoid putting
too much burden on the holes, causing the are to break in large slabs,
which will require secondary blasting. -

In square-set stoping it usually is desired to break only one set of
ground at a tinle, and care Inust be taken in pointing and charging the
holes to avoid blasting out or breaking the timbers, which are set
close to the face. Usually, ground that requires square sets to support
the stapes is of such a character that only light blasting is needed,
though this is not always the case.

34 Marshall, ,V. J., rrhe Mining Methods of the FUn Flon Mine: Canadian Min. and Met. Bull. 309,
Januar)T 1938, pp. 31-44.



STOPING 253

Either breast stoping with mounted machines or steeply inclined
holes drilled with stopers may be employed in overhand square-set
stopes. At the Bunker Hill and Sullivan mine stoper drills are pre
ferred (fig. 107, D), whereas at the Page mine in the same district
breast stoping with light drills is believed to give better control of
breaking.

Stopers are employed more widely in square-set stopes than are
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FIGURE l09.-A, Drilling with stapers in square-set stapes. B, rrap-slice rounds in soft are. 0, Auger bit
on twisted steel.

drifters or mounted jackhammers. As in cut-alld-fill and shrinkage
stoping, breast holes shatter the back less than stoper holes. When
drilling horizontal holes, the miner works from inside a timbered set
and is fully protected from falling ground by the timber; whereas,
with stopers he is often working directly under the ground in which he
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is drilling vertical holes, or only has partial protection when drilling
inclined holes (fig. 109, A).

When stopers are used, no time is lost rigging up on mountings, but
in some cases this may be more than offset by the necessity of rigging
staging. Several methods of drilling in square-set stopes witll stoper
machines are shown in figure 109, A.

Steel breakage is generally greater with stopers than with mounted
machines, and in hard ground automatically rotated stopers entail
greater maintenance and repair expense.

In block-caving, most of the ore is broken by natural forces and
drilling is confined to development work (driving of boundary or
cut-off drifts, raises, and shrinks), to undercutting operations, and to
bulldozing boulders on the grizzly levels. Mounted machines or
hand-held jackhammers are used in boundary drifts and stopers in
boundary raises and shrinkage stopes. Pluggers are employed for
funneling raises on the undercutting level; where undercutting is
done by checkerboarding with a series of drifts and blasting out the
pillars, hand-held jackhammers are used for drilling the pillars and
stopers for drilling the backs of the drifts. Ground suitable for
block-caving is usually easily drilled, and mounted machines seldom
are required in undercutting operations.

Top-slicing in soft ore requires little drilling, and only a few holes
are required to break a 5- or 6-foot round in a large slice (fig. 109, B).
Soft ores often can be drilled by hand with auger steel fashioned with
a fishtail bit. In recent years light, hand-held machines and auger
bits (fig. 109, C) often are employed. In harder ground mounted or
unmounted machines and standard steel and bits are employed to
drill regular rounds similar to drift and crosscut rounds previously
discussed under Development. Rounds in sublevel caving slices
are similar to those for top-slicing under comparable ground
conditions.

Stope drilling often is not as efficient as it nlight be; actual drilling
time commonly occupies but 2;6 to 3;6 hours during an 8-hour shift,
even when much nlore drilling could be done if there were time for it.
This is due partly to the necessity of barring down the back and
making it safe before drilling, an operation that may require 1 to 2
hours. In some stopes, drills, mountings, and hose have to be
dragged in over a rough~ uneven nluck pile' and connected and ma
chines rigged up for drilling (when mounted machines are employed)
or staging installed. In timbered stopes nluch of the shift runy be
used for tirrlbering. Upon completion of the round, drills, steel, and
gear have to be removed and the holes charged and blasted. All
these operations are essential, and the resultant loss of drilling time is
inherent in some stoping methods. With other methods, such as
sublevel stoping and underhand bench or "glory-hole" stoping or in
drilling pillars, it is often possible to drill for several shifts before
blasting, thus increasing the ratio of actual drilling time to total time.
Even with shrinkage, cut-and-fill, or square-set stoping, by making
changes in practice to permit drilling over a considerable area before
blasting, the actual drilling tinle per shift often can be increased.

Delays occasioned by shortage of drill steel, taking steel into the
stopes, going out during the shift for hose or pipe couplings or other
small items of equipment or for tools are common in many mines.
Such delays often call be reduced by more careful attention on the



STOPING 255

part of the foremeIl and stope bosses to distribution of materials and
supplies or by providing better facilities for taking timber and supplies
into the stopes.

Where detachable drill bits have been found suitable for drilling,
their use may save much time in handling drill steel. One company
that uses about 6,500 steels per day expects to save $50,000 per year
in "nipping" charges alone by susbtituting detachable bits for con
ventional forged-steel bits.

Published data correlating speed of drilling or rate of penetration,
actual drilling time, and tons of ore broken per machine shift in
stopes are meager. However, a few typical data on feet drilled per
shift and tons of ore broken per machine shift are given. in table 33.

Considerable dry drilling is still done in some mines, but this prac
tice is dangerous to health and should be discouraged.

TABLE 33.-Data on drilling and blasting in stopes

Drilling

Mine Stoping method
Average

stope
width,

feet Machines and
mountings

Drilling
per

machine
shift,
feet

Tons ore
broken per
machine

shift

-----·---I·--~------I-------------- ------1------

25-30_ ___ 25-30.225 3M-inch drifters on
tripods.

40 ________ Mounted drifters for 90 48.
slabbing, jackham- (slabbing)
mers in bench.

40-60_____ Heavy drifters on
columns or tripods.

30± Light, hand-held 41.06.2

50±______ Heavy drifters on 40-60.
columns or tripods.

Mineville, N. Y.l_ __ Open stopes, casual
pillars.

Mine No.1, TTi- Open stopes, casual
State, district.3 pillars; heading and

bench.
Marquette range, Open stopes, regular

l\fich.. pillars, b rea s t

I
stoping.

Burra-Burra, Tenn.5 , Sublevel stoping _

Waco, Mo.•~~~~~~~~1 Open stapes, casual
pillars, heading and
bench.

30-40 in head·
ings, 80-100
i.n benches~
av.62.

Barr, Kans. , do 30 do 64.2.
Hartley, Tri-State do 40 do 60 62.3.

district.8

Southeast Mis- do 30 Jackhammers on 80-100 40.
sourLu pneumatic leg.

Fresnillo, Mexico, Surface glory holes, 10 to wide 55-lb. jackammers, 120 130+.
hilltop ore body .10 benching around hand-held.

raises.
Mt. Isa, Queens- Sublevel stoping by 30 [4-inChIDounteddrift- 60-90 \

land.u "rinl! drilling." I ers and 3-inch
Do.ll -____ Subleve! stoping by 1 6- 14 3~~~ig;hs. mounted 17.6.

benchIng. drifters and "plug
gers."

1 Cummings, A. M., Method and Cost of Mining Magnetite in the Mineville District, N. Y.: Bureau of
Mines Inf. Circa 6092, 1928, 12 pp.

2 Long tons.
a Netzeband, W. F., Method and Cost of Mining Zinc and Lead at No.1 Mine, Tri-State Zinc and Lead

District, Picher, Okla.: Bureau of Mines Inf. Circa 6113, 1929, 11 pp.
• Eaton, Lucien, Method and Cost of Mining Hard Specular Hematite on the Marquette Range, Mich

igan: Bureau of Mines Inf. Cirr. 6138, 1929, 14 pp.
6 McNaughton, C. H., Mining Methods of the Tennessee Copper Co., DUCktown, Tenn.: Bureau of

Mines Inf. Circa 6149, 1929, 17 pp.
6 Banks, L. M., Mining Methods and Oosts in the Waco District: Bureau of Mines Inf. Circa 6150,1929,

10 pp.
7 Keener, O. W., Method and Cost of Mining at Barr Mine, Tri-State Zinc and Lead District: Bureau

of Mines In!. Circa 6159, 1929,9 pp.
8 Anderson, C. N., Mining Met1hods and Costs at the Interstate Zinc & Lead Co.'s Hartley Mine, Tpi·

State Zinc and Lead District: Bureau of Mines Int. Circa 6656, 1932, 16 pp.
II Jackson, Chas. F., Methods of Mining Disseminated Lead Ore at a Mine in the Southeast Missouri

Dist'Iict: Bureau of Mines Inf. Circa 6170, 1929, 21 pp.
10 Livingston, A., Mining Methods and Costs at Fresnillo, Zacatecas, Mexico: Bureau of Mines In!. Circ.

6661, 1932, 31 pp.
If Kruttschnitt, J., and Mann, V. 1., Mining Methods and Costs at Mount Isa Mines, Ltd., Queens

land, Australia: Bureau of Mines Inf. Cire. 6978, 1937,35 pp.
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TABLE 33.-Data on drilling and blasting in stopes-Continued

1

Drilling

Average --------------1 Tons ore
: stope ! Drilling broken per

Stoping method width, Machines and I per. mac~ine
feet mountings II msa~D~~e ShIft

feet

Mine

Engels, Calif,12 _
Do.I 2 _
Do,12 _

N eYfHla-Massachu
setts, Nevaoa. 13

Mt. Hope, N. J)4 <.10 _

Block P, Mont.I~ __ Horizontal cut-and
fill.

Braden, Chile 17 Shrinkagestopeswith 16.4 Stopers 90-120 70.
pillar caving.

Bessemer, AJa.l 8 Open stopes 30 Drifters on tripods 125-165.__ 100-125. 2
Alan \Vood, N. J.1 9_ Shrinkage 30 .___ Stopers . . 69 (1931).2

Do Sublevel stoping ~founted drifters; 92 (1931). 2

jackhammers for I
vertical holes.

2 Long tons.
12 Nelson, W. 1., l\1ining Methods and Costs at the Engels Mine, Plumas County, Oalif.: Bureau of

Mines InL Circ. 6260, 1930, 22 pp.
13 Heizer, O. F., Method and Cost of Mining Tungsten Ore at the Nevada-Massachusetts Mines at Mill

City, Nev.: Bureau of l\!Iines Inf. Circ. 6284,1930,13 pp.
14 Sweet, J. R., l\1ining J\fethods and Costs at the Mount Hope Mine of the \V-arren Foundry & Pipe

Corporation, l\10unt Hope, N. J.: Bureau of Mines InL Cire. 6601,1932,31 pp.
1~ Vanderburg, ,,~. 0., "Yrining Methods at the Block P l\1ine of the St. Joseph Lead Co., Hughesville,

Mont.: Bureau of Mines InL Cire. 6416, 1931, 14 pp.
16 Includes sorting.
17 \Vebb, J. S., and Skinner, T. W., Mining Methods and Costs at the Braden Copper CO.'s Mines,

Sewell, Chile: Bureau of l\!Iines InL Cire. 6565, 1932, 13 pp.
1Q De Sollar, T. C., The Red Ore Mines of the \Voodward Iron Company at Bessemer, Ala.: Trans. Am.

Inst. Min. and Met. Eng., vol. 109,1934, pp. 69-77.
19 Loux, C. H., Mining l\Iethods and Costs at the vVashington l\1ine of the Alan \Vood Mining Com

pany: Trans., Am. Inst. Min. and Met. Eng., vol. 109, 1934, pp. 51-60.

Blasting in stopes is designed not only to break the ore from the
solid but to obtain its proper fragmentation, and the explosive should
be selected and the holes loaded with this in mind. l\1ethods of
pointing and 10adiIlg the holes that result in throwing down large
slabs or blocks of ore \vithout proper fragmentation are not efficient.
Unless the ore is broken small enough by the blast to pass the grizzlies
and ore chutes, secondary breaking by plugging and reblnsting boul
ders or by sledging must be resorted to. "~fud-capping" of boulders is
sometimes employed but is not considered good practice. Blasts
that break the ore into large slabs are also more likely to loosen other
slabs and so produce a dangerous condition.

As a rule, blasting in stopes is dOIle at the end of the shift. Where
the second shift follows the first ilnmediately, blasting is done only at
the end of the second shift; there is then a period of several hours for
smoke to clear and dust to settle before men reenter the stope. Regu
lations at some mines provide that blasting shall be done only at
the end of the shift. At others, great loss of efficiency \\rould result
from such a rule. In any event, \vllere blasting must be done during
the shift, adequate ventilation for quick removal of smoke and dust
should be provided. Secondary blnstiIlg on grizzlies usually requires
that blasting be done during the shift, whereas bulldo~ing of blocks in
the stopes usually can be done at the end of the shift, although
occasionally it may be done at lunchtime.
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Gelatin dynamites usually are employed for stop"e blastIng because
of their low production of noxious gases, and ammonia dynamites
frequently are employed for dry work. Straight dynamites should
never be employed in confined stopes, and it is best not to use them
undergroun.d even under most favorable conditions of ventilation on
account of the fume produced.

Explosives of 25- to 50-percent equivalent (based on straight
dynamite) strength are employed, 40-percent strength being by far
the most common. Detonation is by fuse and cap or electric detona
tors.. Mtosti mines cling to the fuse and cap except for large blasts
that is., blasts in which a large number of holes are shot simultaneously
or in Tapid sequence.

'The sequence of firing many shots in a single blast can be controlled
more certainly with electric delay denotators than with fuse and cap,
:anx[ no fume is produced by the firing mediulll, as there is with fuse.
For firing a large number of shots simultaneously, as in blasting out
posts in a top slice, or firing a single row of holes around a bench, some
Javor the use of Cordeau.

'Under some conditions space blasting is used to obtain better
Iragmentation, as in cut-and-fill stopes in massive sulfides at Cananea. 36

{The use of 40-pereent explosive gave a heaving action that threw down
~many huge boulders, and substitution of 50-percent explosive helped
this somewhat. Results of space blasting with 50-percent explosive
',were still better. In loading the holes, individual sticks of explosive
'\were separated by I-inch round wood sticks 10 inches in length. Thus,
:a stick of explosive was followed by a wood stick, on top of which the
:next stick of explosive was tamped, and so on. TIle hole was then
:sealed with two or three sticks of stemming. Since the wood sticks
\were only 1 inch in diameter and the hole diameter was 1% to 2 inches,
(detonation was cOlnplete, yet the force of the explosion was dis
,tributed alollg the hole instead of being conceIltrated in the bottom.

A similar result may be acilieved by employing an explosive of low
!bulk strength, using more cartridges distributed along the length of
the hole rather than fewer sticks of high bulk strength concentrated in
the lower part of the hole.

FruJgmentation, of course, can be improved in many instances by
~spacing the 1101es more closely, drilling more holes, and loading lighter,
';but the additional cost of drilling must be balanced against the addi
tional cost of secondary breaking with fewer b.oles.

In cut-and-fill stoping it usually is necessary to lay a tight flooring
(on top of the fill before blasting to keep the ore from mixing with the
filling material. This becomes especially important if the ore is
.high-grade or if the mineral is conceIltrated in the fines.

In deposits where square-set stOpiIlg must be employed, the ground
usually is of such nature that comparatively light blasting is required
for fragmentation, and the saIne is true of soft-ore nlines employing
top-slicing and sublevel caving. Care must be taken, however, to
avoid blasting out or breaking the timber, as previously pointed out.
Often it is necessary to brace the timbers to prevent blasting them
out and to cover the floor (in square-set stopes) with loose ore or
lagging to prevent breakage by chunks of ore. . In square-set stQping,
holes usually are placed and loaded to take advantage of seams and
slips in the ore rather than according to a standard system.

3~ Catron,William, Mining Methods, Practices, and Costs of the Cananea Consolidated Copper 00.,
Sonora, Mexico: Bureau of Mines Inf. eire. 6247, 1930, pp. 23-24. .
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The use of stemming in all holes is advocated by explosives manu
facturers to achieve better detonation and greater efficiency, and to
abate fume production. Tests made some years ago by the Bureau
of Mines indicate that "The use of stemming helps decidedly to
prevent formation of boulders, does not increase the cost of blasting
perceptibly * * *. The tests show that one stick of stemming
to a hole is not enough and that at least two should be used." 36

Further tests showed that stemming will almost always result in
some saving of powder, and less poisonous gas is produced when it
is used.37 At present (December 1938) exhaustive tests are being
made at the Mount Weather testing adit of the Bureau of Mines to
check the earlier work. The extra danger and difficulty inherent in
firing missed holes when employing stemming partly offset the
advantages claimed for is use. Whatever the virtues of stemming
may be, the fact remains that most stope holes are loaded without

~I
' / /

~iZZIY,

~
A

FIGURE lIO.-A, Bulldozing chamber. B, Grizzly details, Alaska-Juneau mine.

stemming and, in the judgment of mallY operators, the effect of
stemming on both blasting efficiency and gas reduction is small.

Considerable secondary blasting is required in connection with
block caving, forced caving, and sublevel stoping in hard ore. It is
usually done on grizzlies or in bulldozing chambers situated between
the undercutting level and haulage level (see figs. 90 and 97). Blast
ing directly on the grizzlies is destructive to the grizzlJT bars and
settings, and the recent trend is toward blasting in chambers on one
side of the grizzly and transferring the reblasted ore by scrapers to
the grizzlies.

Figure 110 shows a bulldozing chamber and details of grizzly
construction at the Alaska-Juneau mine in 1928.38 In that year, 71
percent of the explosive consumed was used in secondary breaking,
13 percent in development, and 16 percent in stope blasting (in
powder drifts, see fig. 89).

36 Gardner, E. D., and Howell, S. P., Blasting to Lessen Bowlders in Hard-Ore Stopes: Bureau of Mines
Tech. Paper 383, 1926, pp. 22-23.

37 Gardner, E. D., Howell, S. P., and Jones, G. W., Gases from Blasting in Tunnels and Metal-Mine
Drifts: Bureau of Mines Bull. 287, 1927, p. 93.

38 Bradley, P. R., Mining Methods and Costs, Alaska-Juneau Gold Mining Co., Juneau, Alaska:
Bureau of Mines Inf. Cire. 6186, 1929, 18 pp.
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In shrinkage and cut-and-fill stoping, large boulders usually are
reblasted in the stope. If they become covered ,vith finer muck in
shrinkage stopes they may be missed, however, and finally show up at
the chutes, where blasting may result in injury to tIle chute gates and
timbers.

Boulders may be either block-holed by drilling with hand-held
machines (or stopers, if boulders are wedged behind the brow of a draw
raise) and loaded with a light charge and blasted; or they may be
broken by "mud-capping," which consists in placing a charge of
explosive on top of the rock to be blasted and plastering it down
with clay 'or wet fine material.

Block-holing is the approved method, from a safety standpoint,
and powder consumption usually is appreciably' less than when
breaking is done by mud-capping. Furthermore, if several mud-capped
boulders are blasted together the concussion from the first one to go
may throw the charge off one or more of the others.

Data on explosives consumption in stoping are presented in table 34.

HANDLING ORE IN STOPES

With som.e methods of stoping, the broken ore moves by gravity
directly to the loading chutes on the haulage level without any han
dling from the time it is blasted until it is drawn from the chutes.

Thus, in shrinkage stoping the ore is drawn from the bottom of the
column of broken ore that fills the stope, through closley spaced chutes
on the haulage level. In sublevel stoping (fig. 86) the ore is blasted
out into an open stope and falls into funneled raises or mill holes, and
no handling is needed except where benching down is done in two or
more steps, when some shoveling may be necessary to clean off the
lower benches. With block-caving, most of the ore broken in under
cutting falls by gravity into raises previously driven at close intervals,
and very little shoveling is required. After caving starts, the stopes
are not entered, of course, and the caved ore is drawn by gravity
through draw sets or finger raises and is passed tllrough grizzlies to
the loading chutes. Thus, there is no handling of ore in the stope
proper. In underhand benching to mill holes considerable hand
shoveling may be required to clean off the lower benches after blasting.

Cut-and-fill and square-set stopes often are carried on an angle
slightly steeper than the angle of repose of the broken ore (rill stoping)
so that it will run by gravity to the chutes and thus a minimum of
shoveling be required.

In flat-back (horizontal) cut-and-fill stopes, square-set stoping with
horizontal floors, top-slicing, and sublevel caving some ore handling
must be done in the stopes, although the amount may be reduced by
providing closely spaced ore passes. The cost of building and main
taining a large number of ore passes may be greater, however, than
that of wheeling, tramming, or scraping the ore in the stopes, espe
cially in higll stopes in heavy ground.

In mining tabular deposits dipping at angles flatter than the angle
of repose of the broken ore, it becomes necessary either to drive drifts
in the footwall and put up rock raises to the stopes for gravity han
dling or to adopt some means for moving the broken ore down the
dip. The former entails high preparatory expense for deadwork, and
since the development of relatively inexpensive and very efficient



TABLE 34.-Explosive consumption in stoping
1. OPEN STOPING

~
~

C'

l\1:ine Variation of ~toping method Kind and grade of ex
plosive How fired 1 Stemming

Explosive
per ton ore

broken,
pounds

Remarks

~
trj
H
>
~
I

~
H

~

~
Q

I-d
~

>o
H
I-i
o
t.:rJ

Bench holes sprung twice.

Bulldo1'.ing, 0.167 pound
per ton included.

Overhand holes cham
bered:

Do.

Thin ore body.

Holes sprung twice .

11aximum depth of holes
18 feet.

Primers inserted in card
board tubes.

75 percent bulk and 25 per
cent ammonia gelatin.

.565

.459

.502

0.750

.594

.805

. 875

.741

1.120

1.265

13 .799

.420

1.050

13 .490

13.705

13.619
13.610

13.674
13 .500
16 .755

13 .451

rnnA

Clay cartridge _

rin

rin

Fuse and No.8 caps -_

__- .. do -------- I Tailings -- ---- --
Fuse and NO.8 caps __ None _
Fuse and NO.6 caps __ ?- _

.Fuse and No.6 caps __

Fuse and No.6 caps __ I Tailing sludge .

Electric_ -- ---- _--- 1_ - - ----- -- ---- -- --

Ammonia, 3~) percenL 1_ - -- __ - - -- - - -- -- ---- - - --I

Gelatin dynamite, 25 and 1' 1' _

40 percent.
Gelatin ctynamite, 40 per- _

s~eci~i bulk dynamite --I

Ammonia, 35 and 60 per- 1 1 _

cent.

__ do_ -- 1

Casual pillars, heading, and
bench.

dO·
1

Tri-State No.2

Tri-State NO.1

No.8, Southeast Missouri 11__

Marquette No.1, Mich.l 2__ ._

Lead mine, Southeast !vIis
souri.!

Mascot,

Montreal, WisP --I

AmIllonia, 33 percent;
prirners, 30 percent gel-
atin.

Waco, Mo.• do_ __ Bulk, 15 and 25 percenL __
Barr, Rans. 5 .. _.do Ammonia,40 percent
Tri-State NO.3 6_____________ Casual pillars, breast stoping Gelatin dynamite, 20 per-

cent.
Hartley-Grantham, Tri-State Casual pillars, heading, and Gehltin dynamite, 30 per-

districtJ bench. cent.
Hartley, Tfi.·State district ~ do Ammonia, 40 percent;

primers, 35 percent;
gelatin dynamite.

-1-- - __ do_ - - --- - -I Bulk gelatin, 35 percent;
ammonia gelatin, 35
percent. . . .

Ammonia gelatin, 40 per-I dO 1 Dnll cnttmgs m
cent. cartridges.

Gelatin dynamite, 30 per- ----
cent.

L. F. amulOnia, 50 per- -- _
cent.

Ammonia, ,10 percent __
Gelatin dynamite, 40 per- 1 1 _

cent.

~~~ri:~l~;r~;~~,;;,~;,: ::: _-: •• 1= §;lb~~ve~: SiO~i;,~~::alI :~i~n:I•• ~~- •••=.:.:.:: ••::--,- -- ------------ ----,- --- -------- -- --
holes.

Sublevel stoping; all up
holes.

Hanover-Bessemer, N. MexY__ I Underhand benching to in- 1 .1 1 _

elined raises.
Casual pillars, breast, and

heading and bench.
Regular pillars, underhand

benching.
Hegular pillars, breast stop

ing.

Casnal pillars, m i Il-h ole
benching system.

Regular stope and pillar;
breast stoping.

Menominee No.1, MiCh,14 1 Sublevelstoping _
IroIlIllineA __ ___ .. do

Mineville, N. _

r ~ 20

M...ar.Y..'.. Ien.n... --.--.-. _.-----------1
Va:r:tadium, 0019.21 --------



EI Potosi, Mexico ~2 1 Underhand glory hOle / Gelatin dynamite, 35 per-j No.6 caps and fuse or 1 1
cent. electric.

Mount Isa, Queensland 23 Sublevel stoping, "ring drill- Gelatine dynamite, 40 and Electric _
ing." 60 percent.

. 384 \

. 427 Space blasting with 1W- by
8-inch wooden spacers.

II. SHRINKAGE STOPING

16 Includes some development, shrinkage stoping, and pillar mining.
17 Schaus, O. M., Mining Methods and Costs at the Montreal Mine, Montreal, Wis.:

Bureau of Mines InL Circ. 6369, 1930, 29 pp.
B Kniffin, L. M., Mining and Engineering Methods and Costs of the Hanover-Bessemer

Iron & Copper Co., Fierro, N. Mex.: Bureau of Mines InL Circ. 6361, 1930, 20 pp.
19 Cummings, A. M., Method and Cost of Mining 11agnetite in the Mineville District,

1\ew York: Bureau of Mines InL Circ. 6092, 1929, 12 pp.
20 Kegler, V. I.., Mining Methods of the Ducktown Chemical & Iron Co., Mary Mine,
Isabella, Tenn.: Bureau of Mines InL Circ. 6397, 1931, 9 pp.

21 Burwell, Blair, Mining Methods and Costs at the Vanadium Mine of the United
States Vanadium Corporation, Rifle, Colo.: Bureau of Mines InL Circ. 6662, 1932, 9 pp.

22 Walker, Harlan A., Mining Methods and Costs at El Potosi Mine, 'EI Potosi Min
ing Co., Chihuahua, Mexico: Bureau of Mines In£. Circ. 6804, 1934, 38 pp.

23 Kruttschnitt, J., and Mann., V. 1., Mining Methods and Costs at the Mount Isa
Mines, Ltd., Queensland, Australia: Bureau of Mines InL Circ. 6978, 1937, 35 pp.

24 Gardner, E. D., Mining Practice at Harmony Mines Co., Baker, Idaho; Bureau of
Mines InL Circ. 6240, 1930, 8 pp.

25 Nelson, W. 1., Mining Methods and Costs at the Engels Mine, Plumas County,
Calif.: Bureau of Mines InL Circ. 6260, 1930, 22 pp.

26 Elmer, W. W., Mining Method and Costs at the Black Butte Quicksilver Mine,
Lane County, Oreg.: Bureau of Mines InL Circ. 6276, 1930,8 pp.

27 Heizer, O. F., Method and Cost of Mining Tungsten Ore at the Nevada-Massachu
setts Mines at Mill City, Nev.: Bureau of Mines InL Circ. 6284,1930,13 pp.

28 Hezzelwood, G. W., Mining Methods and Costs at the Consolidated Cortez Silver
Mines, Cortez, N ev.: Bureau of Mines In£. Cire. 6327, 1930, 15 pp.

29 Graff, W. W., Mining Practices, Methods, and Costs, Mine No.4 of the Marquette
Range, Mich.: Bureau of Mines Inf. Circ. 6390, 1930, 8 pp.

30 Dickson, R. H., Methods and Costs of Mining Copper Ore at the Verde Central
Mines (Inc.), Jerollle, Ariz.: Bureau of Mines InL Circ. 6464,1931,13 pp.

r.J2
1-3
o
~
H

~
Q

~
OJ
1--1-

Considerable secondary
breaking.

Includes some pillar blast-
ing with long holes.

Ore 20 feet wide.

Ore averages 4~ feet thick.

Average are width 7 feet.

Stapes 20 to 25 feet wide.

2.05

.813

1. 16

1. 650

2.030

1.160

13.670

None _

?------------------1
Sawdust and clay'

cartridges.

Fuse and No.8 capS-_I i

?- --- - - ----------------

Electric 220-volt cir
cuit.

Gelatin dynamite 35 per- I
cent.

Ammonia dynamite 40'
percent; some 25,60, and
90 percent.

Gelatin dYnamite 35 per-I Fuse and No.6 caps __ I 1

cent.
__ ___ do do ,

Black Butte, Oreg. 26 ------I-----do------ 1

Cortez,

Harmony, Idaho 24 - -Ion drift pillars; stoper holes --I
Engels, Calif. 25 -1 On drift pillars; breast holes __

Nevada-Massachusetts, Nev,27_1 On pillars; both stoper and
breast holes.

On pillars; breast holes Gelatin dynamite 40 per-I , I
cent.

Marquette No.4, MiCh,29 j On pillars; breast holes; semi- Gelatin dynamite 50 per- _
shrinkage between pillars. cent.

Verde Central, Ariz.30 On stulls; both stoper and Gelatin dynamite 40 per-
breast holes. cent; some 60 percent in

hard are.
1 Unless otherwise indicated, blasting probably with fuse and caps.
~ Netzeband, W. F., Method and Cost of Mining Zinc and Lead at No.1 Mine, Tri

State Zinc and Lead District, Picher, Okla.: Bureau of Mines InL Circ. 6113,1929,11 pp.
. 3Netzeband, W. F., Method and Cost of Mining Zinc and Lead Ore at Mine No.2,
Tri-State District, Picher, Okla.: Bureau of Mines InL Circ. 6121, 1929, 11 pp.

4 Banks, L. M., Mining Methods and Costs in the Waco District: Bureau of Mines
InL Circ. 6150, 1929, 10 pp.

5Keener, O. W., Method and Cost of Mining at Barr Mine, Tri-State Zinc and Lead
District: Bureau of Mines InL Circ. 6159, 1929, 9 pp.

6Netzeband, W. F., Method and Cost of Mining Zinc and Lead at No.3 Mine, Tri
State District, Crestline, Kans.: Bureau of Mines InL Circ. 6174, 1929, 10 pp.
, 7 Keener, O. W., Methods and Costs of Mining at the Hartley-Grantham Mine, Tri
~tate Zinc and Lead District: Bureau of Mines Int. Circ. 6286, 1930, 8 pp.

8 Anderson, C. N., Mining Methods and Costs at the Interstate Zinc & Lead Co.'s
Hartley Mine, Tri-State Zinc and Lead District: Bureau of Mines InL Circ. 6656, 1932,
16 pp.

9 Poston, R. H., Method and Cost of Mining at No.8 Mine, st. Louis Smelting & Re
fining Co., Southeast Missouri District: Bureau of Mines InL Circ. 6160, 1929, 22 pp.

10 Jackson, Chas. F., Methods of Mining Disseminated Lead Ore at a Mine in the
Southeast Missouri District: Bureau of Mines InL Cire. 6170, 1929, 21 pp.

11 Coy, H. A., Mining Methods and Costs, American Zinc Co. of Tennessee, Mascot,
Tenn.: Bureau of Mines InL Circ. 6239, 1930, 11 pp.

12 Eaton, Lucien, Method and Cost of Mining Hard Specular Hematite on the Mar
quette Range, Michigan: Bureau of Mines Inf. Circ. 6138, 1929, 14 pp.

13 Per long ton (2,2'10 pounds). .
14 Eaton, Lucien, Mining Soft Hematite by Open Stapes at Mine No.1, MenomInee

Range, Mich.: Bureau of Mines InL Circ. 6180, 1929, 10 pp.
15 McNaughton, C. H., Mining Methods of the Tennessee Copper Co., Ducktown,

Tenn.: Bureau of Mines Ini. Circ. 6149, 1929, 17 pp.



TABLE 34.-Explosive consumption in stoping-Continued
"0. SHRINKAGE STOPING-Continued

~
~
~

Mine Variation of stoping method Kind and grade of ex
plosive How fired Stemming

Explosive
per ton ore

broken.
pounds

Remarks

~
t;j
H

~
~
~
~
Q

~

~o
H
H
o
t;j

Remarks

On level or on drift pillars.
On drift pillars .
(1928.)
0929.)
Vein narrow.
30 percent explosive ior buildoz

ing consumes 20 percent of
total.

Includes some explosive used in
development.

.710

1. 050 I Pillars in wide or lean ore.
On timbers in narrow
good ore.

1. 239 Average width vein, 6 feet.
.314 14-foot holes with wood spa

cers in top half.
2.300 Mostly narrow viens.
1. 500

. 763 Holes up to 12 to 15 feet
long.

0.44
.533
.693

. 415

. 345

.85

.73
2.568
.55

2.540

2.98

.80
4g 4.48

Explosives,
pounds per
ton broken

How fired

ito

Fuse and No.8 caps I 1

Fuse and No.8 caps __ -' Yes _

~~sc~~~~_ ~~_ ~_~~~~ ~ ~ I~ ~~~~=============== I

Kind and grade of explosiveVariation of cut-and-fill stopingMine

III. CUT-AND-FILl. STOPING

Kirkland Lake. Ontario 31 On stulls; breast holes_ IGelatin dynamite 40 per- I -do----------------- I -------------------- 1

cent.
Vipond. Ontario 32 On timbers and on pillars; __ do _

breast holes.

Elkoro. Nev.33 ___ __ On stull timbers; stoper holes do _
Mount Hope. N. J.34 On pillars; breast holes Gelatin dynamite 40 and

50 percent.
Cresson, 0010.35 __ _ __ On pillars; stoper holes_____ __ Gelex No. 2 _
Hog Mountain. Ala.36 Usually on pillars; stoper Gelatin dynamite 60 per-

holes. cent.
Eustis. Quebec 37 On pillars; breast holes_____ Gelatin dynamite 40 per-

cent.
United Verde, Ariz.38 Horizontal on pillars Gelatin dynam·te 50 per-

cent.

tiea:l~~~da~~4f_~~~_:g_-_-_========= :l:i~~:~~e~nag~i~lfil~~~~~ ~ ~ ~ == == ==== 1_ ~~~~~~_~~~~_~_i~~_~~ ~~~~~~~==1_ ~~~~ _~~~_ ~~~ _8_~~~_S_-~= ==I
Morning, Idaho 4.1 do Gelatin dynamite 25, 35, 40

percent.

Pllares, Mexico 42_ -------------- - {~~l~~~~~~~~ === ==~. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ========
Pecos, N. Mex.43 -------------- Horizontal on drift pillars 1 Gelatin tdynamite 2.1) and 40 I}- _--- ------------------I{

percen .
~lo.ck P '7'~.??t.,,4.~:~ -.t~ ----------- - !!~~~z~~!~! _res1!!~r;,gJ.n narrowest ore_ ~e!a~!n qyna~~e ~Q percen~_ _ !use anq ~o. ~ caps _
UnIted V taut', .l\..l.ll..- I tlUnZUIlLal un pl11arS I llelatln aynamne nu percenL_1 14 use ana NO. ~ caps _

Questa, N. Mex.46 1 Horizontal on timbers 1 Gelatin dynamite 40 percenL_1 Fuse and No.6 caps _

Champion, Mich.47 Sublevelinclined on timbers Fuse and cap _
Cold Springs, 0010. 48 Flat back on stuUs. Resuing in Gelatin dynamite 40 percenL do

1
narrow ore.



42 Leland, Everard, Mining Methods and Costs at the PHares Mine, Pilares, Sonora,
NIexico: Bureau of NIines Inl. Circ. 6307, 1930, 34 pp.

43 Matson, J. T., and Hoag, C., Mining Practice at the Pecos Mine of the American
Metal Co. of New Mexico: Bureau of Mines InL Circ. 6368, 1930, 25 pp.

44 Vanderburg, W.O., Mining Methods at the Block P Mine of the St. Joseph Lead
Co., Hughesville, Mont.: Bureau of Mines Inl. Circ. 6416, 1931, 14 pp.

45 Quayle, T. W., Mining Methods and Practices at the United Verde Mine, Jerome,
Ariz.: Bureau of Mines Inl. Circ. 6440, 1931, 31 pp.

41\ Garman, J. B., Mining Methods of the Molybdenum Corporation of America, at
Questa, N. Mex.: Bureau of Mines Inf. Circ. 6514, 1931, 15 pp.

47 Mendelsohn, Albert, Mining Methods and Costs at the Champion Mine, Painesdale,
Mich.: Bureau of Mines Inl. Circ. 6515, 1931, 16 pp.

48 Vanderburg, W.O., Methods and Costs of Mining Ferberite Ore at Cold Springs
Mine, Nederland, Boulder County, Colo.: Bureau of Mines Inf. Circ. 6673, 1932, 15 pp.

49 Based on sorted ore. Ore broken was 6.51 times the tonnage of sorted ore; thus the
explosive consumption per ton broken was 0.69 pound.

50 Herivel, E. Ph., Mining Methods and Costs at the Teziutlan Copper Mine of the
Mexican Corporation, S. A., Teziutlan, Puebla, Mexico: Bureau of Mines Inf. Circ.
6736, 1933, 16 pp.

51 Skavlem, H. G., Mining Methods and Costs at the McIntyre Porcupine Mines,Ltd.,
Schumacher, Ontario: Bureau of Mines Inf. Circ. 6741, 1933, 19 pp.

52 Gardner, E. D., Mining Methods and Costs at the Mine of the St. Joseph Lead Co.,
Atlanta, Idaho: Bureau of Mines InL Cire. 6823, 1935, 7 pp.

53 Wiles, Gloyd M., Mining Methods and Costs at the Park City Consolidated Mines
Co., Park City, Utah: Bureau of Mines Inl. Circ. 6880, 1936, 13 pp.

U1
H
o
I-d

~
o

Some shrinkage and a little
square-set stoping.

Some square-setting in widest
ore.

.947

.870

.148

.552

3t Dumbrille, J. C., Mining Methods of Kirkland Lake Gold-Mining Co. (Ltd.); at
Kirkland Lake, Ontario: Bureau of Mines Inf. Circ. 6490, 1931, 12 pp.

32 Dye, R. E., Mining Practices and Costs of the Vipond Mine Timmins, Ontario:
Bureau of Mines Inf. Circ. 6525, 1931, 11 pp.

33 Park, J. F., Mining Practices, Methods, and Costs at Elkoro Mines, Jarbidge, Nev.:
Bureau of Mines Inf. Circ. 6543, 1931, 12 pp.

34 Sweet, J. R., Mining Methods and Costs at the Mount Hope Mine of the Warren
Foundry & Pipe Corporation, Mount Hope, N. J.: Bureau of Mines Inf. Circ. 6601, 1932,
31 pp.

35 Beebe, A. H., and Johnson, C. H., Mining Methods and Costs at the Cresson Mine,
Ocipple Creek, Colo: Bureau of Mines Inf. Circ. 6805, 1934, 14 pp.

36 Johnson, N. 0., Mining and Milling Methods and Costs, Hog Mountain Gold Min
ing & Milling Co., Alexander City, Ala.: Bureau of Mines Inf. Circ. 6914, 1936, 23 pp.

37 Snow, Fred W., and Brownbill, H. F., Mining Methods and Costs at the Eustis
Mine: Canadian Min. and Met. Bull. 286, February 1936, Transactions Sec., pp. 70-85.

as Quayle, T. W., NIining NIethods and Practices at the United Verde l\Iine, Jerome,
Ariz.: Bureau of Mines Inf. Circ. 6440, 1931, 31 pp.

311 Richert, G. 1., Mining Methods at Minas de Matahambre, Pinar del Rio, Cuba:
Bureau of Mines Inf. Circ. 6145, 1929, 18 pp.

40 Foreman, C. H., Mining Methods and Costs at the Hecla and Star Mines, Burke,
Idaho: Bureau of Mines Inl. Circ. 6232, 1930, 21 pp.

41 Wethered, C. E., and Coady, L. J., Mining Methods at the Morning Mine of the
Federal Mining & Smelting Co., Mullan, Idaho: Bureau of Mines Inf. Circ. 6238, 1930,
l3pp.
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Atlanta, Iaaho 152 do_ ___ _ Gelatin dynamite 30 percenL_I do __ - - --------------

~ Park City Consolidated, Utah 153_ Inclined on timbers do -- do_ - - - - -------------1
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TABLE 34.-Explosive consumption in stoping-Continued

IV. SQUARE-SET STOPING

tv
O':l
~

\fine Variation of square-set
stoping Kind and grade of explosive How fired

Explosives,
Stemming I pounds per

ton broken
Remarks

Explosive,
RemarksMine Kind and grade of explosive How fired Stemming pounds per

ton broken
------------_._-------

{AmmOnia, 30 percent for block-
}Mostly electric- _- _____________ Sand-filled cartridges-- __ { 0.24 (1927) }About 63 percent of total forMorenci, Ariz.61__________________ holing. Gelatin dynamite, 40 . 19 (1928) block-holing.percent in undercutting.

{ .252 (1927)Ray, Ariz.63 _______________ .• ______ Gelatin dynamite, 30 percent. _______ Mostly fuse and cap __________ ------ ---- ------ - - -- - - - - -- .319 (1928)
Ammonia gelatin, 25 percent. _______ ------------.------------- { .0:35 Undercutting.Braden, Chile 63__________________ - - - - -- - - - - - - - - - - - - - - - - - - - - - - - ---- . 038 Chute and ore-pass blasting.
Gelatin dynamite, 40 percent. _______ Electric for chute blasting_____ -------------------------- { .1725 Mining.Miami, Ariz.64 ___________________

. 0500 Chute-blssting.
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Includes some powder used in
development.

0.39
1. 01

.418

.63
1. 01
.77
.36

V. BLOCK-CAVING

United ver~~;x~-e~sion,Ariz.64I'~~~~~e-ctions I-;::~~~~~~~=I 1-----1

Argonaut, Calif. 55 .______ Horizontal floors. __ Gelatin dynamite 30 percent. _ Fuse and No.6 caps _

Tintic Standard, Utah 66_ _ __ _ __ Vertical sections____________ Gelatin dynamite, half 25 per- _
cent, half 40 percent.

,Ground Hog, N. Mex.67 __ . Rill _
,central Eureka, Calif. 68 _ _ _ _ _ _ _ _ Horizontal floors_ _____ __ Gelatin dynamite, 40 percent. __ Fuse and No.6 caps _
~alache, Idaho 611 do _
:Bawdwin, Burma 60____________ Rill_ _ Gelignite .10 percent. Fuse and No.7 caps _

VI. SUBLEVEL CAVING AND TOP-SLICING

Mine and reference Variation of stoping method Kind and grade of explosive How fired
Explosive,
pounds per Remarks
ton broken

..Eur.eka-Asteroid, !\.fich.66 1 Sublevel caving--- j Gelatin dynalnite, 40 percent. j Fuse and caps 1
Montreal, WiS. 66 .do .. ______ ___ __ ____ ___ __ Ammonia gelatin, 35 percent. do _

DO.67_____ __ Sublevel caving, large-pillar method____ Gelatin dynamite, 40 percent.---- __ Fuse and No.6 caps _
Mine 16 67 Sublevel caving and top-slicing Gelatin dynamite, 50 percent. Fuse and caps- I

0.382
.394 11928.
.625 1937.

69.421



Mine 20 68 do Ammonia gelatin, 40 percenL do _
Mine 1, Minn. 71 Parallel top-slicing Ammonia gelatin, 35 percent, and special do _

gelatin, 40 percent.
Mine 2 68 do_____ __ __ Special gelatin, 35, 40, and 60 percent do _
Mine 3 68 do_____ __ _ Special gelatin, 40 percent do _
Mine 4 68 do_____ Gelatin dynamite, 35 percenL -- -- do _
Mine 5 68 do_____ __ __ __ Special gelatin, 30 percenL - do _

Mine 6
68

-------------------- Radial top-slicing_ -------------------- {g~~:U~ ~~~:~t~~: ~g ~~~~~~~~~~~~~~======= -Fuse-an(fcaps~~===============

~i~~ ~j;6;~~~~~: ~ ~ ~: ~: ~ ~ ~ ~ ~ ~ ~ ~;;-: :~~~firl~~~~~f~i~~~~~ ~ ~-~;;;~;;;;:;~;;-{~~~n~~~~~~~}~;yi~g~1L~:;::: ~:: ~ ~IF;;~;:: ~; ~ ~::; ~: ~;: ~;; ~:
Mine 11 68________________________ Radial and parallel top-slicing do do _
Mine 12 68 Parallel top-slicing Gelatin dynamite, 50 and 60 percenL do _
Mine 13 68 do do do _
Mine 14 68 - - -- do -- __ ------- __ -- _-- -- -- -- -- -- -- -- __ -- -- --I

7°.553
69.395

7°.601
7°.694
7°.463
7°.530
70.473

.061
70.396

.003
7°.547
7°.372
7°.244
7°.482
7°.319
7°.353
7°.467

54 D'Arcy, R. L., Mining Practice and Methods at the United Verde Extension Mining
Co., Jerome, Ariz.: Bureau of Mines Inf. Cire. 6250, 1930, 11 pp.

55 Vanderburg, W.O., Mining Methods and Costs at the Argonaut Mine, Amador
County, Calif.: Bureau of Mines lnf. Circ. 6311, 1930, 14 pp.

56 Wade, J. W., Mining Methods and Costs at Tintic Standard Mine, Tintic District,
Utah: Bureau of Mines Inf. Circ. 6360, 1930, 21 pp.

57 Richard, F. A., Mining Methods and Costs at the Ground Hog Unit, Asarco Mining
Co., Vanadium, N. Mex.: Bureau of Mines Inf. Circ. 6377, 1930, 13 pp.

58 Spiers, James, Mining Methods and Costs at Central Eureka Mine, Amador County,
Calif.: Bureau of Mines Inf. Cire. 6512, 1931, 12 pp.

59 Skidmore, Joe H., Gold Mining and Milling Methods and Costs at the Gold Hill
Mine of Talache Mines, Inc., Quartzburg, Idaho: Bureau of Mines Inf. Circ. 6985, 1938,
15 pp.

fiO Calhoun, A. B., Mining Methods at Bawdwin Mine: Trans. Am. Inst. Min. and
Met. Eng. (issued with Min. and Met.), vol. 69, August 1923, pp. 208-247.

61 Mosier, McHenry, and Sherman, Gerald, Mining Practice at Morenci Branch,
Phelps Dodge Corporation, Morenci, Ariz.: Bureau of Mines Inf. Circ. 6107, 1929, 33 pp.

62 Thomas, R. W., Mining Practice at Ray Mines, Nevada Consolidated Copper Co.,
Ray, Ariz.: Bureau of Mines Inf. Circ. 6167,1929,27 pp.

63 Webb, J. S., and Skinner, T. W., Mining Methods and Costs at the Braden Copper
Co.'s Mines, Sewell, Chile: Bureau of Mines In!. Circ. 656fi, 1932, 13 pp.

64 Maclennan, F. W., Miami Copper Co., Method of Mining Low-Grade Ore Body:
Trans. Am. lnst. Min. and Met. Eng., vol. 91, 1930 (Yearbook), pp. 39-86.

65 Schaus, O. ~f., Method and Cost of Mining Hematite at the Eureka-Asteroid Mine
on the Gogebic Range, Gogebic County, Mich.: Bureau of Mines Inf. Circ. 6348, 1930,
13 pp.

66 Schaus, O. M., Mining Methods and Costs at the Montreal Mine, Montreal, Wis.:
Bureau of Mines Inf. Oirc. 6369, 1930, 29 pp.

67 Bowen, R. A., Sublevel Caving, Large-Pillar Method, at the Montreal Mine: Am.
Inst. Min. and Met. Eng., Mining Technology, Tech. Pub. 886, March 1938.

68 Jackson, Chas. F., and Gardner, E. D., Stoping Methods and Oosts: Bureau of
Mines Bull. 390, 1936, 296 pp.

69 Stoping and development, per long ton.
70 Stoping only, per long ton.
71 Haselton, W. D., Underground Mining Practice and Costs at a Mesabi Range

Minn.) Mine Using the Top-Slicing System: Bureau of Mines InL Circ. 6325, H}30,
(11 pp.
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power scraping equipment, it is usually more economical to scrape
the broken ore down on the footwall and thus avoid driving drifts
and raises in the barren rock of the footwall (fig. 111). 'When the
dip is only slightly less than the angle of repose of the broken ore,
stationary steel slides alone or steel slides in which a littl~j water is
running ~re sometimes employed to convey the ore from the stope to
the level. Where tIle dip is still flatter, steel shaking chutes have been
used successfully. The installation of steel slides or shaking chutes
conSUInes tiIne and is costly; they are subject to damage froIn blasting
or falls of ground and are a. source of annoyance and expense. Where
power is available, scrapers are much more flexible and efficient.

Haulaae level

X
HORIZONTAL PROJECTIO~ VERTICAL SECTION X~Y

'. X ..
,HORIZONTAL PROJECTION Scraper hoist VERTICAL SECTION X-Y

FIGURE Il1.-0pen stoping in Michigan copper mines. A, Large open stope with irregular pillars.
B, Long, narrow stopes separated by long, narrow pillars.

Scrapers are employed extensively for dragging broken ore to the
ore passes in horizontal or slightly inclined cut-and-fill stopes (fig. 112).
Figure 112 shows a scraper spreading filling at the left end of the stope.
When the back has been blasted and broken down onto tble floor at
the right end of the stope the scraper is moved to that side \vithout
moving the hoist, and the ore is dragged into the chute. WIlen all
factors are considered, horizontal cut-and-fill stoping using scrapers
or cars is often cheaper than gravity handling in rill stopes; reduced
efficiency of the 1l1iners when ,vorking on an inclined floor and extra
labor for bringing in and placing prop timbers and flooring and for
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setting up and rigging drills may more than offset the cost of seraping.
In square-set stopes, wing slides are used to divert broken ore from

one tier of sets to another that is used as an ore pass. These are merely
planks extending from one cap. or girt to the next one diagonally below
it. Their use considerably reduees the amount of hand shoveling,
but to eliminate it entirely by this method when working large hori
zontal floors a large number of chutes is required. When working in
vertical panels two to four sets wide, the use of wing slides will virtually
eliminate hand shoveling in the stopes. Wing slides are also employed
in stulled stopes (fig. 94).

Scrapers have been used successfully in square-set stopes working
large horizontal floors. 'rhus, at the Park Utah mine 39 it is stated

. Stull timbers Lagging
,A'

YERTICAL' LONGITUDINAl. ' PROJECTIOfi

FIGURE H2.-Scraping in cut-and·fill stope.

that scrapers have reduced stoping costs 30 percent. There the
scraper hoist is mounted on a truck that is moved parallel to the
hanging wall of the stope over a 3-inch plank floor to any desired line
of sets.

In flat beds or other flat deposits workefl by breast stoping or head
ing-and-bench methods, the ore must be loaded from the floor into
cars. Hand shoveling, serapers, and power shovels are all employed
for this purpose. Success with pan and belt conveyors ~or loading in
rooms and entries in coal mines suggests their probable future use in
metal mines.

At A, figure 113, is shown an electric shovel loading into cars in a
heading-and-bench open stope, and at B scraper loading from an
open breast stope into a string of cars on a main haulageway. Figure

39 Hewitt, E. A., Mining Methods and Oosts at the Park Utah Mine, Park City, Utah: Bureau of Mines
lnt. Oirc. 6290, 1930, p. 12.
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114 shows an electric scraper hoist pulling ore into a mill hole in a large
open stope.

In top slicing and sublevel caving, as practiced in the Lake Superior
iron mines, scrapers are used exclusively for dragging the broken ore
into raises (fig. 115 at A), or, where top slicing is done in thin ore
bodies of low dip angle, for loading cars direct (fig. 115 at B). When
loading directly into cars, a slide is constructed as shown. In thick
deposits where haulageways can be driven mostly in ore under most
of the slice area, with raises to the sublevels also in ore, the ore is
usually scraped to raises, as shown at A.

Mechanical handling reaches maximum efficiency when there is
enough broken ore to keep the equipment working at capacity orwhere
quick removal of the ore greatly increases the output of the stope by
permitting earlier resumption of ore breaking. One advantage of

FIGURE 113.-Mechanicalloading in flat open stopes. A, Electric shovel loading; into cars on stope track.
B, Power scraper loading in breast stope to cars on main haulageway.

scraping not possessed by other methods is that scrapers often can be
used to clean out ore in portions of stopes that it is unsafe to enter.
Thus, a fall of ore sometimes may be cleaned out by a scraper and
waste filling dragged in to take its place without endangering the lives
of the miners.

Ore handling in stopes is intermittent when considerable sorting
of ore and waste is necessary. Obviously, mechanical methods are
greatly handicapped under this condition and therefore hand shoveling
usually is preferred. Likewise, if only a small tonnage is to be
handled, the expense of installing mechanical equipment is not
warranted.

Hand shoveling directly into the ore passes or into wheelbarrows is
practiced where the passes are spaced at short intervals. Wider
spacing may mal~e it more advantageous to lay track and use cars for
transferring the broken ore from the muck pile (fig. 93). Oars are
used more generally in the wider stopes and direct shoveling and
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wheelba,rrows in narrow stopes. In wide stopes scraping often will
prove more economical than cars unless considerable sorting is neces
sary, and, hence, the choice of methods will be influenced largely by
the requirements for sorting.

VERTICAL CROSS-SECTION
A

B
FIGURE 115.-Power scraping in sublevel caving and top-slicing. A, Scraping to raises (sublevel caving)

B, Scraping to cars (top-slicing).

FILLING

Stope filling has been discussed by Jackson 40 in an earlier paper.
Filling long has been recognized as the most effective method of per
manently supporting the walls of mine workings and minimizing

.0 Jackson, Chas. F., Waste Filling of Stopes: Bureau of Mines Inf. Circ. 6816, 1935, 24 pp.
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movement and subsidence. It is used alone in cut-and-fill stoping
and in conjunction with framed timbers in square-set stoping for
support of weak walls during the working of the stope and for perma
nent support. In cut-and-fill stoping its function is to support the
walls and to provide a working floor; loose filling cannot be packed tight
enough against the back to hold great downward pressure and under
subsidence of the back it is compressible. Dry-pack walls have been
employed widely, especially in Europe, both to afford direct support
to the back and to retain loose filling.

Stope filling may be introduced (1) at frequent regular intervals
during stoping as one of the operations in a cycle, as in cut-and-fill
stoping, (2) after completion of a stope to afford permanent support,
or (3) to fill stopes in preparation for mining adjacent blocks of un
mined ore, such as pillars between stopes and crown or floor pillars.
Filling also is employed in emptied shrinkage stopes for the dual
purpose of providing permanent support to the walls and a rising
floor from which tongues of ore in the walls can be reached and the
walls can be prospected for blind lodes at various horizons. Mill
sands have been employed at Franklin, N. J., to fill the space above
top-slice caves in pillar mining between filled stopes and to provide a
eushion above the top slices to absorb the shock of any masses of rock
capping that may break loose. Waste filling is used for a similar
purpose in the Colorada ore body at Cananea, Mexico. Filling also
may be employed under some special conditions for extinguishing
mine fires.

Various filling materials are employed, such as waste rock from
development or from sorting in the stopes, waste shot off the walls of
the stope or broken in waste raises and crosscuts driven into the walls,
rock from surface quarries or sand and gravel pits, mill-tailing sands,
and granulated or crushed slag.

Rock from development often can be disposed of most cheaply by
using it for stope filling and may make it unnecessary to break waste,
especially for filling. In other instances the supply of development
rock may be inadequate and have to be supplemented by filling
material from other sources.

Where movement and subsidence over and around the workings
must be prevented, a filling that will settle or shrink the least after
placement is required. Sand filling usually shrinks the least of any
filling material in common use, whereas coarse rock will shrink con
siderably by reason of the gradual filling of the voids. Eaton 41 states
that coarse waste may compress as much as 10 to 25 percent before
the fill develops its full strength. At the Tintic Standard mine 42

filling in square-set stopes settles as much as 7 feet between levels
] 20 feet apart.

Coarse filling is objectionable in cut-and-fill stoping, as it increases
the difficulty of layiIlg an even floor under the next cut of ore.

The introduction and spreading of fill in the stopes constitute im
portant operations in cut-and-fill and square-set stopes. In rill
stoping, gravity is employed for this purpose, and hand work usually
is required only for spreading the fill immediately under the hanging
wall and for filling corners.

41 Eaton, Lucien, Sand Filling Through Pipes and Boreholes: Trans. Am. lnst. Min. and Met. Eng.,
vol. 102, 1932, pp. 33-42.

42 Wade, James W., Mining Methods and Oosts at the Tintic Standard Mine, Tintic District. Utah:
Bureau of Mines In!. Oirc. 6360, 1930, p. 11.
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In flat stopes, filling may be placed by hand, by power scrapers (fig.
112), or by wheelbarrows or cars (fig. 93). Sand is the easiest filling
material to spread, especially if scraping is employed, and, in addition
to conventional methods of handling, blowing or flushing may be used.
Thus, at Copper Range, stamp sands were at one time blown by
compressed air from a hopper through a 4-inch pipe for distances up
to about 250 feet an.d for 20 feet beyond the end of the pipe; air
pressure was 75 to 80 pounds.43 By blowing, sand can be placed
above the level of the intake and under bad ground where it is unsafe
for men to work.

At Matahambre, Cuba,44 about half the fill tonnage was made up
of mill sands in 1929. Mill tailings are pumped to a 30-foot bowl
classifier on surface near a raise from the mine workings. The sand
or rake product, to which water has been. added, is tal\:en througll a
special rubber-lined pipe down the raise and into the stopes to be
filled. Cnassified sands are also employed for filling in some of the
mines on the East Rand in Africa.45 The sand from the classifier
falls into a hopper above a, borehole, and enougll water--l part to
2 or even 3 parts of sand-is added to make it flow down the hole
(6 inches or more in diameter). Underground the sand-water mixture
is distributed in launders set at 5- to 30-percent gradient. The sand
packs solidly and provides almost perfect support for the hanging
wall. Costs are given as $0.185 per cubic yard of sand placed.

Wet sand that drains quickly and perfectly forms a fill that will
shrink very little. One objection to the use of water, of course, is
the cost of handling it as it drains from the fill. Another is the diffi
culty in sealing off the fill so that the water will drain immediately
but without (~arrying sand with it.

Costs of filling at different mines are not available on a comparable
basis; some reports give the cost of procurement of filling but not the
cost of placement, whereas a number of others give only the cost
of placing; some give the cost of filling per ton of ore mined and others
the cost per yard of filling. At the Tintic Standard mine, waste was
broken in an open-cut and delivered to the shaft at a contract price
of 20 cents per ton. In one open-cut at Cananea, 9 to 10 men delivered
310 tons of waste rock per day at a cost of 13 cents per ton. The
filling cost at Cananea during August and September 1929, in square
set, horizontal cut-and-fill , and rill cut-and-fill stopes, averaged 17
cents per ton of ore mined; in 1937 the cost of filling over top slices
between completed cut-and-fill stopes was $0.1704 per ton mined by
top-slicing.

In 1928 the cost of filling at Matahambre, including both rock and
sand fill, was $0.177 per ton mined.

In 1929 the labor cost of filling in cut-and-fill stopes at th.e Pecos
mine was 25 cents per ton of ore mined, in square-set stopes 18 cents,
and in underhand pillar stopes 26 cents.

At the Hollinger mine, Timmins, Ontario, sand filling is excavated
from a pit and transported to the mine over an aerial tramway 3.6

43 Schacht, w. H., Mining Methods of the Copper Range Co.: 'rrans. Am. lnst. Min. and Met. Eng.,
vol. 72, 1925, pp. 346-370.

H Richert, George L., Mining Methods at Minas de Matahambre, Pinar del Rio, Cuba: Bureau of Mines
Inf. Circ. 6145, 1929, 18 pp.
----, Filling Stapes with Mill 'railing: Eng. and Min. Jour., vol. 127, No. 19, Mar. 2,1929, p. 348.
Homer, D. D., Rubber Pipe Lining Minimizes Pulp Abrasion: Eng. and Min. Jour., vol. 182, No.8,

Oct. 26, 1931. pp. 367-368.
45 Eaton, Lucien, Work cited in footnote 41.
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miles in length. In 1934, the cost of excavating and transportation
was $0.1494 per ton of sand, including operation, power, maintenance,
and amortization of cable wear. 46 The cost of filling in the stopes
(horizontal cut-and-fill, fig. 93) during the same year averaged $0.1221
per ton of ore broken.47

At the McIntyre mine, Schumacher, Ontario, in 1930, it cost 50
cents per ton to break waste in stope crosscuts and 50 cents per ton
to handle it in cars and spread it by hand. In a large waste stope,
waste was broken by sublevel stoping at a cost of 10 cents per ton;
secondary breaking on grizzlies, loading, and tramming to the main
waste pass cost 25 cents per ton; and waste-stope development, grizzly
installation, etc., about 10 cents per ton, a total of 45 cents per ton
for waste procurement.

At Matahambre the cost of proeuring, handling, and distributing
mill-sand filling was as follows:

Cost per ton
of sand

Labor , - _______________________ $0. 105
Burlap (for ceiling off ore passes and manways through the

fill) ______________________________ __ _________________ . 048
Pipe 1.071
Pumping ____________________________________________ . 006
Po\ver_______________________________________________ . 020

.250
1 Pipe not worn out.

Actual cost, allowing for remaining useful life of pipe, \vas probably
not over 20 cents per ton.

TIMBERING

Timbering in stopes ranges from occasional light props or stulls to
temporarily support patches of unsafe ground to regular timbering
with square sets and large bulkheads or "cribs" of solid timbers.

Regular stull timbPoring has been mentioned. Figure 94 shows this
type of timbering in a narrow, steep-dipping vein. Figure 116 shows
regular stull timbering in the Conglomerate mine, Cnlumet, Mich.,
where mining operations were conducted at great depths without fill
ing 48 in a flat-dipping lode. A retreat system of mining was employed,
whereby stopes 100 feet long were worked up quickly from one level
to the next, using clusters of heavy stulls for temporary support and
then allowing the hanging wall to crush down on the timbers and cave.
Standard practice in ore up to 20 feet thick \vas to use four rows of
stulls in clusters of two 18-inch to 24-inch-diameter timbers alongside
each other, set 7 feet apart between clusters, and in rows on 7-foot
centers (fig. 116). Above the four rows, single stulls were used since
the upper part of the stope did not have to remain open very long.
A double row of "breaker" stulls was set along the end of each 100-foot
section to confine the breakage of the hanging wall to the worked out
section inby of the section being worked. The heavy timbers used
in this mine had to be lifted into position by block and tackle.

Stulls are used incidentally in shrinkage stopes and either inciden
tally or in a systematic manner in cut-and-fill stopes, as shown in

46 Williams, Maurice E., Back-Fill.-Procurement, Transportation, and Distribution: Canadian Min.
Jour., September 1935, pp. 418-420.

47 Young, Arthur W., Mining: Canadian Min. Jour., September ]935, p. 387.
48 Vivian, Harry, Deep Mining Methods, Conglomerate Mine of the Calumet & Hecla Consolidated

Copper Co.: Bureau of Mines, Inf. Cire. 6526, 1931, 20 pp.
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figure 92 (stringer-set-and-fill system). In the latter instance vertical
posts generally are set between the stulls, and girts or ties are used for
horizontal bracing. To support weak spots in the back, occasional
props are often set on the fill, with a headboard on top and under the
stope back and with sill boards underneath on top of the fill. In wide
stopes with a slabby back, temporary stringers supported on posts
may be employed, as shown in figure 93, in which case most of the
timber may be recovered aIld used again. Larger areas of heavy
back may be supported on cribs as shown in figure 117, which shows
inclined cut-and-fill stoping between lines of square-set timbers at the
Campbell mine, Bisbee, Ariz. At B in this figure is also shown an
umbrella stull with severallaggings laid across the headboard to cover
more hanging-wall area.

ENLARGED CROSS-SECTION ON C-C
B
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ENLARGED CROSS-SECTION ON A-A
A

FIGURE 117.-Inclined cut-and-fill stoping between lines of square-sets, Campbell mine, Bisbee, Ariz.

In square-set stoping, the timbers may be either round or sawed
but in eitller case are framed at the ends to fit together so that, as
pressure develops, the joints tighten (fig. 95, A). The framing at
different mines varies considerably in detail, but there are two general
types of joints-the post-butting and the cap-butting type. Figure
118 shows several typical methods of framing. At A and B are shown,
respectively, sawed timbers framed with post- and cap-butting joints;
at C and D are shown methods of framillg round timbers; and E
illustrates the Moore diagonal set, in which the posts are replaced by
diagonal members, a useful method where, for any reason, a vertical
post cannot be set. Gardner and Vanderburg 49 have compared
the post-buttiIlg and cap-butting types as follows:

Although the post-butting type has an advantage under some conditions and
continues to be used, present practice tends toward the adoption of the cap-butting
type of framing. Where both side and top pressures are encountered the cap-

40 Gardner, E. D., and Vanderburg, W.O., Square-Set System of Mining: Bureau of Mines Int. CireQ
6691, 1933, pp. 12-16.



STOPING 275

c

~
.

0 ...._11 lU''ttt\ T~IO·

16'<1'.....

M../ __
~.

0--» l-.n,'" 1:10'

FIGURE 118.--Typical methods of framing square-set timbers. A, Cananea (Me,xico) post-butting joint.
B, Bingham (Utah) cap-butting joint. C, Page (Idaho) cap-butting joint, round timbers. D. Beveled
joint on round timbers. E, Moore diagonal set.
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butting type is preferable, as the long horn on a post of a post-butting set is a
point of weakness. The strength of a post is proportional to the area of cross
section over which the load is distributed. If a post has an area of 12 by 12
inches and the bearing on its end is confined to a 6- by 6-inch area, the timber
will begin to fail as soon by crushing as though its full cross section were only 6
by 6 inches; consequently, the post-butting joint is not as strong as the other.
The pressure coming on the horn of a post has a tendency to split and spread it
and in so doing may force the caps and girts from their seats on the post. Fur
thermore, the bearing area of the horn is small laterally, and if the horn is crushed
when pressure comes upon it the sets may be forced out of alinement. These
objections are largely eliminated with the cap-butting joint, because where the
caps butt against each other the horn or tenon on the post is short and has a rela
tively large cross-sectional area; consequently, when the caps are compressed
the weight is carried over the greatest cross section of the post instead of on the
long, narrow horn. A joint \vith the post-butting also generally has the dis
advantage of a relatively deep rnortise at the top; this mortise often becomes
filled with fine ore from blasting, so that if it is not entirely cleaned out an im
perfect joint results when the next post above is placed. Moreover, miners are
disposed to cut off the horn at the bottom of the post instead of cleaning out the
hole to fit the horn.

In framing square-set joints a relatively larger proportion of the original timber
is cut away in making the horns for a post-butting set than in forming the tenons on
a cap-butting set. Consequently a little more timber is required for a set of the
former type. However, as shown in table 35, fewer cuts with the saw are required
in framing a typical post-butting set; this extra framing for a cap-butting set
about offsets the saving in timber over the other type of set.

(Table 35 also gives other details covering types and sizes of
square-set timbering employed at a number of individual mines.)

In the post-butting type of fraIning, the horns usually are the same length on
each end of the post and both ends are framed symmetrically.



TABLE 35.-Types and sizes of square sets

LocationFig-I Name of mine or set I
ure

I I I

I

, '. . Over-all lengths of Oenter-to-center di- . Timber

I I
SectlOn, Inches (rd =round) I members I mensions Saw Ore per TImberl I?er cu-

Type of framing I I I I--~--~I----I---I-~-I---I-I cg::' I c~e~ic IP~~:;j'31~~C1~e~t
. Verti- Oap- Girt- set 1 feet 2 feet board

__ I_~ I I------I-~~~,~~~~~t__e~J wise Wis'- feet_

U1
Ho
t-d
H

~
Q

~
-..:I
-..:I

.73

.63

0.66
.45
.39

.76

.65

.62

.64

.71

.62

.74

.93

.65

.93

.63

.70

.62

.45
1. 04
.71

121
126

2]0

123
179
123
139
149
91

168
140

.133
82
98

226
127

114
149

138
257
127

202
183
252

297
196

183
233

193
416
171

165
200

227

188
192
196
199
239
200
161
196

24
24
24

40
24

36
40

40
24
24

48
24

56

32
32
32
40
40
24
48
40

4

o
o
o
4
8
o
9
o

o
8

o
o
o

o
o

o
o

4

o
o
o
4
6
o
o
o

6 I 5
5 7
015

o I 5o 5

o

6
8

10
o
8
o

10
10

o
o

10

6 7
8 0

4
6
4 8
or

9 8
4 8
4 8

or
9 8
4 10

gl:
o 4 7
4410
6 5 2
o 4 6
o 4 0
o 4 6

8
8

10

315 615 618 310 4848710

o 4
4 5

o
10

6 10
or

7 10
6 7
8 0

or
7 10
8 0

Ft. in. 1Ft. in. 1Ft. in. 1Ft. in. 1Ft. in. ,Ft. in.
7 4 4 10 4 10 7 4 5 3 5 3
744747745050
705858706060

8-lOrd
8 x 10

8 x 10
6x8
8x8

11 x 12
8 x 10

6 x 10
lOxlO

lOxlO
12 x 12
8 x 10

12-15rd

6 x 10
8 x 12
5 x 10

lOxlO
10:::10

8x8
lOxlO
10 x 10

6 x 10 16 416 0 15 417 0 16 0 16 0 1 28.1
252

1
124

1 . 496 x 10 6 8 5 0 4 4 7 4 5 0 5 0 28 183 113 . 62
8 x 10 6 0 5 0 4 6 6 8 5 0 5 0 40 167 122 . 73

10 x 10 6 7 5 6 4 11 7 2 5 6 5 6 40 217 142 .65

3The board-foot content of round timbers is calculated on the basis of the total volume
of the timbers. The formula used is: Bd. ft. =0.06545 d 21, in which the diameter (d) is
expressed in inches, and the length (1) in feet.

lOxlO
12 x 12
10 x 10
10 x 10
10 x 10

8x8
12 x 12
10 x 10

10 x 10
8x8
8x8

12 x 12
8 x 10

lOx 10
lOxlO

10 x 10
12 x 12
8 x 10

11-13rd
8 x 10

12-15rd

9 x 10
lOxlO

3, C

2,A

2, B
3,A

3,B

Oananea set 1 Sonora, Mexico Post-butting__ 10 x 10
Goldfield set Goldfield, Nev do________ 8 x 8
Tintic Standard mine Dividend, Utah do________ 8 x 8

(old type).
HODlestakemine Lead, S. Dak do .____ 12x 12
Bunker Hill and Sul- Kellogg, Idaho do________ lOx 10

Evan (square posts).
Bingham seL Bingham, Utah Oap-butting _
Portland post-butting Oripple Oreek, 0010_ Post-butting_

set.
Burlingame set __ ~ Butte, Mont __ ~ do ,1 10 x 10
Vulcan mine Vulcan, Mich do________ 12x 12
Bunker Hill and SUI-I Kellogg, Idaho------ do -11O-14rd

livan (round posts).

Pecos m!ne Tererro, N. Mex do 1 1O-1~rd

Ooeur d Alene seL Wallace, Idaho do 1O-12rd

3, D I Oenter Star mine__ ---- Rossland, British do_ - - - --- -I 12-15rd
OOlulllbia.

4, A Butte set Butte, MonL_______ Oap-butting __ 10 x 10
_____ do do do_ 12x 12
Oopper Queen mine Bisbee, Ariz do________ 10 x 10

4, B I ~~~n~~~e_-~======--=== ~~~~'Je~~--======== =====~~======== ~~ ~ ~~4, C Espe.ranza set Esperanza, Mexico do________ 8x 8
4, D Richmond mine Eureka, Nev- ~do_ _ 12 x 12

Oalumet and Arizona Warren, Ariz do._______ 10 x 10
mine.

4, E I TinticStanda,rdmine__ Dividend, Utah ~_do_~______ 9x 10 110X 10
Park Utah mIne Keetley, Utah do________ 9 x 10 10 x 10
Magma mine . Superior, Ariz do________ 10 x 10 10 x 10
United Verde mine Jerome, Ariz do________ 10 x 10 10 x 10

1 Right-angle cuts are counted as 2 cuts, beveled cuts as 1. Slabbing cuts are not
counted. Where sets are framed underground, framing cuts are not counted. A set
consists of 1 post, 1 cap, and 1 girt.

2 Based on center-to-center dimensions of sets.
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~
trj

~
~

'-I

~
rl
~

Z
~

~
CJ

-0
~
>
Q
~

o
~

~
-.J
00

· ;,8

· 6;~
.114
· G4

· fii
.55
.96
.16

· ~()
1.()0

.53
1.00
1.11

.4()

.48

.44

.43

.87
.75 or

.44

l2ti
170

301
a27

la7

.~ u')()

.~ 14tl

.~ 445
·~102

or 472

a42

377
301

235

270
35,~

36
64

40

56
40

I
o [None

o
11

10
3

10
10

00

__do _
_____ do _

_____ do _Park City, Utah.

Butte, MonL_
do .

Queensland, Aus- i Cap-and-girt
tralia. butting.

Candor, N. C Cap-butting
Tonopah, Nev do _

Unwarra V -framed set
~foore diagonal set

Brunton bevel set __
Brunton square and

bevel set.
Chillagoe mine_

Silver King stringer
set.

Silver Hill stringer seL 1 do _

5, F

5, C
5, D

5, E

7,A

I I .. _ I Over-all lengths of Center-to-center di- I!Timber
1 SectIOn, Inches (rd. -round) members mensions Saw Ore per Timber per cu-

Fig- I Name of mine or set I Location Type of framing ------ - -- - - ------,-------_.-- ------ ------- Cllts, set! 'per l;)et.!biC foot
ure . I I . ' i· I I' per cublC board of ore,

__1-----.-- 1 _~ost --i-~p- L_~~:o:tl_oap_i~~t V~~>~i~~--~~~- set Ceet feet I~~~~~_

I

I I I Ft. in. II Ft. in. i Ft. in. Ft. in. IFt. in. Ft. in. i
4, E I Un.lted yerd,e Exten- }Jerome \riz Ca -buttin T {10 x 10 10 x 10! 10 x 10 7 7 5 6 4 11 8 2 5 6 5 6 40 247 150 I 0.61

SlOn mme (2 sets). ' '- -. - . p g-. 8 x 8 8 x 8 8 x 8 7 9 I 5 6 5 1 8 2 5 6 5 6 40 247 98 .40
Leadville seL_ - -. - Leadville, Colo_ . do_ __ 10 x 10 10 x 12 7 x 12 () 3 I 6 10 5 3 7 0 6 10 .~ 10 36 279 1571 .56

.
T onopah Extension I Tonopah, Nev_ _ do______ lOx 10 lOx 10 lOx 10 7 6

1

1 6 0 6 0 8 1 6 0 6 7 40 :~19 163 . :'.11
mine. i I

EurekaseL ··
1

Eureka, Nev do________ 12x 12 12x 12 12x 12 6 6 15 8 4 4 7 0 5 8 5 0 40 194 196 1.01
Portland cap-butting I Cripple Creek, Colo do________ 8x8 8x8 8xS 6 615 0 4 6 7 0 5 0 4 11 44 172 851 .49

set. I!
4,FINewldriamine Newldria,CaliL do____ !Ox 10 8x8 8x86 615046611 50410 48 167 105 1

Pilares mine_. . Sonora, Mexico___ __do --- 12rd 8 x 10 6 x 10 7 6! 5 0 4 6 8 0 5 0 5 0 a2 200 127 I
Arizona Copper Co. Morenci, Ariz. __ do_ - 12rd 8 x 8 8 x 8 6 9 I 5 0 4 7 7 2 5 0 f) 0 40 179 115

mine. I
5,A I Pagemine___________ Kellogg, Idaho __ do_ ------ lOrd lOrd 5x8 6 6 5 0 4 7 6 11 5 0 5 0 32 173 91 I
5, B Argonaut mine - Jackson, Calif __ do______ 14-18rd 12 x 12 8-12rd 7 0 5 4 4 0 7 10 5 4 5 0 12 209 208 !

Rossland seL - Rossland, British __ do 12-20rd 12-l6rd 12-l6rd 8 2 5 4 4 4 8 10 5 4 ,1 0 44 235 261 I
. Col,llmhia. i ' _ ~ _ _ i

Clark mIlle_________ Butte, :Mont I-----do-------- 1O-14rd 10 x 10 ,-Srd 0 7 5 I 4 5 7 0 5 7 4 10 40 189 12,
Black Rock mine____ do - - .do. 1O-l2rd 1O-12rd' 1O-12rd 7 7 5 10 5 5 8 0 5 10 5 10 40 272 149
Anacon~a H?cker set. - - do_ -------- - do________ 14rd l4rd I 12rd 7 5 .1 4 5 0 7 9 5 4 5 4 4112 220 211
BawdwIn mIne Burma. . do________ lOrd or lOrd or' 8rd or 7 0 5 6 5 2 7 4 5 6 5 6 80 222 103

larger larger i larger
16rd 14rd 14rd i 10 7 10 5 5 8 3
16rd 16rd l6rd 7 10 5 10 5 10 8 3

12rd lOrd lOrd 6 0 6 2 6 2 6 2

lOrd lOrd lOrd I 7 2 6 0 6 0 7 7
6 x 10 8 x 10 8 x 10 8 517 6 5 4 8 0 7

or 6 x 10
8-lOrd 8 x 8 6-8ro 6 6 10 0 4 4 6 10 0

, I
8 x 8 or 8 x 8 4 x 8 or 6 6 10 0 4 4 I 6 10 0 I 50! 16 I 342
8-10rd 6-8rd I I

7, B I 1tlorning mine -- Mullan, Idaho - do,._ ------ 12-16rd 12-18rd 1O-12rd 8 0 8-16 I 4 0 8 7 8-16 5 O. 4 I 510
Hecla and Star mines I Burke, Idaho_ - - - - -1- - do_ - - - - - -J 12-16rd 12-18rd 3 x 10 or 8 0 8-1614 or 9 9 0 8-16 5 or 10 iNone II 5,40 or,

6 x 10 I : ,l, 080
I

4 More or less, depending on size of timber. ~ In stull or stringer sets 5 timbers to a set; that is, 2 posts, 1 cap, and 2 girts.
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Slice timber used in top slicing aIld sublevel caving is required to
staIld only a short time and is then blasted out or allowed to crush.
'fllerefore, timber tbatwould not be suitable for drift sets or square
set timbers may be acceptable for slicing. Slice timber, however,
should be tough and strong, yielding or cruslling gradually without
breaking short, and green timber is, therefore, best. Specifications
of the Cleveland-Cliffs Iron Co. some 15 years ago were as follows: 50

Timber Specifications, Cleveland-Cliffs I ron Co.

Stull tirnber (posts and caps).-Hemlock, hard maple, soft maple, yellow birch,
tamarack, and Norway pine. Must be sound, straight, and green. Ash, white
birch, poplar, and balm of gilead not accepted. Tamarack in top diameters of
8 and 9 inches containing not more than ~ inch sap rot in depth accepted; in
diameters of 10, 11, 12, and 13 inches containing not more than %inch sap rot
in depth. Lengths 8 and 16 feet. .

Lagging.-Straight sound cedar, tamarack, and spruce (10 percent jack pine
permitted). Round, 3 to 47~-inch top, larger than 47~ inches to be split. Split,
not less than 2% by 4 nor greater than 3 by 6 inches. In 5-foot lengths, 160
cubic feet per cord. In 7- and 8-foot lengths, 128 cubic feet per cord, not less
than 125 pieces.

Covering-down boards.-No. 3 maple and birch. To be resawed from 2-inch
maple and birch hearts to %inch. To be sound green lumber. Widths 6 inches
and wider. Lengths not under 6 feet and not over 9 feet.

Since these specifications were written, exhaustion of some kinds of
green timber has made it necessary to use varying proportions of dry
tim.ber. Tamarack and pine have become relatively scarce in the
regIon.

Specifications for slice timber at three mines on the Mesabi range
in 1930 were as follows:

Length of Diameter of Height of Diameter of
Mine cap tirrlber, standard post timber,caps, feet inches posts, feet inches

-~-------~ ----

1
Tops

8 or 10 10-12 Up to 18 7-
') 10 7-9 11-12 7-
~ 8 to 12 8-10 10

At one mine on the Cuyuna range, specifications were as follows:
Posts, 9- to 12-incll tops; caps, 12-to 15-inch tops; lagging, 5- to 7-inch
tops; poles (for flooring), 3- to 5-inch tops.

Flooring may consist of mining boards (a grade below the lowest
standard commercial grade) of I-inch pine or %- to %-inch hardwood
boards, round poles and boards, or rouIld poles covered with wire
fencing. Where heavy scrapers are used in the slices, the bottom
may be covered with long poles or plank laid lengthwise. Wire
fencing is used extensively instead of boards for covering the floor and
sides of slices on the Lake Superior iron ranges, and the material cost
is about the same as for boards per square foot covered but the cost of
handling and laying is only about a quarter as much.

Slice timbers are simply drift sets either with almost vertical posts
for use under shallow depths alld light gob, or with a batter for use
where tIle gob is heavy and there is considerable side pressure as well
as top pressure; in sublevel caving, posts generally have a decided
batter.

50 Elliott, S. R., Jopling, J. E., Chenneour, R. J., and Derby, E. L., Mining Methods of Marquette
District, Michigan: Trans. Am. lnst. Min. and Met. Eng., vol. 72, 1925,pp. 122-138.

141609°--39----19
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Data on timber consumption in stopes per ton of ore mined are
given in table 36.

TABLE 36.-Timber consumption in stopes 1

I. OPEN STOPING

Timber con
sumption per

ton of ore mined

Mine Variation of stoping method Remarks
Linear

Board feet,
feet 2 round

timber

Marquette No.1, Mich.3 Regular pillars _
l\1enominee No.1, Mich. 4 Sublevel stoping _
Granada, Quebec 5_ Overhand in 45°-55° veins

Mt. Isa, Queensland 6__________ Sublevel stoping _

II. SHRINKAGE STOPING

0.224
.023 i Soft ore.

1. 650 I· Timber for stulls and
wing slides.

1. 06

N evada-Massachusetts, N ev.7__ On drift pillars _
Teck-Hughes, Ontario S_ - do _
Consolidated Cortez, Nev. 9 do _
Verde Central, Ariz,lo On drift timbers _
Porcupine "Cnited, Ontario 11 do _
Kirkland Lake Gold, Ontario 12 do _
Eustis, Quebec 13 . ____ On drift pillars _
Vipond, Ontario 15 Some on timbers; some on pil-

lars.
Elkoro, Nev. 16 On drift timbers . _
Hog Mountain, Ala,17 Mostly on drift pillars _

2.90
3.87
1. 36
3.08
2.666
1. 750
14.376

.420

].355
1. 200

0.49

.70

.852

1'l~imber used in development not included.
2 Sawed timber or round timber calculated to board feet. The figures given probably include chute and

raise timbering in most instances.
3 Eaton, Lucien, l\1ethod and Cost of Mining Hard Specular Hematite on the Marquette Range, Mich.:

Bureau of Mines Inf. Circ. 6138, 1929, 14 pp.
4 Eaton, Lucien, Mining Soft Ore by Open Stopes at Mine No. I, Menominee Range, Mich.: Bureau of

Mines Inf. Circ. 6180, 1929, 10 figs.
5Loofbourow, R. F., Mining 1\1ethods and Costs at Granada Gold Mines, Ltd., Rouyn, Quebec: Bureau

of ~Iines Int. Circ. 6709, 1933, 15 pp.
6 Kruttschnitt, J., and 1\1ann, V. 1., Mining Methods and Costs at the Mount Isa Mines, Ltd., Queens

land, Australia: Bureau of Mines Int. Circ. 6978, 1937, 35 pp.
7 Heizer, O. F., Method and Cost of Mining 'l'ungsten Ore at the Nevada-Massachusetts Mines at Mill

City, Nev.: Bureau of Mines Inf. Circ. 6284, 1930, 13 pp.
8 Henry, R. J., Mining Methods and Costs at the Teck-Hughes Gold Mines (Ltd.), Kirkland Lake,

Ontario: Bureau of Mines Int. Circ. 6322, 1930, 21 pp.
g Hezzelwood, G. W., Mining Methods and Costs at the Consolidated Cortez Silver J\1ine, Cortez, Nev.:

Bureau of Mines Int. Circ. 6327, 1930, 15 pp.
10 Dickson, R. H., Methods and Costs of lVIining Copper Ore at the Verde Central Mines (Inc.),Jerome,

Ariz.: Bureau of Mines lnt. Circ. 6464, 1931, 13 pp.
11 Tolman, J. D., lVIining Methods and Costs at the Porcupine United Gold Mines' Rochester Mine,

Timmins, Ontario: Bureau of l\1ines InL Circ. G470, 193],6 pp.
12 Dumbrille, J. C., Mining l\1ethods at Kirkland Lake Gold Mining Co. (Ltd.), at Kirkland Lake,

Ontario: Bureau of J\1ines Int. Circ. 6490, 1931, 12 pp.
13 Snow, Fred 'V., and Brownbill, H. F., Mining Methods and Costs at the Eustis Mine: Canadian

Min. and 1\1et. Bull. 286, February 1936, Transactions Sec., pp. 70-85.
14 lVlining and maintenance.
15 Dye, R. E., l\'fining Practice and Costs of the Vipond Mine, Timmins, Ontario: Bureau of Mines

InL Circ. 6525, 1931, 11 pp.
16 Park, J. F., lVIining Practices, Methods, and Costs at Elkoro Mines, Jarbidge. Nev.: Bureau of Mines

Inf. Cire. 6543, 1931, 12 pp.
17 Johnson, N. 0., l\1ining and Milling Methods and Costs, Hog Mountain Gold Mining & Milling Co.,

Alexander City, Ala.: Bureau of Mines InL eire. 6914, 1936,23 pp.
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TABLE 36.-Timber consumption in stopes -Continued

III. CUT-AND-FILL STOPING

Timber con
sumption per

ton of ore lllined

281

Mine Variation of stoping method
Linear

Board feet J

feet round
timber

Remarks

0.802 Plus 0.125 piece of prop
timber.

} {
2.8 1928.

------ 3.9 1929.

U;7 :~:::d Some open stoping.

-------------1---------------- ----- -.---- ----------

Matahambre, Cuba 18 Horizontal on drift pillars _

Pecos N Mex 19 {HOrizontal on dri.n pillars and
,. . ---------------- square-set stopmg.

United Verde, Ariz.20 Horizontal on drift pillars _
Champion, Mich. 21 Sublevel inclined _
Teziutlan, Mexico 22 Horizontal on drift pillars _
Park City Consolidated, Utah23 Rill stoping _

IV. SQUARE-SET STOPING

United Verde, Ariz.20 Inclined square setting 12.52

United Verde Extension, Ariz,24 Vertical sections 16.82
Tintic Standard, Utah 25 do 19.74

Black Rock, Mont,26 Horizontal floors, some under- 12.00
hand vertical sections.

Eagle, Colo.27 Horizontal fioors 13.90
Bawdwin, Burma 28 Inclined . .__ 15.36

V. TOP SLICING

Slice covering

Square-sets used most·
ly for mining level
pillars.

Plus 4.29 board feet for
maintenance.

2.8

Timber consumption per
ton of ore

Mine 3 Variation of slicing
method

Side Bottom

'I'imber

Board Linear
feet feet

Poles.
linear
feet

Lag
ging

Cord
Mesabi No. 1 293°. Parallel slicing, scrap- Hardwood . 2.83 _

ing into cars. boards.

~:~:~~~g: :2~93~~~=== ~~~=~~~~~~~~== ==~=== ==== _~!~~~~~~!~_~ -H;lr-dwoo-ci- i:06- -_~._ ~~__/2;~ 0: ~~i~
boards.

Mesabi No.5 2930 do do do 1. 34 .0016
Mesabi No. 6 293° Radial slicing, scrap- do Wire fence .96 1.25 .0032

ing to chutes. on poles.

3 Eaton, Lucian, Method and Cost of Mining Hard Specular Hematite on the Marquette Range Mich.:
Bureau of Mines InL Circ. 6138, 1929, 14 pp.

18 Richert, G. 1., Mining Methods at Minas de Mata,hambre, Pinar del Rio, Cuba: Bureau of Mines
InL Circ. 6145, 1929, 18 pp.

19 Matson, J. T., and Hoag, C., Mining Practice at the Pecos Mine of the American Metal Co. of New
Mexico: Bureau of Mines InL Circ. 6368, 1930, 21 pp.

20 Quayle, T. W., Mining Methods and Practices at the United Verde Mine, Jerome, Ariz.: Bureau of
Mines InL Circ. 6440, 1931, 31 pp.

21 Mendelsohn, Albert, Mining Methods and Costs at the Champion Mine, Painesdale, Mich.: Bureau
of Mines InL Circ. 6515, 1931, 16 pp.

22 Herivel, E. Ph., Mining Methods and Costs at the Teziutlan Copper Mine of the Mexican Corporation,
S. A., Teziutlan, Puebla, Mexico: Bureau of Mines InL Circ. 6736, 1933, 16 pp.

23 Wiles, Gloyd M., Mining Methods and Costs at the Park City Consolidated Mines Co., Park City,
Utah: Bureau of Mines Inf. Cire. 6880, 1936, 13 pp.

24 D'Arcy, R. L., Mining Practice and Methods at the United Verde Extension Mining Co., Jerome.
Ariz.: Bureau of Mines Inf. Circ. 6250, 1930, 11 pp.

25 'Vade, J. W., lv'Iining Methods and Costs at rrintic Standard Mine, Tintic District, Utah: Bureau of
Mines InL Circ. 63(30, 1930, 21 pp.

26 11cGilvra, D. B., and Healy, A. J., Methods and Cost of Mining at the Black Rock IVIine, Butte &
Superior Mining Co., Butte District, Mont.: Bureau of Mines InL Circ. 6370, 1930, 16 pp.

27 Borcherdt, W.O., The Empire Zinc Co.'s Operation at Gilman, Colo.: Eng. and Min. Jour., vol. 132,
No.3, Aug. 10, 1931, pp. 99-105.

28 Calhoun, A. B., Mining Methods at Bawdwin Mine: Trans. Am. Inst. NIin. and Met. Eng. (issued
with Min. and Met.), vol. 69, August 1923, pp. 208-247.

29 Jackson, Chas. F., and Gardner, E. D., Stoping Methods and Oosts: Bureau of Mines Bull. 300,1936,
296 pp.

30 Long-ton basis.
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TABLE 36.-Timber consumption in slopes-Continued

v. TOP SLICING-Continued

Slice covering Timber consumption per
ton of ore

.746

\Vire fencing 1.121 2.585
on poles.

Plank or 1.702 ----- ------- 3.941
wire fenc-
ing on
poles.

do 1. 117 ------- 1. 849 4.474

i\V-ir~o-fenc~- 1.376 .525- ~~~~~~~ t:~~~
ing on 2-

inch plank {7.1 }
2~~~.~nch e~.~~5 .

round
2- by 12- 9. 00 . _

I inch plank

Variation of slicing
methodMine

-:Ylarquette No.12 20 3(j_ Parallel slicing, scmp- do __
ing to chutes.

Marquette No.13 29 30 do__ _ do _
Menominee No. do \Vire fenc-

14 203°. ing.

EI Bordo, Mexico 31 32_ Stringers and posts,
hand shoveling.

Coronado, Ariz. 32 33 Inclined. _

Cuyuna No.8 2030 Radical slicing, scrap- None Boards _
ing to chutes.

~IarquetteNo.9 2030_ Parallel slicing, scrap- \Virefencing
ing to chutes. or boards.

.YlarquetteNo.11 2931J• Both radial and par- do _
allel slicing, scrap
ing to chutes.

----T_l_'m_b~__ I pOles,1 Lag-
Side Bottom I linear ging

Board Linear feet
feet feet

-------1------------ -- -1------ ---- --- ------

Linear
foot

1. 00

29 Jackson, Chas. F., and Gardner, E. D., Stoping Methods and Costs: Bureau of Mines Bull. 390,
1936,296 pp.

30 Long-ton basis.
31 Mechin, R. J., Top-Slicing in Old Fills at EI Bordo Mine, Mexico: Trans. Am. lnst. Min. and Met.

Eng., vol. 72, 1925, pp. 139-145.
32 Short-ton basis.
33 Mosier, McHenry, and Sherman, Gerald, Mining Practice of Morenci Branch, Phelps Dodge Corpora

tion, Morenci, Ariz.: Bureau of Mines Inf. Circ. 6107, 1929, 33 pp.

COMPARISON OF STOPING METHODS

The foregoing descriptions and discussion of the different stoping
methods and practices and the accompanying tabulated data indicate
the conditions under which they may be applied and serve as a basis
for comparing them. Stoping costs will be presented later.

Direct comparisons of the different methods are difficult because
these methods and variations thereof are applied to different conditions.
Thus, for example, while it is generally true that the cost per ton by
shrinkage stoping is less than by cut-and-fill stoping and that timber
consumption per ton of ore mined is generally less with cut-and-fill
stoping than with square-set stoping, it does not necessarily follow
that shrinkage is preferable to cut-and-fill in the first instance or that
cut-and-fill is preferable to square-setting in the second, because
conditioIls might be such that shrinkage or cut-and-fill could not be
used. In a given instance any supported-stope method by which
support will fail before the ore can be removed is immediately out of
consideration. Likewise, caving methods cannot be considered if the
ore will not cave and in doing so break small enough so that it can
be taken out, or if, in top slicing, the capping will not cave and follow
down as the ore is removed from below.

Stoping methods may be compared broadly on the bases of appli
cability, flexibility, amount of preparatory development required,
percentage recovery of the total ore in the deposit, dilution of the ore
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with waste, rate of extraction, cost of stoping, and effect upon recovery
in the ore-dressing plant. Applicability of the different methods or
the conditions to which each is suited have been discussed briefly in
describing them.

FLEXIBILITY

Open stopes are flexible in that irregularities in the ore body usually
can be followed and the ore can be mined, lean ore and waste inclusions
within the ore body can be left in place as pillars and if desired, waste
usually can be sorted and thrown to one side in flat stopes or piled
on stulls covered with lagging in steep stopes, except those worked
by underhand benching. The ore can be removed from the stopes
as broken, and usually is; but often, especially in sublevel stoping,
considerable broken ore can be accumulated in the stopes to form a
reserve.

Shrinkage stoping lacks the flexibility of other open-stope methods.
Waste cannot be sorted from the broken ore in the stopes, although
some sorting may be done at the level or in grizzly chambers protected
by overhead pillars. Narrow tongues or offshoots of ore cannot be
followed into the walls without breaking considerable waste with the
ore, and irregular walls, rolls, or sharp offsets in the vein usualy entail
leaving ore behind, or considerable dilution, or both. More than half
(usually about 60 percent) of the broken ore remains in the stopes
until they hu,ve been mined to the top and, when finally drawn, must
be taken as it comes without any control over its grade; control for
grading purposes can then be secured only by drawing from several
stopes of different average grade to maintain a normal mine average.

Cut-and-fill stoping is a flexible method; irregular walls can be
followed and stringers or offslloots of ore can be followed and mined
into the walls. Waste broken in mining these stringers can be sorted
out and left in the fill. Waste inclusions within the ore body can be
shot down into the fill if they are small or left in place if large. Waste
broken with the ore in normal stoping operations can be sorted and
left as fill in horizontal cut-and-fill stopes, though only a limited amount
of sorting is possible in rill stopes. Veins of less than stoping width
can be mined by stripping or resuing with minimum loss of ore and
dilution of the ore with waste. Cribs or stulls can be erected on top
of the fill to support local patches of loose back or wall rock, and change
from cut-and-fill to square-set stoping can be made quickly after the
stope has been started, should ground conditions require it. The
method does not have flexibility from the standpoint of being able to
force production, as breaking is interrupted periodically for removal
of the broken ore and introduction of filling.

Square-set stoping is a flexible method; it can be accommodated
to very irregular ore bodies, large or small, and permits following and
mining offshoots of ore with minimum dilution and loss of ore. Waste
can be sorted out and left in the gob. The method can be adapted
where sudden changes in dip of the deposit occur and to following sinu
osities or abrupt offsets along the strike or the dip. It usually is done
from the bottom upward, or "overhand," but can also be employed
for mining downward from the level (underhand square setting). It
is used frequently as an auxiliary to other methods, as for mining
pillars between filled or caved stopes, crown pillars over completed
stopes that have been filled, or sections of cut-and-fill stopes where
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the ground is too heavy to be mined by cut-and-fill. As with cut-and
fill stoping, it does llOt lend itself to forcing of production.

Block cavilig is limited in its applicability to large deposits that
cave readily and break up ,yell as the caved mass moves downward.
It is applicable only to nonselective mining, and waste inclusions within
the ore body together \vith tongues of waste projecting into the ore
body are necessarily broken and drawn with the ore. Thus, the grade
of ore can be controlled only to the extent possible by regulation of the
amount of capping and marginal-grade wall rock that is drawn with
the ore.

Sublevel caving lacks the flexibility of supported-stope methods but
is more flexible than block caving. The sublevel developrnent serves
to explore the ore body at each caving horizon before ruining begins,
and irregular boundaries can be followed more easily than with block
caving and with less dilution from the walls. Large inclusions of \vaste
within the ore body often can be left and caved into the gob.

Top slicing is a limited selective method in that irregular ore bound
aries may be followed arld the ore mined from embayments or lobes of
ore extending from the main ore mass into the country rock if these
lobes are large enough so that the capping over them will cave tight
after a slice of ore has been removed from below it. Some sorting of
waste can be done in the stopes, and waste or lean ore inclusions too
large to break up readily with the caving overburden and too small to
stand permanently as pillars must be broken down with the ore. Such
inclusions, if left, often will cause the gob or mat to hang up for some
time, and later they may let go suddellly and endanger the workmen
in active slices below. If a good mat is maintained little dilution of
the ore by caved capping 'Yill result. If it becomes necessary to curtail
or stop production for a time the stopes can be kept in good condition
for quick resUlllption of work by completing active slices, so that no
small pillars or stubs of ore are left between them, and by boarding
them up and blasting the gob down onto the floors.

Open-stope nlethods are adaptable only to deposits having strong
ore and \vall rock; hence, open-stope mines usually can be left to stand
idle for considerable periods without much preparation and work re
sluned quickly on short notice. Shrinkage stopes and cut-and-fill
stopes may require some preparation for telnporary shut-downs, de
pending on conditions. It lllay be necessary to stull the backs from
the top of the broken ore or of the fill. Square-set stopes, which
usually are elliployed only in heavy ground, Inay require considerable
work to leave thern in shape for quick resumption of operations; all sets
not required to be left open usually should be filled, and considerable
diagonal bracing, liner sets, alld blocking may be nece~sary. In block
caving, dra,villg of a block should be continuous after it has once
started, to avoid packing of the broken ore and thus obtain best results.
Some ores tend to pack more than others, and therefore the results of
a prolonged shut-down are more serious in some mines than in others.
Continued dra,ving may also be necessary to avoid development of
excessive pressure all the grizzly level and pillars.

PREPARATORY DEVELOPMENT

The subject of preparatory development has been discussed in a
previous section under the caption "Stope Development" (p. 150), and
tables 19 to 22, inclusive, presented data on the amount of stope de-
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velopment required per ton of ore developed for a number of mines
representative of the various stoping methods.

With open stopes in ore bodies of the Tri-State and Southeast
Missouri districts, virtually no development is required once the ore
body has been cut, and the ore is stoped as developed.

Sublevel stoping requires considerable preparatory work in the form
of entrance raises, starting raises or stopes, sublevel drifts, and in some
instances the cutting or bulldozing chambers and installation of griz
zlies. Tile sublevel development, however, serves thoroughly to ex
plore and block out the ore body and to define its boundaries. By
using wide sllrinkage stopes instead of raises for starting each stope,
production of ore need not be delayed unduly by the preparatory work.
Other open-stope methods require but little preliminary work, and
stoping can be started soon after a small amount of drifting has been
done unless a retreat system of mining is employed.

With shrinkage stoping in narrow ore bodies, the development is
usually simple and only a small amount of preparatory work is required
preliminary to beginning stoping operations. Where the stopes can
be supported on stulls over the drift, stope development consists of
taking down drift backs and installing stull timbers and chutes;
raises to the level above may be required for ventilation, but these
generally can be started from the stope after it has been mined up
several slices and connected through while the stope is being worked.
Where the stopes are supported on drift pillars, chute raises must be
driven at frequent intervals (10 to 20 feet, usually) and connected over
the tops to form the stope sill. In this instance it may be desirable
to funnel the tops of the chute raises before regular stoping is begun.
In some mines bulldozing chambers are cut and grizzlies installed over
the chute raises and raises are run up from tIle chamber and connected
over a pillar left above the chamber, which further increases the time
and work required to prepare the stope for production. On the whole,
however, shrinkage stoping as usually practiced permits the starting
of stopes soon after the drifts have entered the ore. As only about 35
to 40 percent of the ore broken is available until completion of a stope,
more stopes are required to produce a given tonnage at the beginning
of operations than otherwise would be needed. Once the mine has
reached its produetion stride, the deficiency in productive capacity
of operating stopes can be made up by drawing from completed stopes.

With cut-and-fill stoping, preparatory work is similar to that for
shrinkage stoping, except that raises must be put through to the
level above before stoping can progress far, if filling material has to
be supplied from sources outside the stope. Partly offsetting this,
however, is the smaller number of chutes and chute raises required;
and they may be 25, 50, or even 100 feet apart, depending largely on
the method of handling the ore in the stopes, whereas chutes for
shrinkage stapes must be closely spaced and seldom are more than
20 feet apart. In flat veins it may be necessary to drive drifts in the
hanging wall for introduction of fill in addition to the regular ore
extraction drifts in or along the footwall.

Development in preparing for square-set stoping is simple, but
usually at least one through raise to the level above is required for
each stope section to provide for introduction of fill, improve ventila
tion, and afford a means for lowering timbers into the stope. As
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soon as a raIse connection is completed, however, stoping may be
begun.

Block caving requires a large amount of preparatory work, and
before actual extraction of caved ore begins, considerable capital must
be expended for this purpose. Thus, the estimated cost of preparatory
work for a block containing 120,000 tons of ore at the Morenci Branch,
Phelps Dodge Corporation, was $36,420.51 Simila.r costs for preparing
a block of ore containing 560,000 tons at Ray were given as $81,939.52

Comprising the preparatory work were 325 feet of supply drifts, 1,456
feet of grizzly drifts, 700 feet of haulage drifts, 1,848 feet of haulage
raises, the installation of 56 grizzlies, 560 feet of excavation for pony
sets and chutes, and the removal of 27,476 tons of ore from shrinkage
and undercutting stopes. It is obvious that considerable time is
required to complete this amount of work and that the beginning of
ore production is retarded accordingly.

PERCENT RECOVERY OF ORE AND DILUTION

Recovery and dilution usually are interrelated; with some methods
of stoping a high recovery involves contamination of the ore from the
walls or capping, and often clean ore can be obtained only by leaving
some ore in the mine.

In open-stope mines the greatest loss of ore is that tied up in pillars
left for support of the back or hanging wall. The amount of ore
thus left varies considerably with the strength of ore and wall rocks,
thickness of the ore, its depth below surface, and the requirements
for permanent support to prevent movement and subsidence of over
lying strata and of the surface. Where eventual subsidence is per
missible, much of the pillar ore often can be recovered on the retreat
by robbing operations, the amount recoverable depending to a con
siderable extent on roof characteristics; sometimes almost complete
extraction is possible. Where it is imperative to prevent surface
subsidence and resultant damage to surface improvements or to prevent
an influx of surface or underground water, 20 to 40 percent of the
ore in the deposit may have to be left as pillars. Aside from ore left
in pillars, high extraction is usually possible in open stopes, since the
stope boundaries are exposed to view and all showings of ore can be
attacked and mined.

With shrinkage stoping, high extraction can be obtained if the lode
is regular in strike, dip, and thickness and the walls are firm. If the
lode is very irregular, there are numerous rolls in the footwall, or
there are abrupt offsets due to strike or diagonal faults or if tongues
of ore make off into the walls, considerable ore may be lost. Ore in
the footwall in the form of bulges or branching tongues is likely to be
overlooked because covered by broken ore; however, if the walls are
exceptionally firm much of this often can be recovered during final
drawing of the stope. When the stopes are silled above the level,
that is, on drift pillars (called boxhole pillars in Canada), complete
recovery of these pillars is frequently impossible. Likewise, some
loss may be incurred in recovery of floor or crown pillars. Loss in
pillars may run up to 10 or 15 percent of the total ore in the deposit.
As in open stoping, pillars may also be left at various horizons in the

51 Mosier, McHenry, and Sherman, Gerald, Mining Practice at Morenci Branch, Phelps Dodge Oorpo
ration, Morenci, Ariz.: Bureau of Mines Inf. Oire. 6107, 1929, p. 33.

52 Thomas, Robert W., Mining Practice at Ray Mines, Nevada Oonsolidated Oopper Co., Ray, Ariz.:
Bureau of Mines Inf. eire. 6167, 1929, p. 27.
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stope for roof support, but the aim usually is to leave these in low-grade
sections as much as possible.

Some dilution. almost always occurs in shrinkage stoping, either
because of overbreaking the walls of the vein during mining or later
sloughing, especially during final drawing. Overbreaking is almost
unavoidable when the vein is irregular in strike and dip and especially
so if there are numerous small offsets.

From 85 to 95 percent of th.e ore usually can be recovered by shrink
age stoping with dilution of 5 or 10 to 25 percent, except wllere some
other method would be better suited to the conditions. Sometimes
dilution runs 30 percent or more, but in most SUCll instances cut-and
fill or some other method probably should be employed.

The use of cut-and-fill stoping under conditions to which it is suited
usually results in high recovery and little dilution, except in very
heavy ground, as at the Morning mine, although some ore may be
left in drift pillars where the stopes are silled above the level and in
floor pillars. As previously stated, the fact that irregularities in the
vein and tongues of ore can be mined and blind lodes prospected for
in the walls, and, when found, mined as a tributary stope, makes a
high recovery possible. J)ilution is small, since the fill prevents
sloughing of the walls, and any wall rock that comes in or horses of
waste in the vein are left in the fill. Hand sorting is often employed to
remove coarse gangue material with resultant raising of the grade of
the ore trammed.

A high recovery with little dilution usually can be obtained with
square-set stoping. This method finds its best application for mining
in heavy ground where the ore is high-grade and any loss or dilution
is to be avoided, regardless of cost. By square-set stoping and close
filling, high-grade sections of an ore body below or adjacent to lower
grade ore often can be rrlined without disturbing the lower-grade
sections, which changes irl economic conditions or improved tech
nology later may make it possible to mine profitably.

Recovery in block caving varies with conditions and is influenced
by the amount of dilution the ore can stand, since high recovery
usually involves high dilution also, and the amount of dilution per
missible depends on metal prices. Thus, if the minimum grade of
ore that it is profitable to llandle is 1 percent copper, drawing should
stop when, owing to dilution, the grade falls below this figure, regard
less of whether or not all the ore has been recovered. Some dilution
always results from "piping" of broken capping through the broken
ore and from the margins, and the tonnage drawn from a block of ore
usually is greater than the estimated tonnage in the block, whereas
the average grade of ore usually is less than that estimated. If the
margins of the deposit are very irregular in outline, either the extrac
tion or the grade of ore recovered will suffer, as it is impossible to
make the cave follow an irregular boundary closely. At Ray, Ariz.,
the dilution in drawing 40,000,000 tons of ore was estimated as 10
percent. At Inspiration, 110 percent of the estimated tonnage and
more than 85 percent of the metallic contents are recovered. At
Miami, operations in 13 completed stopes or blocks resulted in the
recovery of 2.4 percent more copper than had been estimated pre
viously, but 15.15 percent more tonnage was drawn, the average grade
being 88.93 percent of the calculated grade. Oareful regulation of
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drawing is essential to obtain minimum dilution and maXImum
recovery.

vV"ith sublevel caving the line of break may be controlled more
closely around the boundaries than with block caving, as the ore is
partly excavated by slicing, which can be confined strictly to the ore,
and the blocks caved are relatively small both in vertical height and
in horizontal area. However, as the backs are caved under a gob
consisting of a mixture of broken capping, slice tilnbers, and flooring,
which cannot always be prevented from breaking through and cutting
off undrawn ore, some ore is bound to be lost; recovery usually is not
as complete as with top slicing. Ullder the conditions on the G·ogebic
iron range, Michigan, where much of the capping carries 40 percent
or more iron, a small amount of dilution does not seriously affect the
grade of ore mined and the dilution from this source may offset tonnage
of ore lost; the net result is therefore likely to be approxirnately 100
percent tonnage recovery, with a slight lowering of the total contained
iron below that of the ore body proper.

Top slicing pernlits high recovery of ore with little dilution (pro
vided a suitable mat is maintained) under conditions where any
method of mining from the bottom upward would be difficult, hazard
ous, and costly. Small stubs of ore between the ends of slices or
between the end of a slice and the cave are sometimes lost, and 2 or 3
feet of ore may have to be left around the margins of a deposit where
a flat foot\vall comes up to the overlying mat.

Accurate figures on recovery and dilution are difficult to obtain un
less waste and ore faces are measured and sampled after each round
and the \vaste sorted out in the stopes is measured accurately. The
finding during stoping of additional ore in the form of bulges in the
lode or offshoots therefrom, inclusions of waste \vithin the ore body,
the sorting of waste from the broken ore, and the admixture with the
ore, from sloughing, of waste and of capping or walls containing some
ore minerals may combine to obscure the true situation with regard
to recovery and dilution.. Sometimes lov.r-grade ore not ineluded in
the original estimates is found in mining under conditions such that
it is profitable to extract it, and, on the other hand, low metal prices
may necessitate leaving considerable ore that would be mined under
higher prices.

It thus appears that "dilution" and "recovery" as applied to stoping
results are not specific or rigid terlns, and the data on recovery and
dilution in table 37 should be interpreted with this in mind. In
circulars dealing \"ith cut-and-fill and square-set stoping, the authors
have usually stated or implied that complete recovery is obtained and
no figures are given; this accounts for the small amount of data on
these methods of stoping in the table.
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TABLE 37.-Recovery and dilution data

Mine Stoping method and
variation I

Estimated
recovery
of total

lore, per-
cent

Estimated
dilution,
percent

Remarks

Final recovery expected to
be 90 percent and most of
remaining 10 percent
lean ore.

Final recovery expected to
be 80 percent.

Most of pillars expected to
be recoverable in final
clean-up.

Dilution rock carries con-
siderablo zinc.

Tonnage hoisted greater
that estimated as ore.

6 percent of broken rock
sorted out as waste.

'Vall rock contains some
gold.

Pillars to be extracted later.

Some of pillars will ulti
mately be extracted.

None 3 __ -- __

5 _
10 _

Practically
none.

{:~::~~~~-~~:
Practically

none.
35-50 -- __

85
90

275

298

275

290

285

296.4

285-90

275 do.3 _

282-85 do.3 _

278--100 .. do.3 _

260 .do.3_---- Final clean-up expected to
result in nearly 100 per
cent extraction.

272 Part of mine under valu-
able surface improve
ments; 90 percent re
covery in narrow ore.

Open stoping, regular pil
lars.

Mt. Isa, Queens- Sublevel stoping _
land.l8

Engels,Oalif.l7_______ Shrinkage stoping on drift
pillars. Pillars between
large stopes.

1 Netzeband, VV. F., M-ethod and Cost of Mining Zinc and Lead at No.1 Mine, Tri-State Zinc and Lead
District, Picher, Okla.: Bureau of lVlines InL eire. 6113, 1929, 11 pp.

2 Balance in pillars.
3 Most of overbreak contains some ore mineral, and final pillars are usually in low-grade OrB.
, Netzeband, -W'. F., Method and Cost of Mining Zinc and Lead at Mine No.2, Tri-State District, Picher,

Okla.: Bureau of Mines Inf. Circ. 6121, 1929, 11 pp.
~ Keener, O. VV., Method and Cost of Mining at Barr Mine, Tri-State Zinc and Lead District: Bureau

of Mines InL Circ. 6159, 1929, 9 pp.
6 Poston, R. H., Method and Cost of Mining at No.8 Mine, St. Louis Smelting & Refining Co., Southeast

Missouri District: Bureau of Mines Inf. Circ. 6160, 1929, 22 pp.
7 Netzeband, W. F., Method and Cost of Mining Zinc and Lead at No.3 Mine, Tri-State District, Crest

line, Kans.: Bureau of lVfines InL Circ. 6174, 1929, 10 pp.
8 Keener, O. VV., Methods and Costs of Mining at the Hartley-Grantham Mine, Tri-State Zinc and Lead

District: Bureau of Mines InL Circ. 6286, 1930, 8 pp.°Eaton, Lucien, Method qnd Cost of Mining Hard Specular Hematite on the Marquette Range, Michi
gan: Bureau of :Mines InL Circ. 6138, 1929, 14 pp.

10 McNaughton, C. H., Mining Methods of the Tennessee Copper 00., Ducktown, Tenn.: Bureau of
Mines Inf. Circ. G149, 1929, 17 pp.

11 Eaton, Lucien, Mining Soft Hematite at Mine NO.2 of the Marquette Range, Mich.: Bureau of Mines
Inf. Circ. 6179, 1929, 15 pp.

12 Eaton, Lucien, Mining Soft Hematite by Open Stopes at Mine No.1, Menominee Range, Mich.:
Bureau of Mines InL Circ. 6180, 1929, 10 pp.

13 Pierce, A. L., Mining Methods and Costs at the Spring Hill Mine, Montana Mines Corporation,
Helena, Mont.: Bureau of Mines Inf. Circ. 6402, 1931, 11 pp.

14 Knaebel, J. B., Mining Practice at the Edwards Mine of the St. Joseph Lead Co., St. Lawrence County,
N. Y.: Bureau of Mines Ini. Circ. 6586, 1932,25 pp.

16 Howbert, Van Dine, and Bosustow, Richard, Mining Methods and Costs at Presidio Mine of the
American Metal Co. of Texas: Trans. Am. Inst. Min. and Met. Eng., 1931, pp. 38-50.

16 Loofbourow, R. F., Mining Methods and Costs at Granada Gold J\1ines, Ltd., Rouyn, Quebec: Bureau
of Mines Inf. Circ. 6709, 1933, 15 pp.

17 Kruttschnitt, J., and Mann, V. 1., Mining Methods and Costs at Mount Isa Mines, Ltd., Queensland,
Australia: Bureau of Mines Inf. Circ. 6978, 1937, 35 pp. .

18 Nelson, W. 1., Mining Methods and Costs at the Engels Mine, Plumas County, Call!.: Bureau of
Mines Inf. Cire. 6260, 1930, 22 pp.

No.8, Southeast Mis- do _
souri.6

Crestline, Kans.7 -- do _
Hartley-Grantham, do. _

Kans. 8

Modified sublevel stop
ing.

j
open stoping, with casual }

Edwards, N. y.1.4____ pillars.
Shrinkage stoping _

Presidio, Tex.l5 Open stopes with casual
pillars.

Granada, Que,16______ Open stopes, overhand _

Marquette, No.1,
Mieh.o.

Barr, Kans.5 ----_do. _

Burra-Burra, Tenn,1O_ Sublevel stoping. _
Marquette No.2, Sublevel stoping (%) and

Mich. ll topslicing C'i).
Menominee No.1, Sublevel stoping _

Mich.l2
Spring Hill, Mont,13 __

Tri-State No. 2,( -- do _

-------------I---~-------------- -

'rri-State No. 1 1__ .___ Open stoping, casual pil
lars.
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TABLE 37.-Recovery and dilution data-Continued

Remarks

Recovery of estimated
metal content.

Grade 88.93 percent of esti
mated grade. Figures
cover 13 completed stopes
and tonnagp dmwn was
12,7l(\~78.

On account of cost of tim
her some low-grade ore
deliberately left in square
set stopes.

20

10 _

15-18 or more

30 _

10. _

I
90 I

I
I

9R

190

Stoping method and
variation

Shrinkage stoping on drift
timbers.

Shrinkage stoping on drift
timbers; retreat mining.

Shrinkage stoping on drift
timhers.

Shrinkage stoping; partly
on pillars and partly on
timbers.

Shrinkage stoping on slope
pillars.

Horizontal cut - and - fill'
some square setting. .

Mine

Mt. Hope, N. J.25 _

Matahambre, CUha26 -

1

I

Morning, Idaho 27 1

Pecos, N. Mex. 2" _

Kirkland Lake, Ont. n

Vipond,Ont. 24 _

I

Estimated !

recovery I Estimated
of total dilution,

lore, per- i percent
I cent! I

--------------,---- ---..--------- ------1--------1

Nevada . ~lassachu· i Shrinkage ~toping on drift 295 20 _
setts, N ev.l Q pillars.

Consolidated Cortez, do . _
Nev)C

Eighty . five, N.
Mex. 21

Verde Central, Ariz. 22

Stringer-set-and-fiIL _
Mostly horizontal cut-and-

I
Nearly 100 II' ------------

fill stoping.
Mclntyre,Ont.2Q Shrinkage stoping and nO-115 : 10-15 _

~~Ut~~~ccr~~-'dnd-fill on I

Tin tic Standard, Square-set stoping, verti- 99+1 _
Utah. 30 cal sections.

Hay, Ariz. 31 ··1 Block caving______________ 110 I?
Inspimtion, Ariz. 32 do_____________________ 110+! 8.1+ :

Miami, Ariz." ------I---dO --------------------- 115.15 i 102.4 _

2 Balan ce in pillars.
1~ Heizer, O. F., Method and Cost of Mining Tungsten Ore at Nevada-Massachusetts Mines at Mill

City, Nev.: Bureau of Mines Inl. Circ. 6284,1930,13 pp.
20 Hezzelwood, G. 'V., Mining MethodS and Costs at the Consolidated Cortez Silver 11ine, Cortez, Kev.:

Bureau of Mines lnr. Circ. 6327, 1930, ]5 pp.
21 Youtz, R. B., Mining Methods at the Eighty-Five Mine, Valedon, N. Mex.: Bureau of 11ines lnf.

Cirr. 6413, 1931, 26 pp.
22 Dickson, R. H., Methods and CJosts of Mining Copper Ore at the Verde Central Mines (Inc.), Jerome,

Ariz.: Bureau of Mines Inf. Circ. 6464, 1931, 13 pp.
23 Dumbrille, J. C., Mining Methods of Kirkland Lake Gold-Mining Co. (Ltd.), at Kirkland Lake, On

tario: Bureau of Mines Inf. Circ. 6490, ]931, 12 pp.
24 Dye, R. E., l\1.ining Practice and Costs of the Vipond Mine, Timmins, Ontario: Bureau of Mines InL

Circ. 6525, 1931, 11 pp.
25 Sweet, J. R., Mining Methods and Costs at the Mount Hope Mine of the 'Varren Foundry & Pipe

Corporation, Mount Hope, N. J.: Bureau of Mines Info Circ. 6601, 1932,31 pp.
26 Richert, G. I., Mining Methods at Minas de lVlatahambre, Pinar del Rio, Cuba: Bureau of Mines In!.

Circ. 6145, 1929, 18 pp.
27 'Vethered, C. E., and Coady, L. J., Mining Methods at the Morning Mine of the Federal Mining &

Smelting Co., Mullan, Idaho: Bureau of Mines InL Cire. 6238, 1930, 13 pp.
28 Matson, J. T., and Hoag, C., Mining Practice at the Pecos Mine of the American Metal Co. of New

Mexico: Bureau of Mines InL Circ. 6368, 1930, 21 pp.
20 Skavlem, H. G., ~/Iining Methods and Costs at the McIntyre Porcupine Mines, Ltd., Schumacher,

Ontario: Bureau of Mines Inf. Circ. 6741, 1933, 19 pp.
30 Wade, J. W., Mining Methods and Costs at Tlntic Standard Mine, Tintic District, Utah: Bureau of

Mines Inf. Circ. 6360, 1930, 21 pp.
31 Thomas, R. W., Mining Practice at Ray Mines, Nevada Consolidated Copper Go., Ray, Ariz.: Bureau

of Mines InL Circ. 6167, 1929, 27 pp.
32 Stoddard, A. C., Mining Practice and Methods at Inspiration Consolidated Copper Co., Inspiration,

Ariz.: Bureau of Mines lnt. Circ. 6169, 1929, 23 pp.
33 Maclennan, F. 'V., Miami Copper Co. Method of Mining Low-Grade Ore Body: Am. lnst. Min. and

Met. Eng. Tech, Pub. 314, 1930, 44 pp.; also Trans. Am. lnst. Min. and Met. Eng., yo!. 91 (Yearbook),
1930, p. 64.

RATE OF EXTRACTION

Some stoping methods are inherently slow, whereas others permit
rapid extraction of ore from the stope and, as previously stated, permit
flexibility in rate of output. Thus, in cut-and-fill stoping the produc
tion rate cannot be forced very much as ore-breaking must be stopped
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in sections being filled, although production from an entire stope
may be constant by breaking on one side of the ore pass while filling
on the otller side. In square-set stoping proauction, rate is slow (1)
because the ore is broken in small blocks that usually can be drilled
off in a short time, whereas timbering and filling consume a large part
of the working shift and (2) because production cannot be forced in
heavy ground without inviting danger of collapsing the stope. In
open stopes where there are large areas of stope faces, production often
can be forced by simply putting more machines to work. In sublevel
stoping production can be speeded by simultaneous operations on all
the sublevels and often by increasing the number of machines on each
bench.

Forced caving, as employed at Alaska-Juneau, Beatson, and Climax,
and block caving-all nonselective methods-permit a high produc
tion rate once ore production begins, although considerable time is
consumed in preparatory work, especially for block caving. Best
results are obtained with block caving if the ore is drawn at a uniform
rate; therefore, any forcing of this rate is likely to cause the piping
through of waste and incomplete breaking up of the ore.

The rate of output possible with any stoping method depends to a
large extent upon the size of the ore body, especially the width, and
the width of the stopes; a high rate of output is impossible in narrow
stopes.

EFFECT ON RECOVERY IN ORE-DRESSING PLANT

The stoping method may affect the percentage of ore minerals
recovered in the ore-dressing plant, especially where certain sulfide
ores are concentrated by flotation. Thus, a stoping method that per
mits immediate removal of the ore after it is broken so as to preclude
its partial oxidation before it goes to the mill may be desirable or
necessary. Under these conditions, shrinkage stoping and block
caving, In which large masses of broken ore are necessarily left in the
mine for a considerable length of time, may be unsuitable.

COST OF STOPING

Stoping cost is one of the largest of the items comprising the total
cost of producing ore. The cost per ton of ore mined is important but
may be overemphasized if the more important cost, that per unit of
metal recovered, is thereby overlooked. A given stoping method may
give a low cost per ton of ore but, by reason of high dilution involving
the handling, hauling, hoisting, and treating of a large amount of bar
ren rock, may result in a high cost per unit of metal. Low cost per
ton may involve loss of ore or excessive dilution with waste and a,
low-cost-per-ton method may not, therefore, be the most economical
one in a given instance.

Table 38, giving stoping costs per ton of ore mined, should be con
sidered with the foregoing important fact in mind. The tabulated
costs do not include any development, haulage, hoisting, or pumping
unless so indicated but are direct-stoping costs only. Wide differences,
as between mines, in the distributed costs shown in the tables are
partly explained by differences in accounting methods, but the total
stoping costs in the last column are believed to be comparable except
where otherwise noted.



TABLE 38.-Stnping costs

I. OPEN STOPES

t'V
\.0
~

Direct stoping eosts per ton of orc mined

Mine Year Variation of open-stope method

Labor Super
vision

Air com
pression,

drills,
and steel

Power Explo
sives Timber Other

supplies Total

-1·-----1-----1-------1----1 -----1 1 1 _

~
tr1
8

~

*HZZ
Q

'"'0
~
>o
H
H
o
t;j

.740

.343

.572
2.276
1.571
.337

1. 152

$0.504

.483:

.222
.770

.416
2.456
2.589
1. 350

32.765

.784

.332

.259

.467

.417

1. 072

.747

.002

.100

.005

.011

.003

.074

.002

.011

.056

.078

.028
~. 283

.075

.032

.089

.025

.107

.010

.003

.040 1 _

.009 I .011

.040

.010

$0.002

.146

.086

.150

.177

.216

.052

.200

.606

.076

.083

.078

.090

.050

.178

.210

$0.104

.072

.045

.105

.122

.058

.031

.047

.130

.006

$0.005

.010

.078

.430

.252

.009

.147

.030

.124

.150

.090
I

0.476
I

.177

.051 1 _

.081 _

.080

5:~~: I}---------
.075 1 . _

$0.102

.033

.042

.104

.113

.031

.025

.028

.014

.146

.041

.050

.087

.022

$0.020

----------I{
.010

.302

.167

.302
1. 442
.877
.180
.722

.740

1.556

.509

.196

.100

.246

.180

.738

.298

$0.273

.368

.130

.514

.164Irregular pillars _
Wide stopes, irregular pillars _
Long narrow stopes; regular narrow pillars
Room-and·pillar; pillars extracted on re-

treat.
Overhand mining; no pillars except in lean

ore and waste.
Underhand mining; regular s.tope and

pillar.
Sublevel stoping, pillar mining, and some

shrinkage.
Sublevel stoping _
Sublevelstoping, vertical stope face. .

Do

Average of7 mines. Tri- 1927-3o Irregular pillars; flat beds _
State district.

No.8, Southeast ~fis- 1928 do
1

souri.
Mascot, Tenn_ ___ __ __ __ 1,929_ Mill-hole system irregular pillars _
Marquette range, No.1 1928 Regular room and pillar _

hard-ore mine. Mich.1
Mineville, N. y,l 1927 _
Osceola, Mich_ __ 1931. _

~~:~i~~~~~IO~~~= ==== i~~i= ======================
Granada, Que July 1932

1

Mary, Tenn___ _________ 1928 -- __ - -- --I

Burra-Burra, Tenn 1 1928
1

Sublevel stoping, outward sloping stope
face.

Sublevel stoping in wide ore; shrinkage
stoping in narrow ore.

Underhand benching similar to sublevel
stoping on dips above 45°, but benches
150 feet high measured on dip.

1932. ____ __ __ Overhand, using scrapers on dips under 45°_

Hanover-Bessemer, N. 1930 . Underhand benching to inclined stope
Mex. raises.

Hartley, KawL______ ___ 1932 (6 mos.) __ Open stopes, irregular pillars _
Presidio, Tex.6______ 1929. do _
Teziutlan, Mexico JulyI930toJune193L Open stope and pillar; cut-and-fiIL _
EI Potosi, Mexico Aug. 1933 Underhand benching _
Pilgrim, Ariz.7 Last Quarter 1936 Open stoping, stullsupporL _

Do_ ____ ______ __ _ 1932 _
No.1, Menominee 1928. _

range, Mich.l
No.2, Marquetterange, 1928 1

Mich.!
Spring Hill, Mont Aug. 1, 1929, to Apr. 30,

1930.
Sherritt-Gordon, Man. 4 1931-32. _



Mt. Isa, QUeenSland j July 1935 to June 30, 1936__ Sublevel stoping -------- 1 . 639 1 . 034 1 .181 1 .030 1 .208 . 043 1 . 076 1 1. 211Aldermac, Quebec 4_ _ _ _ 1938 do_ _____ .780
~ea.ttie! Quebec 9 • 1937 Spiral stopin~----------------------------- .610

anadlan MalartIc, 1938_______________________ Sublevel stoplng_ _ .336 .032 .132 .146 .003 .038 .687
Quebec.t° I

I I Iii i

II. SHRINKAGE STOPING

U2
f-3
o
I-d
H

~
Q

$2.050
2.743

1. 276

1. 395
1. 972

1. 370
1. 700
1. 750
1. 230
1. 661
1. 557
n.620

12 1. 412
131.610

1. 275

2.318
2.923

1. 310
.760

14.897
.632
.549

.020

.020

.010

.010

.033

.060

.053

.258

.089

.027

.070

.040

.124

.033

.0038

$0.220
.207

.053

.070

.12R

.017

.012

.012

.0056

$0.180
.146

.082

.120

.054

.140

.200

.070

.100

.135

.042

.030

.027

.164

.046

.093

.120

$0.270
.355

.219

.160

.304

.230

.270

.310

.240

.234

.316

.460

.400

.107

.180

.410

.305

.150

.157

.100

.128

.1210

.080

.070

.087

$0.160
.209

$0.270
.100

.115

.190

.250
I

.390

.460

.640

.390

.485

:~~61 ~ :~~_
.200 _
.048 .114

.250

.468

.714

-----:135-1_ ___ . 070
.150 __ ----.

.200 --------
.100 1 _

.073

.096

.070

.061

.084

.105

.347

.070

.033

.041

.036

$0.300
.064

.020

.065

.086

$0.650
1. 662

.700

.710
1. 082

.590

.750

.720

.490

.734

.761

.770

.671

.919

.626

1. 215
1. 437

.950

.378

.470

.223

.3186

1925_ __ __ On stulls _
1925 .:: do _
1928-29____________________ On pillars _
1927_________ ____ ____ ______ On stulls _
June 1929, to August 1930 do _
1928_ __ On drift pillars _
1930_ ________ __ __ __ __ __ ___ _ On drift timbers _

1930.. - _. -- do_ .. _
1930- - - - - __________________ On stulls__ . .. - _- __ - - -
August 1929 to July 1930, Partly on stulls, partly on drift pillars _

inclusive.
3 months, 1930_ _____ __ On stulls _
5 months, 1930; 17 months, do _

1929-30.
7 months, 1929 On drift pillars_. 1

1928 do - - _- _
1929 Semishrinkage between stope pillars _
1930_ __ __ On stope pillars_ ------ -- -- - - -- ---- --------
6 months, 193L On drift pillars- _

Harmony, Idaho 1 January-June 1929 On drift pillars with grizzlies over chutes __
Nevada-Massachusetts, 1928_ On drift pillars _

Nev.
Hillside,I1L 1929 On drift pillars in wide ore; on stulls in

narrow ore.
1929_ _ On stulls ---
1929____ ___ On drift pillars _

Daisy, IlL _
Cortez, Nev _
Eighty-Five, N. Mex.:

8-stope _
6-stope _
26-stope _
3-stope _

Verde Central, Ariz- _
Teck-Hughes, Ontario_
Kirkland Lake, On-

tario.
Do _

Elkoro, Nev _
Vipond,Ontario- _

Sylvanite, Ontario _
Porcupine United, On-

tario.
Black Butte, Oreg _
Engels, CaUL _
Marquette No.4, Mich.
Mt. Hope, N. J _
Colorada, Mexico _

1 Costs per long ton of 2,240 pounds.
2 Breaking cost.
S One-third of broken rock sorted and rejected as wastc in mine. Total direct stoping

cost per ton broken was $1.843.
4 Brown, Eldon L., Mining Methods and Costs at the Sherritt Gordon Mine: Oanadian

Inst. Min. and Met. Bull. 257, September 1933, pp. 468-494.
oScraping.
6 Howhert, Van Dyne, and Bosustow, Richard, Mining Methods and Costs at Presidio

Mine of the American Metal Co. of Texas: Trans. Am. Inst. Min. and Met. Eng., 1931,
pp.38-50.

7 Hastings, Earle F., Mining and Milling Methods at the Pilgrim Mine, Chloride,
Ariz.: Bureau of Mines Inf. Circ. 6945, 1937, 18 pp.

8 All supplies.
9 Tuttlc, Jay, Spiral Stoping at Beattie: Canadian Inst. Min. and Met., BulL 322,

February 1939, pp. 95-122.
10 Neelands, E. V., and Millenbach, J. P., Mining Methods at Canadian Malartic:

Canadian Inst. J\fin. and Met. Bull. 321, January 1939, pp. 35-49.
11 Cost per ton of ore hoisted.
12 Cost per ton of ore broken.
13 Stope ore only.
14 Per long ton and includes stope development ($0.298).

~
\.0
CJ,j



TABLE 38.-Stoping costs-Continued

Ill. FORCED CAVING

~
~
~

Direct stoping costs per ton of ore mined

~
~
>o
H
~

o
t:=j

~
H
trj
1-3

~
I
~
H;;
~
o

.030 2.370

.020 2.460

.099 1. 257

.078 1. 5it
2.010

1~-0~323--11,80:4321-18-o~ 170--I~~~" 8g~
Ig.050 U.066 U.026 Ig.914

.510 I • 708 . 121 21 6.313

I
.280 II .200
.170 .270
.095 I .192
.216 .107

24.140 I 24.260

· 135 I .155 1- --------_II 1. 125
· 100 . 130 __________ 1. 130
· 134 I' . 243 . 007 1. 370
.414 .445 .178 2.923

----~ 103.--1- -- .061--I :6~g 1

28 t r~~
· 112 I . 357 I, . 101 I 1. 750
· 111 I . 322 I • 054 2. 371
· 173 . 249 I . 024 3. 502

· 10251 . 1138 i . 0059 I . 7984

:~~ :~~g i : g~~ I i: ~~~
! ! I

.098

.054

.128

.070

.091
.472

.0996 I~
.414

.031 \

.215

.200

.175

.136

·l'-~:g~~--1- -"~:~~
1. 228

I
. 600
. 380

. 085 I .008

.252
24.090

.095

.041

.056

.080

.142

.130 I

-------1.267 i
.038 I

I

-------

.181

.620

.700

.630
1. 750
1. 340
.794

1.030
1. 550
2.454

.4766
1.490
.891

1. 260
1. 620
.693
.877

241.520

Variation of open-stope methodYear

May 1926 to Jan. 1, 1930 1 Incl!ned between d.ouble square-set leads __
1928 and 1929 : Inclmed between sIngle square-set leads _

~i·l;~~:~f-~'l:~~:::: I:~~t~~l~:lf;l~~:~~: :irted:~~ ~aste:: ~:

l~~-~~o:ii j~~~:~~~~-::-~ I·:;I~~t~~~~ ~~:~:- ~_: ~::~:::: ~: ~ ~:::: -: ~ ~-I

Mine

IV. CUT-AND-FILL STOPING

Questa, N. Mex \1929-1930 1 Horizontal; largely resuing

I

1_

Cold Springs, Colo_ ____ 193L ____ __ Resuing___ __ ________ __ ______________ 18 3.238 18 O. 672
Do do do_ _ 18.497 Ig.103

Lucky Tiger, Mexico 20 I Nov. 1924_ ---------------- Mostly horizontal resuing; rill stoping in 2.846 .900
wide ore.

Eighty-Five, N. Mex.: i
lO-stope _
26-stope _

Matahambre, Cuba _
Teziutlan, Mexico .. _
Pecos, N. Mex -1

Calu?let and Arizona, I
Anz.:

68-stope _
90-stope _

Pilares, Mexico _
United Eastern, Ariz. 26_
Champion, Mich. 27 _

Hecla, Idaho _
Morning, Idaho _
Silver King Coalition,

Utah.
Colorada, Mexico_ -- __ .16 mos. 193L j Horizontal between stope pillars _
Magma, Ariz ;_ __ 1928_ ____ _ Incl~ned between squar~-set lilles __ ~ _
McIntyre,OntarIO ]93L HOrIzontal cut-and-fill, some shrmkage I·

stoping.

I

---1---- - -, - - I
Air com- I

Labor Sl;ll?er- pres.sion, I Po er ! E~plo- Timher Oth~r I Total
VISIon drIlls, w I Sives supplles

I and steel I I

----I- -------------,--- --------------1--1
-----1----1--

Alaska-Juneau, Alaska__ l ]928 Powderdriftblasting I $0.0617\ \15$0.0019
1

J $0.0499 1 $0.0084 $0.1219
Beatson, Alaska I 1922-1926,incl Stopes70ft.widebetween 30-ft. Pillars.! 18.1447 :------ ---I .06471 : .0778 $0.0020 1 .0768 16.3660

I Blasting long holes around raises. I 1 I 17 .2370
Britannia, East Bluff, I 1934'? Undercut and blast down with long drill .055 $0.013 I .010 $0.010 I .098 .016 .043 .235

British Columbia. i holes. I I i



$2.439
1. 959

2.272

2.150
2.830
2.426
4.024

34.949

4.973
1. 793 U2

34.430 H
0

2.223 I-d
H

37 2.320 ~
3.230 Q
1. 131

421. 939

.164

.040

.120

.202

.059

.225

.045

37.380
.620

.260

.400

.423

.691

.317

.353

37.280
4°.730
41.388

.234

37.090

$0.1481 $0.335 I $0.057
(All other, 1.715)

I i
.154 I .315

I
.110 I
.150
.112
.099

.127

.050

.091

.071 I .126

37.070

$0.088

3&.027

37.340
311.360

.054

1.186

$0.013 I
.244

I
.194

I

.110 I
(33)

.101 I
.521

.198

.030

.103

.068

.150

.060

.254

37.170

$0.052

.044 I . 053 1_ - -- -- ----I .015 .150 .014 1.225

.1556 .1345 3°.1801 .0853 1. 4421

.065 I .053 I .034 .058 .120 .235 1. 762
32.31 .3

1

10 I .200 .070 .370 3.78

1. 430
2.160
1. 437
2.400

1. 377

$1. 746

.792

37.990
381.520

.462

1.125

v. SQUARE-SET STOPING

September 1929_- 1 Horizontal floors_ -- - - - - -- -- -- -- -- -- -- -. --
1928 Vertical slices 2 or 3 sets wide, 10 to 20

sets long.
1928_ __ Inverted V-shaped back ,

l~~::::::::::::::::::::::: 1-~:~~:~~~~ii~~i:::::::::::::::: ::::::::::
November 1929 Vertical sections, 2 sets wide _

Bawdwin, Burma 15 1 1 Rill sections, 50 ft. long by 3 or 4 sets wide_

Gold Hill, IdahO 1 September 1936 1 Horizontal _
Eureka Standard, Utah. February 1933 do _
Victoria, British Co- 1934? Vertical sections 6 sets long _

lumbia.
Dayton Consolidated___ 1936_ __ __ HorizontaL _

Argonaut, CaliL _
United Verde Exten

sion, Ariz.
Bunker Hill & Sul-

livan, Idaho.
Page, Idaho _
Pecos, N. Mex _
Park-Utah, Utah _
Tintic Standard, Utah_

Park City Cons., Utah_\1935_ ----------------------1 Inclined cut-and-fill on drift sets and open I .889 Istulled stopes.
Hollinger, Ontario 29 1934 Horizontal cut-and-fill; some shrinkage .8866

stoping in narrow ore.
~ Ground Hog, N. Mex __ 3 mos. 1930 , Inclined; square set and fill in wide ore , 1.197 I
~ Golden Anchor, Idaho__ 11937 1 Horizontal, resuing 1 31 2.52 I

o
<:0

(
'"r
l\:)

o

a Power.
16 Includes benching in stope and pillar raises, and also bulldozing.
17 Stope preparation. .
18 Per ton of sorted ore; includes cost of sorting.
til Per ton of ore and rock broken.
20 Mishler, R. T., and Budrow, L. R., Methods of Mining and Ore Estimation at

Lucky Tiger Mine: Trans. Am. Inst. Min. and Met. Eng., vol. 72, 1925, pp. 469-484.
21 Per ton of ore hoisted.
2270 percent cut-and-fill, 30 percent square-setting.
23 Mostly cut-and-fill, some open-stoping.
24 Costs cover cut-and-fill stoping only; about 20 percent of stope rock sorted out as waste

in stopes.
25 59.4 percent horizontal cut-and-fill, 17.6 percent inclined cut-and-fill, 17.7 percent

square-set stoping, 3.7 percent top-slicing, 1.7 percent shrinkage stoping.
26 Moore, Roy W., Mining Methods and Records at the United Eastern lYIine: Trans.

A.m. Inst. Min. and Met. Eng., vol. 76, 1928, pp. 56-92.
27 Schacht, W. H., Mining Methods of the Copper Range Co.: Trans. Am. Inst. Min.

and Met. Eng., vol. 72, 1925, pp. 346-369.

28 Includes tramming, timbering, track, compressor operation, and drill expense.
29 Young, Arthur W., Mining [at Hollinger]: Canadian Min. Jour., September 1935,

p.396.
30 Includes filling material.
31 Includes liability insurance, $0.12.
32 Includes superintendence, assaying, engineering, and social security.
33 Not segregated.
34 Maintenance.
35 Calhoun, A. B., Mining Methods at Bawdwin Mine: Trans. Am. Inst. Min. and

Met. Eng. (issued with Min. and Met.), vol. 69, August 1923, 40 pp.
36 Air and steel only.
37 Includes development.
~8 Includes explosives.
39 Air compression; includes air for development.
40 Includes timber and supplies for development; maintenance and filling ($0.22).
41 Timber $0.113 plus filling $0.275.
42 Per ton of ore from stopes only. ~eo

C.n



TABLE 38.-Stoving costs-Continued

VI. CAVED-STOPE METHODS

~
~
OJ

Direct stoping costs per ton of ore mined
1----------------- ------ - --- -- - ------------------

Mine Year Variation of open-stope method
Labor Super

vision

Air c9m-1
pressIOn, I Power

drills,
and steel

Explo
sives Timber Other

supplies Total

I' I- 1 1 1 1 1 1 1 , _

--------1----:----1----'----,----,---

~
t;j
1-3

~

*~H
~
o
'"0

~
o
1-3
Ho
~.273

.059

.129

.085

.3468

43.2220

$0.2197

.0087

.021

.010

.031

.0550

.009

.034

.043

.0507.0065

______, ~~~~~L __._~3~~L __~~~J{ :::~~

.045

.045

.0027
=1==

.005
I

.040

.040

.2232

.114

.153

r ing I{ $0: :;:~ _=1 $0: :::: I $0: ::: I $0: :~:~ I $0: ::: I $0::: I :~:::
.0940 .0001.0001.0190 I .0129 .0006 .1267

Total 1_ ---- - ---- -- -- ---------- -- - -1- - - - - - -- - - -- - - -- ---------------------- - - - - --I

Total -- 1_ - - - - - -- - - - - - - - - -- ---- -- - - - -1- - - - - - -- - - - - ------ ------ --- - - - - - -- - - - - ------1

Ohio Copper, Utah 1 October 191L
1Do_ __ __ . Blocks 30 ft. hi h

Ray, Ariz.: 1 ApnI1913. I. finger raises. g undercut and caved to
Pr:ft~~~tory exca-\} - do _

Stoping.·_____ 1928_ --Drawing ore__ ====== -1 Block

~~~!:;f.tfri~A~~~~:~::::I ~~tr 1925; -iosepi·-30~}I:: :::~~::: :::::::::::::::::::::::::::::::::1--
Humbolt (Morenci),

Ariz.:

~;:~f~;~~~~~-1}1928_-- 1 do --I{ :~~~
Undistributed _

Braden, Chile 1 1928 I{BlOCk caying. Under~ut by widening
over senes of parallel tImbered drifts.

.1271 . _ .0128 , _ .0216 .0448
{

.2173
.0110 I 46.0620

.2793

=1=1 -==1='='='=
Total 1_ - - - - - - - - - - - - - - - - - - - - - - - - - - -1- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --I

=1 1=1=1=1=
Eureka - Asteroid, I 1929

1

Mich.4i
Sublevel caving. Stoping _

Timbering 48 . ------1

.246

.193

.439

.014

.011

.025

.067

.001

.068

.069

.069

.068

.068

.002

.006

.008

.398

.279

.677



.707

.611

.930

.780

.750
1. 0354

U2
H
0
I-d
H

$1. 2034 Z
1. 280 0
1. 335

1. 370

511. 925
4.199

.077

.018

.075

.040

.070

.141

.990

.210

.079

.236

.075

.040

.138

.047.045

0.081
.228

.025.370Radial top slicing, scraping to chutes _

VII. MINES EMPLOYING SEVERAL METHODS

1935 1 Parallel.slicing, ha~d.sh~veling to chut~s 50_ 511.547
6 monthR, 1937 Two-thIrds top shCIng, hand shovehng 2.589

into cars. One-third stringer-set-and- I
fill. Sorting in both top slicing and
stringer-set stopes.

Mitchell top slice_________________________ .540 I .100
.. .. I

TopslICIng,handshovehng,stnngersand .450 (55) I .010 I .070 I .250 , _

posts. I
~~~~~~~,1.Y":XiCO--~~::::I ~~~i:::::::::::::::::::::::I¥'~~~~~;;,~Pp~Ji~~~gbetwee;;.-filled stopes~::: ----~5335- ~:::::::::1----.-0999-I::::::::::1----'-1314-1- ---~2ii34-I' ---.-0072-

Oalumet and Arizona, 11916 1

Ariz. 53
Bordo, Mexico 54 1925 1

Colorada, Mexico_______ 16 months, 1929______ -- -- __I (56)._ - - - - -- - - - - -- -- -- - --- -- --- - - -- - -- -, -- --I
$0: ~~~81--~~:~~~~-1 $0. 1808 I $0. 0071 1

$0.
2146

1

$0.1979 I $0.0966
Oam~bell, Ariz___ ______ 1928, 1929__________________ (:~)---- ____________________________________ 0.220 .120 .175
JunctIOn and Oamp- 1928,1929__________________ ( ) ________________________________________ .865 __________ .160 .095 .215

bell, Ariz.
Pilares, Mexico_ ___ _____ 1929_ ________ ____ __ __ ____ __ (58) ________________________________________ .630 .181 .175 .134 .243 .007

Montreal, WiSY------- 1 1929-----------------------1 Sublevel caving. StOPing 1 .2241 .0351 .020 1 1 .061 1----------1 .020 I .360Timbering 48 ______________________________ .149 .007 .060 .008 .224

TotaL ~~~~~~~~

Mesabi No.1, .Minn. 47__ 1928 1 Parallel top sl~c~ng, scraPip.gintocars I~I~I~I~I---:0606I~I--.-oi40!~
Marquette, MICh., No. 1929 Parallel top slIcIng, scrapIng to chutes_____ .421 .018 .095 .008 .055 I .079 .063 .739

9.47

:1~~::::,~;:~:, ;~. ~::::: ::::::::::::::::::::1 do--- 1 , • , , • , -' _

15.47
Oceanic, Oalif.4Q _

Judge, Utah 52 _

fa Includes development and equipment.
4. Preparatory work above grizzly level.
~5 Drawing and maintenance.
46 General expenses.
•7 Costs per long ton.
• 8 Includes timber for development.
411 Frolli, A. W., Mining and Reduction Methods and Oosts at the Oceanic Quicksilver

Mine, Oambria, San Luis Obispo County, Oalif.: Bureau of Mines InI. Oirc. 6950, 1937,
13 pp.

60 80 percent top slicing; 20 percent square-set stoping.
51 Includes compensation insurance, $0.121.
H Krueger, Qeo. S., and Hewitt, E. A., Mining Methods and Oosts at the Judge Mine,

Park Oity, Utah: Bureau of Mines Ini. Oirc. 7003, 1938, 10 pp.

53 Wilson, Philip D., Oomparison of Stoping Methods at Oalumet and Arizona Mine:
Min. and Sci. Press, Aug. 26, 1916, pp. 315-317.

54 Mechin, R. J., Top-Slicing in Old Fills at El Bordo Mine, Mexico: Trans. Am. Inst.,
Min. and Met. Engr., vol 72, pp. 139-145.

55 Included in other costs.
56 Rill cut-and-fill, 104,057 tons; horizontal cut-and-fill, 37,949 tons; square-set, 32,220 tons;:

shrinkage, 36,354 tons; drifting, 51,696 tons.
57 Inclined cut-and-fill and semishrinkage.
58 Horizontal cut-and-fill, inclined cut-and-fill, square-set stoping, shrinkage stoping"

top slicing.
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In fi.gure 119, direct stoping costs are plotted against approximate
ve,in or stoping widths, in feet, for a number of mines employing,
r'espectively, open stoping, shrinkage stoping, and cut-and-fill stoping,
and thus indicate the effect of width upon direct stoping cost per ton
of ore. High costs in llarrow stopes are due principally to reduction
in tons broken, per foot of hole drilled and hence per man-shift.

Analysis of the curves emphasizes other factors affecting the cost.
Thus, at A a high-cost open-stope operation is shown, caused by
great irregularity of ore outline, numerous displacemeIlts of the ore
body by faulting, and mining of much thin ore arouIld the margins.
At B, a higher than llormal cost may be attributed to the fact that
although the stopes are about 25 feet wide, much of the ore is very
thin. At SS, T,and T are shown higher than normal cut-and-fill
stoping costs. T and T represent mines where the stringer-set-and-fill
method, using large qua,ntities of timber, is employed under very heavy
hanging-wall conditions that require cautious mining. At SS the
higher cost is due to the use of considerable square-set stoping in con
junction with cut-and-fill stoping.

The effect of resuing, involving the breaking of considerable wall
rock and resulting in low tonnage per man-shift, and added costs for
sorting in the stopes, is indicated by the costs R-R-R.

The points used for determining the shrinkage-stoping curve are
seen to be quite erratic in their distribution, few of them actually
falling on the approximate mean curve. This may be interpreted
to show that with shrinkage stoping, in particular, other factors such
as hardness of ore, tonnage mined per month or yeaT (affecting super
visory and other distributed costs), and the physical peculiarities
of individual ore bodies affect the costs to an extent that clouds the
effects of width. The high cost shown at C is due to irregularity
of ore bodies, the use of some cut-a,nd-fill stoping, and the necessity for
considerable secondary blasting.

In general, the curves indicate that stoping costs vary considerably
with tIle width for widths of less than about 8 to 10 feet, whereas for
greater widths they are influenced only slightly by the stoping width.

Costs of square-set stoping (not shown in the figure) do not appear
to be influenced greatly by width of ore, largely because individual
stoping rounds usually are drilled to break OllIy one square-set of
ground at a time, regardless of the dimensions of the ore body. With
caved-stope methods the ore must be wide en,ough to cave readily,
and this usually means that limiting widths must be greater than
those at which there is much variation in costs with different widths of
ore. Wide ore (or stopes), whatever the method of stoping, obviously
Inakes possible a higher production rate from the mine and thus
reduces general and distributive costs. The effect of rate of output
upon total unit production costs will be considered later.

Sorting of ore in the stopes adds considerably to the cost per ton if
much sorting is required but may result in a reduced cost per unit of
metal. Although only rarely is sorting carried to the degree illus
trated by the practice at Cold Springs mine, the effect of sorting on the
cost per ton of sorted ore and upon the cost· per unit of metal is
emphasized by the following computations covering practice at that
mine.53

.53 Vanderburg, William 0., Methods and Oosts of Mining Ferberite Ore at Oold Springs Mine, Neder
lapd. Boulder County, Colo.: Bureau of Mines Inf. Oire. 6G73, 1932, 15 pp.
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Effects of sorting, Cold Springs mine

Therefore,

Averaoe value
per ton

Run-of-mine ore as broken, containing 0.9 percent of WOa (WOa figured
at $12 per unit) $10.80

Sorted ore containing 5.72 percent of W03 (tungstic acid figured at $12
per unit) - - - - _- - - - - _- _ 68. 64

Waste rejected in sorting containing 0.025 percent of WOa (tungstic acid
figured at $12 per unit) - ____ . 30

Assume: X =the number of tons from which 1 ton of $68.64 ore can be sorted,
Y=the number of tons of waste thrown away for each ton of $68.64 ore

obtained,

then 68.64+0.30 Y= 10.80 X
and X- Y=l

10.80X-0.30 Y=68.64
-0.30 X +0.30 Y= - .30

10.50 X =68.34

X = 6.51 tons of run-of-mine ore broken for every ton of sorted
ore sent to mill,

Y=5.51 tons of waste discarded for every ton of sorted ore
obtained.

The cost of sorting 1 ton of $68.64 ore from the run-of-mine product
is $1.95. Expressed in another way, the sorting cost per ton of run-of-

. · 1.95 Th f· . f f·mIne ore IS 6.51' or $0.30. e cost 0 mInIng 1 ton 0 run-o -mIne

ore is $2.34. The cost of transporting ore from the mine to the mill on
contract is $1 per ton. The milling cost of run-of-mine ore is taken as
$2.85 and the cost of milling the sorted product is $3.22 per ton. 54

The mill recovery on the unsorted ore is estimated at 80 percent, and
the recovery on the sorted ore is 87 percent.

The profit per ton of ore without sorting is shown in the following
calculation:

Per ton
Mill returns, $10.80XO.80 (recovery)____________________ $8.64
Costs:

Mining_ ___________________________________ $2. 34
Transportation_ ____________________________ 1. 00
Milling ._ 2. 85

Total direct cost_ _______________________________ 6. 19

Profit per ton of run-of-mine ore without sorting_ ________ 2. 45

The profit obtained by sorting is shown in the following calculation:
Per ton of
sorted ore

Mill returns, $68.64 X 0.87 (recovery) $59. 72
Costs:

Sorting ._ __________ $1. 95
Mining (6.51 tons at $2.34 per ton) ___________ 15. 23
Transportation_ ____________________________ 1. 00
Milling -------- 3.22

Total direct cost 21. 40

Profit per ton of sorted ore ____________________________ 38. 32
Equivalent profit on unsorted ore ($2.45 X 6.51) __________ 15. 95

Additional profit obtained by sorting_ ___________________ 22. 37
-'------

H Vanderburg, William 0., Methods and -Costs of.M:illingFerberite Ore at the Wolf Tongue Concentrator,
N~d~rland, Boulder Countr, Col~.; !lg:r~l:tU 9f M!Jw~ Inf. Qirc, 6685,1933, 13 pp.
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Therefore, the additional profit obtained by sorting, as based on

f f · . 22.37 d h I fi· 38.321 ton.o run-o -mIne ore, IS 6.51 ' or $3.44, an t e tota pro tIS 6.51 '

or $5.89, as against $2.45 obtained without sorting.
The economical limit of sorting-namely, the amount that can be

paid for sorting before the profit will fall below that obtained without
sorting-is calculated as follows:
Where $2.45=profit per ton of run-of-mine are without sorting,

$3.44=additional profit by sorting,

$O.30=cost of sorting per ton of run-of-mine ore (~:;~)
and X = the maximum amount that can be paid for sorting 1 ton of run-of-

mine are.
'J'hen, 2.45=3.44+0.30-X

X = $1.29, or the economical limit which can be paid for sorting 1 ton
of run-of-mine are.

The foregoing analysis reflects the importance of sorting when deal
ing with narrow veins. It should be mentioned, however, that
sorting, to be effective, requires careful- supervision, as it may result
in actual loss if not properly done.

In the above cost analysis of sorting it is assumed that the cost of
mining per ton of run-of-mine ore is the same whether or not sorting
is practiced. Actually, however, if the waste obtained from sorting
were not utilized for support the cost of mining would be appreciably
higher if all the run-of-mine material were sent to the mill, because
of the necessity of providing support for the stopes.

Table 39 presents stoping costs in terms of man-hours of labor in
stopes per ton of ore mined.

TABLE 39.-Man-hours per ton, stoping

I. OPEN STOPING

Man-hours per ton of ore mined

Mine Year Variation of stoping method Hand
and

B~eak- power
lng muck-

ing

Other
stope
labor

Total

Tons
pcr

man
shift, all

stope
labor

---------- -----1----------------------------

11. 2
9.6
5.6

18.1

18.6
28.5
11.4

14.4

.429

.316

.703

.441

.034

.009

.051

1927 to Irregular pillars _______________ O. 252 O. 226 1 O. 076 O. 554
1930
1937 do________________________ 3.167 _
1937 do________________________ 4.084 _
1937 do 4.131 _
1937 do________________________ 5.080 _
1928 do________________________ .122 .319

A.verage 7 mines, Tri
State district.

Tri-State 2 district _
Do- _
Do _
Do _

No.8, Southeast
Missouri.

Southeast MissourL__ 1929 do_ ___ .162 .233
Mascot, Tenn________ 1929 do. -_________________ .214 .093
Marquette No.1, 1928 Regular pillars________________ .342 .310

Mich.6

Mineville, N. Y.6____ 1927 Irregular pillars_______________ .236 .480 .716
Edwards, N. Y______ 1930 Regular and irregular pillars 7_ .456 .304 .072 .832
Vanadium,Colo 1931 Regularpillars8 ~ .300 .900 9.240 1.440

1 Hand tram.
2 Nicholson, O. W., Improvements in Mining Practice of Tri-State District: Am. Inst. Min. and Met.

Eng., Min. Tech., May 1938,17 pp.
3 Scraping to hopper.
4Scraping into cans.
5Scraping to conveyor belts.
6 Per long ton of 2,240 pounds.
7 Irregular pillars in strong ground; regular pillars in weaker ground.
S Pillars extracted on retreat, using timber and filling; thin ore.
9 Timbering and filling.
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TABLE 39.-Man-hours per ton, stoping---Continued

I. OPEN STOPING-Continued

Mine Year Variation of stoping method

Man-hours per ton of ore mined
Tons--------,----,--- per

Hand man-
Break- and Other shift. all

ing ~~~~~ ~~b~~ Total f:b~~
ing

Granada, Quebec_____ 1932 Overhand stoping pillars, of 0.809 0.617 0.249 1. 675 4.8
lean ore and waste.

Mary, Tenn _________ 1928 Regular pillars, underhand .556 .467 1.023 7.8
benching.

Burra-Burra, Tenn. 1928 Sublevel; some pillar mining .348 .258 .606 13.2
and shrinkage stoping.

Menominee No. 1, 1928 Sublevel stoping ______________ .353 .011 .038 .402 19.9
Mich. 6

Spring Hill, MonL_ -- i 1929-30 Sublevel stoping in wide ore; -------- -------- -------- 1.081 7.4
shrinkage in narrow ore.

{10.218
}-------Hartley, Kan_________ 1931 Irregular pillars _______________ .229 111.160 .427 18.7

12.198
Presidio, Tex.l3 ______ 1929 _____ do ________________________ 1. 280 1. 460 2.740 2.92
Mt. Isa, Queensland_ 1936 Sublevel stoping ______________ .456 .159 .098 .713 11. 2
Iron Mine A6 ________ 1928 _____ do ________________________ .200 -------- -------- .200 40.0

Do ______________ 1936 _____ do ________________________
---.-180- -------- -------- .107 75.0

Iron Mine B6________ 1928 _____ do ________________________
-------- -------- .180 44.4

Iron Mine C 6________ 1928 _____ do ________________________ .140 -------- -------- .140 57.1
Iron Mine D 6________ 1928 ____ -do ________________________ .140 .140 57.1
Montreal, Wis.6______ 1928 _____ do _________________________ .192

I
.024 -------- .216 37.0

II. SHRINKAGE STOPING

Man-hours per ton of ore mined

Mine Year Variation of stoping method
Break- Muck- Tim-

ing ing bering Total

Tons
per

man
shift.

all
stope
labor

---------1----1--------------1---- ---- ----- ---- ------

Nevada - Massachu- 1928 On drift pillars________________ 0.700 0.383 0.376 1. 459 5.5
setts, Nev.

Harmony, Idaho_____ 1929 On drift pillars (with grizzlies 1. 190 .060 1.250 6.4
over chutes).

Hillside, IlL _________ 1929 On drift pillars in wide ore; on -------- -------- -------- .906 8.8
stulls in narrow ore.

Daisy, IlL ___________ 1929 On stulls ______________________ -------- -------- 1. 280 6.2
Cortez, Nev__________ 1929 On drift pillars________________ .901 .475 .209 1. 585 5.0
Teck-Hughes, Ontario_ 1928 _____ do ________________________ 1. 400 - - ~ - - - -- .117 1. 517 5.3

Do ______________ 1928-29 ______ do ________________________ 1. 312 6.1
KirklandLake,Ontario 1930 On timbers ___________________ .900 .480 .070 1.450 .5.5
Vipond, Ontario______ 1929-30 Partly on stulls; partly on pil- 1.176 6.8

lars.
Elkoro, Nev _________ 1930 On stulls- ______________________ .555 -------- .818 1. 373 5.8
Mogollon, N. Mex __ 1922 On drift pillars_______________ -------- --------- .740 10.8
Sylvanite, Ontario ___ 1929 On stulls- _____________________

------- -------- -------- 1. 700 4.7
Lake Shore, Ontario __ 1929 On drift pillars________________ -------- -------- .668 12.0
Engels, Calif_________ 1928 -- ___ do ________________________

~ - - - - - - - - - - - - --- .598 13.4
Isle Royale __________ 1928 g~ ~~~~~piliars ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ - ~ - - - - - -------- .360 22.2
Mt. Hope, N. J.6 __ 1930 .115 69.5
Marquette No. 4, 1929 Semishrinkage between stope .473 .126 .599 13.3

Mich. 6 pillars

1-
Verde Central, Ariz __ 1929-30 I On stulls- _____________________ .720 .330 1. 050 7.6
Porcupine United, 1929-30 _____ do ________________________ 1. 536 .0650 .944 3.130 2.55

Ontario. I" 1000
Hog Mountain, Ala 1935-36 On stulls or drift pillars_______ 1. 580 .180 B 2.760 2.8

e Per long ton of 2,240 pounds.
10 Hand.
11 Power shovel.
12 Average.
13 Howbert, Van Dyne, and Bosustow, Richard, Mining Methods and Costs at Presidio Mine of the

American Metal Co. of Texas: Trans. Am. lnst. Min. and Met. Eng., 1931, pp. 38-50.
14 Includes tramming.
13 Per ton of ore produced in stopes; development ore not included.
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TABLE 39.-Man-hours per ton, stoping---Continued

III. FORCED CAVING

303

Man-hours per ton or ore mined

Mine Year Variation of method Muck
Break- ing and

ing tram-
ming

Tim
bering Total

Tons
per

man
shift,

all
stope
labor

A 1ask a - J u n e a u, 1828 Powder drift blasting _______ - -.. _------ -- - - - - -- -------- 0.086 93.0
Alaska.

Climax Molybde- 1929 ___.__ do_______________._ -------- -------- -------- .184 43.4
num, Colo.

Bristol, Mich.6_______ 1928-29 Transverse shrinkage stopes .- - ----- ---- ---- --- -- --- .155 51. 6
on drift pillars. Sides of
stopes caved by drilling
holes and blasting; stope

I
pillars caved.

Britannia, British 1934'? Powder drift blasting _________ ! 0.084 0.069 0.012 .165 48.~

Columbia.

IV. CUT-AND-FILL STOPING

Man-hours per ton of ore mined Tons
---------------------- per

Variation' of cut-and-fill man-
Mine Year stoping shift,

Break- Muck- "rim- all
ing ing Filling bering Total stope

labor
-----

I
---- ---- ---

Block P, MonL ___ 1929 Horizontal; resuing in 1. 636 1. 812 I 0.508 3.956 2.0
thin ore.

Cold Springs, Colo_ 1931 Resuing_________________ 161.240 16 0.610 1617 3.840 ________ 16.5.690 161.4
Do ____________ 1931 ______ do ___________________ 18.190 18.094 18.590 ________ 18.874 18 9.1

McIntyre, Ontario_ 1932 Horizontal on timbers, 151.520 ----------
15 0.140 151. 66 15 4.8

some shrinkage.
1. 056\Teziutlan, Mexico_ 1930-31 Mostly horizontal cut- 1.068 1. 788 .386 4.298 1. 86

and-fill; some open
stoping.

Matahambre, 1928 Horizontal cut-and-fill, .690 .920 0.670 2.280 3.5
Cuba. 70%; square-setting,

30%.
Pecos, N. Mex ____ 1928 52% horizontal cut-and- 16.774 1~.865 16.362 15.864 15 2.865 15 2.7

fill; 37% square-sets;
11% shrinkage.

Do ____________ 1929 ____ ... do._. -..________________ .917 1.015 .454 1.022 3.408 2.34
Champion, Mich.. 1930 Sublevel inclined________ .550 .730 0.210 1. 490 19 5.39
Hecla, Idaho ______ 1928 Stringer-set _____________ .256 0.451 I .611 1. 318 6.07
United Verde, 19307 HorizontaL _____________ .135 .5471 0.466 1. 148 6.97

Ariz.

___~:~~ _____~~~_1 ___ ~3~0_ IEagle, Colo_________ 1930'1 Horizontal between .280 1. 240 6.45

PHares, MexicO____ 1

square-set aisles.
1929 Horizontal and rill ______ 1. 909 4.19

Atlanta, Idaho ____ 1934 Horizontal ______________ 1. 018 .986 2.004 4.00
Park City Conso1- 1935 Inclined_________________ .479 0.479

I
.479 1. 437 5.57

idated, Utah. I
6 Long tons of 2,240 pounds.
16 Figures based on ore from stopes only; development ore not included.
16 Per ton of sorted ore (6.51 tons broken produces 1 ton sorted ore).
17 Sorting.
18 Per ton broken.
19 Includes sorting 40 percent broken as waste.
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TABLE 39.-Man-hours per ton, stoping-Continued

V. SQUARE-SET STOPING

Man-hours per ton of ore mined

Mine Year Variation of square-set
stoping Break- Tim-

ing bering
Muck

ing
Fill
ing Total

Tons
per

man
shift,

all
stope
labor

Argonaut, CaliL___ 1929 Horizontal floors __ 2.054 0.475 0.347 2.876 2.78
United Verde Ex- 1928 Vertical slices 2-3 sets -------- -------- -------- 1. 653 4.84

tension, Ariz. wide and 10-20 sets
long.

United Verde, 1930 Inclined stepped fnces ___ 0.383 .872 Q.606 1. 861 4.30
Ariz. 2O

Park-Utah, Utah __ 1928 Rilled sections _________ .740 .360 21.830 1.930 4. ]4
Tintic Standard, 1929 Vertical sections, 2 sets .733 0.876 .827 .356 { 2.792 2.47Utah. wide and up to 20 sets 210.449

long.
Silver King Ooali- 1929 Horizontal sections with .934 .683 222.154 3.771 2.12

tion, Utah. some stringer set-and-
fill.

Eagle, 0010 ________ 1930? Horizontal floors ________ .311 .592 .592 .228 1. 723 4.8-\
Bawdwin, Burma_ 1922? Rill sections_____________ 23.516 1. 95 7.110 1. 10

VI. BLOCK CAVING

lVlan-hours per ton Tons per man-shift

Mine Year Stoping and Total un- Stoping and Total un-
drawing derground drawing derground

only labor only labor
-------------------1--------- ----- ------ ------------

Ohio Copper, Utah _
Ray, Ariz -- _- - _

Do _
Miami, Ariz _
Humboldt, Ariz _
Braden, Chile _

DO
1

1911
1927
1928

1925-29
1928
1927
1928

0.127 0.469 63.0 17.0
.0787 . 748 101. 6 10. 7
.0692 .661 115.6 12. 1

_______ - - - - - . 296 ____________ 27. 0
.128 62.8 _

------------ .606 -___________ 13.2
------------ .656 12.2

VII. SUBLEVEL CAVING

Man-hours per ton of ore mined

Total
Other
stoping
labor

rrimber
ing

Muck
ing

Break
ing

_______________________ Tons per
man-shift,
all stope

labor

YearMine

Eureka-Asteroid, IHich _
Montreal, 'Vis _

1)0 _
Nc.16 _
N( .19 _
No. 20 _
Old Dominion, Ariz.2· I

1929
]929
1936
1930
1930
1930
1929

0.194
.176

0.179
.102

0.038
.074

0.139
.045

6 O. 5.50
6.397
.228

6.636
6.200
6.365

2·.462

14.54
20.15

+35.0
12.58
40.00
21.92
17.30

6 Per long ton of 2,240 pounds.
g Timbering and filling.
20 Square-set stopes only.
21 General stope labor.
22 Includes considerable sorting.
23 Timbering and breaking.
~4 Per short ton, Morenci slide (inclined) method.
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TABLE 39.-Man-hours per ton, sloping-Continued

VIII. TOP-SLICING

Man-hours per ton of ore mined

TotalMuck- Timber-
ing ing

Break
ing

Tons per
Year 1--------------------- man-shift,

all stope
labor

Mine

------------------ --------------- ---------

0.090 26 0.359 0.276
Mesabi range. Minn.:

No. 1 _
No. 2 _
No. 2 _
No. 3 _
No. 4 _
No. 5 _
No. 6 _

Vermilion range No.7, Minn _
Ouyuna range No.8, Minn _
Marquette range, Mich.:

No. 9 _
No. 11 _
No. 12 _
No. 13 _

Ooronado, Morenci, Ariz _
Oa.Iu~et al?-d Arizona, Ariz _
MiamI, Anz _
Bordo, Mexico - - _
Judge, Utah _

1928
1929
1937
1929
1929
1929
1929
1929
1929

1929
1929
1929
1929
1917
1916
1916
1925
1937

.093

.870

a5.164

1. 460

.276

.420

6O. 725 611.03
6.515 615.52
6.364 622.00
6.585 613.68
6.540 614.80
6.617 612.96
6.645 612.40
6.401 619.94
6.446 617.94

6.533 615.01
6.919 68.70
6.556 614.39
6.695 611. 50
.714 11.20
.800 10.00
.800 10.00

2.360 3.38
2.750 2.91

25 Scraping.
6 Per long ton of 2,240 pounds.

SELECTION OF STOPING METHOD

Stoping methods and the applicability of each have been discussed
and compared in the preceding pages, and the various points there
emphasized should be considered in selecting a stoping method for
the mining of any particular ore deposit.

Sometimes conditions are such that only one stoping method can
be employed because of the limitations imposed by the physical
characteristics of the deposit. In other instances there may be a
choice of methods or a choice between variations of the same method.
Sometimes the best method cannot be determined until 011e or more
stopes have been opened, as the way the ground stands in develop
ment openings may be very misleading as a basis for foretelling its
action in and around larger stope excavations.

In most mines operated over an extended period of years, mining
methods and practices are evolved gradually to best suit conditions
that may, in turn, change as the mines become deeper and the work
ings more extensive. The physical characteristics of the deposit, as
indicated in the foregoing discussion, often will definitely eliminate
certain methods from consideration, and other factors discussed under
Comparison of Stoping Methods will narrow the field of choice further.
Additional factors not previously discussed are considered below
briefly. Safety, health, and welfare of the workmen obviously are
of major importance, and usually will be affected more by details of
practice than the stoping method employed.
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GRADE OF ORE

The grade of ore may have an important bearing upon the selection
of a stoping method. Thus, if the ore is low-grade it may be more
profitable to employ a low-cost method even though considerable
ore is lost; on the contrary, if the ore is high-grade, a greater profit
may result from the use of a higher-cost stoping method to insure
complete extraction.

Since the prices of metals fluctuate between rather wide limits,
depending on economic conditions, the value of the ores fluctuates
also, and ore that it might pay to leave today may become valuable
enough later to warrant adoption of methods that will permit its
ultimate extraction. Where lower-grade ores occur in proximity to
those of higher grade, either around or above them, it may require nice
judgment to decide whether it is best to risk the loss of much or all
of the lower-grade ore or to adopt methods that will permit immedi
ate lnining of the better-grade ore without risk of caving and thus
preclude recovery of the lower-grade ore later.

Although the percentage of ores tllat are beneficiated before ship
lnent for smelting has been increasing for many years, considerable
ore is still shipped directly from the mines without treatment. Low
grade ore usually must be concentrated, and under some conditions
concentration of fairly high grade ores may be profitable as it elim
inates freight on worthless material and often objectional constituents
on which a penalty is imposed by the purchaser. If, however, the ore
can be kept clean in stoping by preventing dilution from walls and
capping it may be more profitable to ship without beneficiation, thus
making unnecessary large capital investment for a milling plant and
the cost of operating it. Thus, an iron ore may be penalized for silica
or pyrite from the walls of the deposit when one mining method
(for example, block caving) is used, whereas by employing another
method (for example, top slicing) these impurities may be virtually
eliminated. In other instances it may be more profitable to employ
a low-cost, nonselective mining method, accept considerable dilution
in mining, and erect and operate a milling plant.

DISTRIBUTION OF THE ORE MINERALS

The distribution of the ore minerals within the ore body may affect
the choice of stoping method. Several types of distribution may be
mentioned in this connection-(l) uniform dissemination of ore
mineral particles throughout the deposit; (2) erratic mineralization,
with the ore minerals concentrated in lenses or bunches throughout a
surrounding mass of low-grade ore or barren rock; (3) bands or irregu
lar and disconnected stringers of the high-grade ore alternating with
bands or stringers of waste rock or lean ore; (4) deposits containing
two or more grades or classes of ore differing from each other in pre
dominant ore minerals and closely associated; and (5) deposits, the
boundaries of which are gradational, that is, where there is no sharp
demarcation between ore and walls but the grade of ore decreases
gradually toward the margins of the deposit.

1. If the ore minerals are distributed uniforlnly a flexible, selective
stoping method is not required. In large deposits of this type (com
monly of low grade), low-cost caved-stope methods are applicable if
the pllysical characteristics of the rock are suitable for caving.
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2 and 3. In deposits where the mineralization is erratic (types 2 and
3) there may be a choice between selective and nonselective methods.
If selective methods are employed, stoping is confined to the lenses or
stringers of higher-grade ore, taking care to keep dilution at a mini
mum. If nonselective methods are employed, the entire mass is
mined and separation of ore minerals from rock is accomplished in
an ore-dressing plant or by hand sorting. In general, selective
methods are preferable if an ore of good grade can be produced
thereby and if the portions of the deposit mined are each compara
tively large, few in number, and isolated from each other. Non
selective methods, designed to obtain low mining costs, are especially
adapted to large low-grade deposits in which the higher-grade bunches,
lenses, or stringers are small. Selective methods include square-set
stoping, open stoping in flat or low-dipping beds, and cut-and-fill
stoping. Block caving and sublevel caving are nonselective methods,
whereas shrinkage stoping, sublevel stoping, and top slicing may be
selective under suitable conditions or nonselective under others.

4. In deposits cOIltaining two or more grades, classes, or kinds of
ore, selective methods are essential if the various ores must be kept
separate in mining. Square-set stoping and some forms of open
stoping may be employed. Horizontal cut-and-fill stoping may also
be applicable if separate chutes are provided for each kind or grade
of ore, or with less flexibility if the ore chutes are cleaned out before
changing from one ore to another. Shrinkage stoping affords no
opportunity for sorting different types of ore in the stopes.

5. In vein deposits having so-called marginal or assay boundaries,
especially if the grade of the ore cannot be approximated by visual
inspection, sampling must be done after each round is blasted to deter
mine where aIld how to drill the next round. This is often the case
in gold mines and in copper nlines where copper sulfides are inti
mately mixed with larger quantities of iron pyrites. Obviously,
stoping methods permitting a high degree of selectivity must be
employed under these conditions. Some large massive deposits are
enveloped by a gradational zone. If the volume of this zone is small
compared to that of the entire mass, nonselective methods may be
applicable, since the contaminating gradational material contains
some ore mineral and the amount inadvertently broken with the ore
will be too small to affect the grade of ore seriously. If, however,
the gradational zone is thick, it may be necessary to employ a selec
tive method that at the same tim_e will not leave the mine in such a
condition that the marginal ore cannot be mined later when metal
prices are more favorable.

CAPITAL REQUIREMENTS

The amount of capital available may restrict the choice of a stoping
method. Some methods, especially block caving, require large
capital expenditures for general development and stope preparation
before production of ore by stoping can be begun. Open stoping and
ordinary shrinkage stoping require comparatively small expenditures
for stope development, and production can begin almost as soon as
development drifts have penetrated the ore. Funds for exploiting a
mineral deposit may have to cover not only cost of mine and stope
development, plant. and equipment, and operating capital for that
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part of the productive period before any income is received fronl sales
of ore or metal, but also the cost of an ore-dressing plaIlt or even a
smelting plant. In order that available funds may be adequate for all
capital requirements, it may be necessary to adopt a stoping method
that will permit the earliest possible commencement of stoping with a
minimuIIl expenditure, even though a lower operating cost, better
recovery, and greater over-all profits might be possible were a different
method adopted. Methods, such as shrinkage, that tie up a large
proportion of the ore broken may result in depletion of capital before
production attains a profitable rate if the project is inadequately
financed.

COST OF MINE TIMBER

The availability and cost of mine timber may be important factors
in some districts; a mining problem that would otherwise be solved
easily may become very difficult because of the prohibitive cost of
timber. In some instances, cut-and-fill stoping may have to be used
because of the high cost of timber, where better recovery of ore and
less dilution would result by using square-set stoping. In other in
stances an abundant and cheap supply of timber, together with a high
cost of material for filling, might force the use of square setting even
though no other advantage would be gained. The quality of the timber
available may affect the selection of stoping method as between
square-set stoping and top slicing. In top slicing the stopes remain
open only a short time and tough rather than long-life timber is
required.

MARKET CONDITIONS

Most metals are subject to wide fluctuations in price and demand;
it is therefore advisable to consider the effect of these fluctuations
upon the operation of the mine, and a stoping Inethod that can be
adapted readily to changes in rate of output \vith nlinimum attend
ant additional expense should be favored, other things being equal.

As previously pointed out, a, stoping method may be flexible or in
flexible from several standpoints, one of which is the degree to which
it Iuay be adapted to changes in rate of production or to complete
temporary cessation of operations without excessive special prepara
tion or loss of ore.

Sudden expa,nsion of output is usually impossible with slow methods,
such as square setting and cut-and-fill stoping, as increased output
with these methods usually requires preparing additional stopes for
production. This applies also to ordinary shrinkage stoping, top
slicing, and sublevel caving unless development work is kept far
ahead of ore extraction. Excessive advance development obviously
ties up capital unproductively for some time. With sublevel stoping
production usually can be forced considerably by merely increasing
the number of benches being worked simultaneously, the number of
drills on a bench, or both. With block caving, best results usually
can be obtained by fl, regular rate of dra\ving, which should not be so
rapid a.s to cause piping through of broken capping or to give too little
time for the caved ore to break fine enough to pass the draw raises;
moreover, it should not be so slo\v that excessive \\;~eight will be thrown
on the grizzly levels before the ore is completely drawn.

With most mining methods, particularly those used in heavy
ground, a sudden reduction in rate of output is likely to be more
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serious in its effects than a sudden increase. Thus, if curtailment must
be brought about by reducing the number of active stopes, a number
of stopes must be left standing, which probably will result in caving
and loss and dilution of ore unless considerable work is done in placing
extra timber or introducing large amounts of filling. If output can be
curtailed by merely reducing the scale of operations in each stope, the
stopes usually can be kept in better condition although, because of
scattered operations, haulage and other costs may be increased con
siderably.

Operations in open-stope mines usually can be curtailed or stopped
entirely without serious difficulty or much preparation, as the walls
and ore are strong and firm and may stand for years without much
sloughing.

Cessation of drawing in block-caving operations before the block
has been drawn completely may result in packing of the broken ore;
extraction openings may take weight and crush also. With sublevel
caving and top slicing, it is usually necessary to complete active slices
before shutting down or at least to pull back to a straight cave line
if loss of ore and dilution are to be avoided when operations are re
sumed later.

FACTORS AFFECTING RELATED MINING OPERATIONS

Stoping is closely related to other underground operations-develop
ment, hauling and hoisting of ore and waste, procuring and handling
of filling material, and handling of timber, drill steel, explosives, and
other supplies.

Thus, the stoping method to be employed should be considered
when the general plan of development is laid out and a level interval
and the details of developlnent are being selected.

A single longitudinal extraction drift suffices for shrinkage stoping
in a vein of moderate width, whereas with cut-and-fill stoping an
additional hanging-wall drift may be desirable for the introduction
of fill if the dip of the vein is flat. Shrinkage stopes usually require
a series of closely spaced chutes along the haulage drifts, whereas
chutes for cut-and-fill stopes may be spaced considerably farther
apart; a series of raises from the stope often is essential for introduc
tion of filling in cut-and-fill and square-set stopes, whereas only an
oceasional raise for ventilation, access to the stope, and lowering
equipment and supplies is needed for shrinkage stopes.

Sublevel caving, sublevel stoping, and top slicing require consider
able sublevel and raise development, the amount depending to some
extent on the details of stoping practice as well as on the size, shape,
and dip of the ore body.

The haulage-level interval and stoping method are related, although
the level interval may be controlled principally by the degree of
continuity of the ore bodies and the requirements for exploratory
workings. If the levels are close together the available stoping
height obviously is reduced, and if stopes are silled above the level
on drift pillars and a floor pillar is left also under the level above, the
actual stoping height will be very small. On the other hand, a short
level interval may permit the use of a less expensive stoping method.
Thus, shrinkage stoping might be used with a short interval, whereas
under the same conditions a long level interval might require use of
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cut-and-fill stoping or square-set stoping because, with the short
interval, the stope could be completed quickly before serious slough
ing begins, whereas with a long interval sloughing and perhaps col
lapse of the stope might take place before a shrinkage stope could be
carried through to the level above and the ore drawn out.

Development for top slicing and sublevel caving varies with the
method of handling ore in the slices and the arrangement of the slice
drifts, and variations in details of sublevel caving practice affect the
n~nlber of haulage drifts and crosscuts, main passes, and branch
raIses.

HAULAGE AND HOISTING

Up to a certain point, concentration of stoping operations within
a comparatively snlall area makes for economy in operation, but if
carried to extremes the haulageways may become congested. Some
methods, such as forced caving, block caving, and sublevel stoping,
make possible a high rate of output from individual stopes. Often
entire trains can be loaded from one chute or one stope, whereas with
other mining methods where output from individual stopes is more
restricted haulage costs may be increased considerably by the neces
sity for switching and moving from one stope to another to fill a train
of cars.

When tramming distances are short and only a small tonnage is
available from each chute or stope, hand tramming actually may be
cheaper than locomotive haulage; but where hauls are long and large
tonnages are drawn from each stope, mechanical haulage is most
economical. With some methods, ore must be drawn frequently but
in small amounts from each chute, as in shrinkage stoping while the
stope is advancing; even when the stope has been completed and dur
ing final drawing it may be necessary to draw the ore, a little at a time,
to permit scaling or trimming of the walls, cleaning broken ore from
flat spots in the footwall, and timbering. Unless a transfer drift with
scraper or cars is employed, it is necessary to draw frequently from
chutes in top slicing and sublevel caving when slicing approaches the
level, so as to keep them empty and avoid retarding the work of the
miners in the slices.

Where filling must be obtained from sources outside the stopes,
it may be necessary to layout the haulageways with a view to avoid
ing interference with hauling of ore. If the stoping method requires
the use of large quantities of timber, special timber shafts or a special
compartment in the main shaft to accommodate a large cage may
have to be provided.

HEALTH AND SAFETY

The chief single cause of serious accidents in underground mines
has been falls of ground. This type of accident can be prevented
only if the stoping method is such that adequate support and protec
tion can be provided. Safe practices, education of the miners, and
safety rules and regulations are essential, of course, but these avail
little if the stoping Inethod is unsuited to the ground.

The health of lniners depends, among other things, on maintenance
of conlfortable temperatures in the working places, elimination of dust,
and the supplying of plenty of fresh air, for all of which good ventila
tion of the working places is necessary. Adequate ventilation is more
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difficult of achievement with some stoping methods than with others,
but with modern equipment and proper attention it can be maintained
with any of them. Large open stopes are easily ventilated; shrinkage,
cut-and-fill, and square-set stopes require enough openings at top or
bottom, or both, to insure circulation, and in addition fans may be
required. Slices in top-slicing and sublevel-caving operations prob
ably are the most difficult to ventilate, and it often is necessary to
supply each working face independently with fresh air by means of
injectors, blowers, or fans.

DIRECT COST OF UNDERGROUND MINING

Costs of exploration, development, haulage and hoisting, and stoping
have been discussed separately in the preceding pages. Tables 40 and
41 present data on total direct mining costs. In table 40 costs are
distributed between exploration and development, stoping, haulage
and hoisting, pumping, general underground expense, and general sur
face expense applicable to mining. In table 41, the distribution is
made as between labor and supervision, compressed air, rock drills
and drill steel, power, explosives, timber, and other supplies.

The tabulated costs cover all underground operations, proportion
of surface expense directly applicable to mining, mine office, engineer
ing, sampling and assaying, and supervision. They do not include
taxes, depreciation, depletion, interest, marketing, and home office
expense, which in the aggregate are ordinarily about 25 percent and
may be as much as 50 percent or nlore of the direct cost.

Although most of the data are taken from figures prepared in accord
ance with the Bureau of Mines outline for mining-method reports it is
realized that, due to differences in accounting practices at different
mines and because different authors prepared the figures, they are not
strictly comparable. Thus, if costs were compiled in strict accordance
with the outline, the power for compressing air would be included
under the columll "Compressed air, drills, and steel," and only other
power under the column "Power." It is obvious in the tables that for
many of the mines power for air compression has been included under
"Power." However, it is believed that the data here given are useful
as a basis upon which to estimate probable direct mining costs at a
new mine, and, together with cost data presented in previous tables,
should be helpful to the mine superintendent in analyzing his own costs.

141609°--39----21



TABLE 40.-Total direct mining costs at underground mines ~
~
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Base wage rate Direct mining costs per ton of ore mined 1

Mine and year Principal stoping method Rate of output per
month or year, tons Miners

(ma
chine
men)

Explora
tion and

Muckers I develop-
ment

Stoping

Haulage
and

hoist
ing

Pump
ing

General
under
ground

General
surface 2

Total

~
t;j
H
>
~

~
~
~o
I-d
~
>o
H
H
o
t;j

1. 918
3.792
3.140
3. 9415

2.600
3.866
3.866
5.490

(?)

.138

.150
(?)

.070

.033

.498
(11)

(?)
.790

(11)
.230

(?)

.085

.375

.210

.190

.399

.816

.467
1. 140
.580

2.036
2.050
2.743

1. 276
1. 395
1. 972
1. 970

13 1. 661

1.283
1. 381 I

.650

.907

.383
1. 165
1.427
1. 00
(?)

3.50
4.00
5.25
3.60
5.06

3.20
3.50
6.00
4.75

4.00
4.25
6.00
5.25

-----~'------:-~-----

4 $2.88 4 $2. 56 $0.103 , $0.416 $0.705 $0.026__________ $1. 250
4.25 5 3.50 .049 .532 .217 $0.187 .985
4. 25 3. 50 . 508 . 200 . 165 $0. 120 . 993
4. 25 3. 50 . 480 . 165 . 162 . 194 1. 001
3. 50 3. 00-3. 25 . 540 . 155 . 036 I .021 . 033 . 785

4. 75 4. 00 . 000 I .544 . 217 . 069 . 032 . 862
4.25 3.75 .000 . 516 . 196 .049 .021. 782
4.75 4.00 .000 .572 . 152 .063 .041.828
5. 05 I 5. 00 . 045 . 483 . 222 . 031 I . 105 ? 886
Contract 1 • 218 .770 .244 .180 ? 1. 412

6 3.92 I 6 3.60 8.229 .332 .386 . 145 .043 1. 135
77.17 74.97 I

Contract .251.417.149 .193 .066 1. 076
Contract .211.467.173 .052 .027.930

5.50 I 5.00 9.377 1. 072 .131 .218 .147 1. 945
3.76 3.36 10. 103 1. 211 .271 . 143 .050 1. 778
Contract .053.222.278 .086 (?). 639

(?) I (?) (?) . 343 . 187 (?) I (?) (?) (?)

Contract .202.337.105.002.060.143.849
Contract .355.784.475 .154 .060 1. 828
Contract .302.391.246 .076 .015 1. 030

(?) I (?) . 200 1. 350 . 240 . 090 . 080 1. 960
4.00 3.00 1. 065 2. 276 .533 (11) I (11) . 127 4.001

5.04-5.54 4.24-4.74 1. 163 2. 765 .974 . 111 (?) 5.013
(?) (?) .926 1. 571 .269 .312 . 160 3.238

I
.052

(1~i05-1
.404
.340

(?) I
.520

.111

692,726, year _
11,460, month _
9,730, month _
132,384, yeaL --I

182,140, average per
year.

11,335, month _
10,000 month _
30,000 month _
168,089, yeaL _
420,000,year _
473,292, yeaL _

28,515, year _
3.250 per month _
3,800, month _
40,924, year 12 _

51,208, year __ ,- -14.00-4.50
42,000, year 4.50-5.00
43,806, year____________ 5.75
7,220,1 month 4.10-5.00
10,000 per month______ 5.69

120,000 yeaL _
200,000 yeaL _
4,814, month _
703,924, 1 year _
52,860, month _
(?) - - ------------------

53,500,1 month _
108,519, yeac _
74,000, year _
4,875, month _
54,524, year. _
3,104,1 month _
65,764, year 1

Mineville, N. Y., 1927.1 Open stoping with pillars _
Tri-State No.1, 1928 do _
Tri-State No.2, 1928 do _
Tri-State No.3, 1927 do _
Waco, Mo., 1927-28 do _

Barr, Kans., 1929 do _
Hartley-Grantham, Kans., 1929 do _
Hartley, Kans., 1932 do _
No.8, SE. Missouri, 1928 do _
Marquette No. 1, Mich., 1928 3 do _
Burra-Burra, Tenn., 1928 Sublevel stoping _

Marquette No.2, Mich., 1928 3 do _
Menominee No. 1, :rvIich., 1928 do _
Spring Hill, Mont., 1929-30____ Modified sublevel stoping _
Mt. Isa, Queensland, 1935-36 __ Sublevelstoping _
Mascot, 'I'enn., 1929 Open stoping with pillars _
Hanover, N. Mex., Bessemer, Open stoping, underhand

1930.3 benches.
EI Potosi, Mexico, 1933 do _
Mary, Tenn., 1928____________ do _
Isabella, 'renn., 1928 do _
Vanadium, Colo., 193L Openstoping, with pillars _
Presidio, Tex., 1929____________ ___ do _
Granada, Quebec, 1932_ _______ Open stoping, overhand _
Teziutlan, Mexieo, 193L Open stoping and cut-and-

fill stoping.
Grand Republic, Colo., 1935 __ Open stoping _
Summitville, Colo., 1937 Openstoping and shrinkage __
Harmony, Idaho, 1929 Shrinkage _
Nevada-Massachusetts, Nev., do _

1928.
Hillside, Ill., 1929 Shrinkage, some square-set-_
Daisy, Ill., 1929_______________ Shrinkage and stulled stopes
Cortez, Nev., 1929 Shrinkage _
Eighty-Five, N. Mex., 1930 do _
Verde Central, Ariz., 1929- do _

1930.
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Base wage rate Direct mining costs per ton of ore mined

Mine and year Principal stoping method Rate of output per
month or year, tons Miners

(ma
chine
men)

Explora-
Muckers I tion and I Stoping

develop-
ment

Haulage
and

hoist
ing

Pump
ing

General
under
ground

General
surface Total

------------1- ' 1 1 1 1 '· 1 , _

~
trj
H

~
~
~
~
Q

hj

~o
H
H
o
trj

$3.297

4.245
7.745

2.441

1. 478

2.196

5.497
3.073
3.413

2.973
3.990
6.99
3.250
3.991
4.290

26 3.897

3.454

3.820
4.662
9.484

3.691

4.450
7.400
1. 768

3.870
.6766
.583
.3994

.160

.

1619

1
.008
.0198

.095

.127
(11)

.291

.738

.195

.055

.160

.543
1. 888

28.018

.420
2.010

I
.356

I

.220

.06
0.159

'~51
.604

$0.360

.204
(11) I (11)

.233

.242

.115

.130

.134

.175

.0573

.012

.0570
I

$0.227

.698

.
309

1

.278

.083

.122

1. 166
.660

.201 I

.025
.080

(11) I
.577

.
039

1

.996
I

I
.180
.583
.322

.099

.750
.540 I

31.212
I

.393

.628
(11)
.242
.519
.508

.381

.308

.160

.282
1. 158

.761

.590

.660

.134

.452

.1106

.144

.0863

$0.322

.530
1. 848

.166

.202

.108

.616

.135

.747

$1. 750

2.371
3.502

1. 203

.894

1. 529

2.849
1. 489
1. 225

1. 442
1. 762
3.78
2.577
2.439
1. 959

2.272

2.476

2.150
2.426
4.973

{
1. 793
27.440

30 2.320
3.230
1. 131

1. 672
.3468
.208
.1363

.322

.736

.655
1. 010

$0.638

.442
2.086

.561

.057

4.13
4.24
4.75

$3. 75 I $3. 25
plus bonus

5.00 I 4.50
4.50 4.25

Contract

Contract

43,713, per month, av
erage.

23,700 per month . __

Hecla, Idaho, 1928 I Stringer-set-and-filL I 312,942, year _

276,890, year _
180,208, year _

Morning, Idaho, 1928 do _
Silver King Coalition, Utah, Stringer-set-and-fill, and

1929. square set.
Colorada, Mexico, 1929 Cut-and-fill, square set, and

shrinkage.
Oapote, Mexico, 1929 Undercut caving, top slicing,

cut-and-fill.
Veta Grande, Mexico, 1929 s~~d-~ll~et, top slice, cut- 7,100permonth 1 Contract

Magma, Ariz., 1928 Cut-and-fillandsquareseL 263,094, year 1 4.951
McIntyre, Ontario, 1931. Cut-and-fill and shrinkage 557,104, year___________ 4.80
Park City Consolidated, Cut-and-fill and open stulIed 6,219 per month, aver-j 5.25 I

Utah, 1935. stopes. age.
Hollinger, Ont., 1934 out-and-fill, shrinkage 1,900,490, year_________ 4.80 4.24 .798
Ground Hog, N. Mex., 1930---, out-and-fill and square seL __ 3,715, permonth 4.25-5.00 13.35-4.00 1.393
Golden Anchor, Idaho, 1937 __ Resuing 9,547, year_____________ 5.50 5.00 3.150
Atlanta, Idaho, 1934 out-and-fill, squareseL 6,174,1 month_________ 5.00 4.50 .272
Argonaut, Calif., 1929 Square set 7,800,1 month_________ 4.50 4.00 .165
United Verde Extension, do 275,212, year__________ (?) (?) .611

Ariz., 1928.
Bunker Hill & Sullivan, _. do 452,345, year___________ (?) (?) .053

Idaho, 1928.
Bunker Hill & Sullivan, i do 460,366, year___________ (?) (?) .066

p:~e~hI~a~~:i928-_. . 1_ - - - _do --____ 90,460, year____ _ _ (?) (?) 1. 170
Park-Utah, Utah, 1928 i Square set, cut-and-fiIL 192,250, year

1

5.25 4.75 .828
Tintic ~tandard, Utah, 1929 -I Square <;:et. 8,758, ~ month_________ 4.75 4.25 1.143
Bawdwln, Burma___ - .do. 14,643 Bonus system .580

Gold Hill, Idaho, 1936 do 3,579,1 month ,1 4.50 I 4.00 29.370
Eureka Standard, Utah, 1933_ - __ .do 3,737,1 month_________ 3.50 3.00 .960
Victoria, British Columbia, do 133,195, year.__________ Bonus system .131

D~;~~~ Consolidated, 1936 do 43,180, yea!. ----------1---------- 1. 390
Ray,.Ar~z., 192~---------------1 Block caving 3,243,159, year 1 Contractandbonu8
InspIratIOn, ArIz., 1928 do .__ __ 4,879,646, year_ ____ Contract system .211
Miami, Ariz., 1925-1929 .do 4,139,000 per year I $5.~6n+co~tr~~~~ent 32.1000
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14.433 1. 557 .443 .202 .435 3.070
2.870 1. 620 1. 610 .140 .520 6.760
1.290 1. 610 .416 .440 .257 4.013
.728 1. 275 .629 .148 (11) 2.780
.202 2.923 2.301 .842 .028 6.296
.479 .760 .438 (11) 1. 677
.237 .897 15.229 .059 .010 1. 432
.104 16.632 .459 .111 .113 1. 419

.651 17 .435 17.347 .440 18.224 2.097

.750 1.154 .245 .205 -------- -
19 2.354

.061 .122 .114

:: -:::::::I::::::::::
-------- -- .297

. 053 I~ .366 } .137 .79320.237

.080 .235 .060 .069 .070 .514
225.635 225.951 22 2. 143 223.442 2217.171

24 .865 24 914 24.329 24 .529 222.637
3.100 6.313 1. 617 .320 I (11) (ll) 11. 350
.711 1. 267 .388 .184 .019 2.569

.926 1.571 2.69 .312 .160 3.238
1. 005 2.278 .663 .423 .010 4.379

.399 1. 370 .370 .250 .211 2.600

.518 2.923 .275

.

052

1

.635 4.403

.489 1. 162 .552 .133
.
074

1
.112 25 2.522

14 Oost of sinking large deep shaft not included.
15 About 35 percent of ore broken left in stapes, that is, tonnage broken was about 50

percent more than tons hoisted.
16 Includes stope development, $0.298.
17 Redistributed from original data allocating half of "mucking and tramming" to

"haulage and hoisting."
18 Includes haulage to mill, $0.1125.
19 25 percent more ore broken than was hoisted.
20 Stope preparation.
21 Tons of sorted ore; 6.51 tons broken per ton of sorted ore.
22 Per ton of sorted ore.
23 Total tons broken.
H Per ton of ore broken.
26 Per ton of sorted are; 40 percent of tonnage broken sorted out in stopes as waste.

65,764, year _
194,000 per year, aver

age.
696,994 hoisted; 835,

036 broken.
8,230 per month, aver

age.
38,700 per month, av

erage.

Forced caving 1 3,670,910, year _Alaska-Juneau, Alaska, 1928

United Eastern, Ariz., 1917-25_1 do _

Teck-Hughes, Ontario, 1928 do______________ 29,810,1 month I 4.75 4.25
Kirkland Lake, Ont., 1928 do_________________ _ _ 4,108,1 month i 4.75 4.25
Elkoro, Nev., 1930 Shrinkage and cut-and-filL 57,539, year_ (?) (?)
Vipond, Ont., 1929-30 Shrinkage 104,381, year_ 4.80 4.24
PorcupineUnited,Ont.,1929-30 do 600 per month average_ 4.80 4.24
Engels, CatiL, 1928 do 303,301, year___________ 5.00 4.50
Marquette, Mich., No.4, 1929 3_ Semishrinkage_______________ 117,224, year ______ __ __ Contract
Mt. Hope, N. J., 1930 3 Shrinkage 176,474. yeac 4.68-6.65\4.68 plus

(contract) bonus
Eustis, Quebef', 1934 - __ do -___ 71,709, yeac ---- (?) (?)
H{)g Mountain, Ala .. 1935-36 do -- 3,400, per month Ig____ 3.25 2.50

(9 hours)
5.50 I 5.00
plus bonus.

Beatson, Alaska, 1922-1926 do________________________ 336,400 per year- _-- 4.50-5.40 14.00-4.75

Britannia East Bluff, B. C.,
1934? do_______________________ _ 398.644, year_________ __ Bonus system

Cold Springs, Colo., 193L Resuing(cutandfllIL {141 permonth 2\3--___ 4.00 I 4.00
9,154 perrnonth ----- ------- -I --------

Lucky Tiger, Mexico, 1924 do 6,080,1 month_________ Contract
Matahambre, Cuba, 1928_ ____ Cut-and-fiIL _ _______________ 364,746, year _____ ___ 2. 50 I 2.00

or contract
(?) I (?)

4.50 3.50

Contract

(?) I (?)

Contract
I

Teziutlan, N. Mex., 193G-3L __ 1 Out-and-fillandopenstoping_
Pecos, N. Mex., 1927-29 Out-and-fill, shrinkage,

square set.
PHares, Mexico, 1929 Cut-and-fiIL

1

Ohampion, Mich., 1930 1' Out-and-fill (sublevel, in-
clined).

1 Per ton of ore taken out of mine unless otherwise noted.
2 Portion of surface expense chargeable to mining operations.
2 Oosts given per long ton (2,240 pounds).
4 Oontract earnings considerably higher.
6 Trammers (muckers on contract).
6 Company rate.
7 Average earnings on contract.
8 Abnormal development.
g Less than average development.
10 Oapital development plus development redemption $0.10 additional.
11 Distributed over other costs.
12 About 15,000 tons more are broken but not trammed and hoisted.
13 Includes all development in ore body after stoping has begun but not major develop

ment and prospecting work

CJ,.j
I--l
CJ,.j



Braden, Ohile, 1928 do 5,174,017, year_ __ __ __ __ Mostly contract
Eureka-Asteroid, Mich., 1929_ Sublevel caving 401,680, year 3_________ Mostly contract
Montreal, Wis., 1928 do______________________ __ 450,000, year 3_ _ _ __ _ Mostly contract
Mesabi No.1, Minn., 1928 Top slicing 209,300, year 3_________ Mostly contract
Marquette No.5, Mich., 1929 do 555,919 year 3__________ Mostly contract
Marquette No.2, Mich., 1928__ - do 240,000, year 3_ _ _ Mostly contract

~~~i.Ul:fz.~~~6~~:~:~~~::: :::::~~:::::::::::::::::::::::_~:~~ ~~~ ~o~t_h ~: :: $5._75 _1 $5.25_

(33)
.317
.254

.052

.251
1. 338
.140

34.2793
36.677
38.584

.729

.739

.707
4.199
.550

.0489 __________ 1 .0778 36.4060

.408 .135 (37) 1. 537

.344 39.087 1__________ .070 1. 339

.128 .250 .058 1. 165

.210 .090 .004 1. 095

.149 .193 .066 1.366

.551 1. 090 .652 7.830

.095 .065 .030 .880

3 Long tons of 2,240 pounds.
11 Distributed over other costs.
26 Total same as in original summary; costs redistributed from detail cost figures.
27 Repairs and maintenance.
28 Loading on railway cars.
29 Exploration only.
30 Includes development.
31 Includes hoisting.
32 Includes $0.0299 preparatory work above grizzly level.

33 Included with stoping.
3' Includes undercutting, hand tramming, and development.
35 $0.0777 in addition chargeable to head office, etc.
35 Long tons.
33 Includes $0.279 general timbering.
37 Included in other items.
38 Includes $0.224 general tinlbering.
ag Pumping, ventilation, and miscellaneous.
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TABLE 41.-Total direct mining costs at underground mines ~
~

~

Base wage rate Direct mining cost per ton of ore mined 1

~
t;j
f-3

~
~
~
~
Q

hj
~
>o
f-3
~

o
t;j

$1. 250
.985
.993

1. 001
.785

.861

.782

.886
1. 412

1.135

1.076
.930

1. 945
81.778

.639

.706
9.143
1. 828
1. 030
1. 960
4.001
5.014
3.238

2.411

1. 918
3.792
3.140
3.945

2.600

3.866
3.866

.116

.051

.091

.109

.118

.154

.039

.067

.139

.062

.071

.070

.103

.120

.177

.142

.343

.219

.102

.270

.360

.484

.111

.205

.290

$0.110
.083
.070
.032
.068

.060

.025

.059

.175

.013

.119

.230

.182

.082

.120

.090

$0.013

.024

.045

.019

.010

.045

.103

.107

.072

.136

.126

.068

.129

.267

.234

.060

.082

.142

.111

.240

.294
1. 024

.335

.315

.288

.399

.360

.455

.301

.370

.495

.048

.037

.053

.108

.035

.141

.070

.003

.117

.016

.148

.216

.051

.150

.049

.076

.086

.085

.126

.220

.301

.138

.140

.116

.066 I

.052

(6)
.153

.088

.077

.111

.183

.197

.047

.035

.231

.090

.100

.597

.730

.387

.197

.050
1. 062

.300

.125

.144

.352

.430

.529

.535

.670

.893

.744

.591

.562
1. 415
1. 046
.454

.357

1. 169
.675

1. 290
2.859
2.983
1. 912

1. 595

1. 3,52
1. 942
1. 670
2.398

1. 824

2.679
2.445

4.25

3.20
3.50
6.00
4.75

4.00
3.75

3.50
I

4.00 I
5.25

4.50

4.00
4.25
6.00
5.25

4.75
4.2.5

3 $2. 8~ I 3 $2. 56
4.25: 4:3. 50
4.25 43.50
4.25 43.50
3.50 3.00-3. 251

Rate of output, per
month or year, tonsPrincipal stoping method

-----------1-------- --------- --- ----- -------------
Labor Com- I I I

. and pressed Explo- r' Other
MIners IM uekers super- Iair drills I Power I sives I flmber I supplies I Total

1________ 1 -- - I ----J-----I _~~o~J~~~t~~-I----J----
$0. 7551 $0. 1551' $0.087 $0. 14.3

· 624 . 127 . 041 . 110
.576 .114 .076 .157
· 675 . 075 . 102 . 117
· 536 . 109 . 072

Mine and year

Sh~inkage, some square se.t-j51,208, year j4. 00-4.50
tmg.

Daisy, Ill., 1929 -1 Shrinkageandstulledstopes __
j

42,000, year 4.50-5.00
Cortez, Nev., 1929 1 Shrinkage 0 • 43,806, year____ __ 5.75

Mineville, N. Y., 1927 Open stoping with pillars 692,72(),2 yeaL _
Tri-State No.1, 1928 do_ ___ 11,4flO, month _
Tri-State No.2, 1928 do 9,730, month _
Tri-State No.3, 1927 do 132,384, year _
Waco, Mo., 1927-28 do 0________ 182,140, average per

year.
Barr, Kans., 1929 do .. 11,335, month _
Hartley-Grantham, Kans., do .. ._ 10.000 per month _

1929.
No.8, Southeast Missouri, 1928 do______ __ _ 168,089, year_____ __ 5.05 I 05.00
Marquette No.1, Mich., 1928 do__ __ __ ___ __ 420,000,2 year - _ Contract system

Burra-Burra, Tenn.,1928 -- Sublevel stoping_ - - - - -------- 473,292, year----- ----- - { : ;: i~ I :l: g~
Mar<-!uetteNo.2,Mich., 1928 <10 120,OOO,2year Contract system
Menominee No.1, Mich., 1928. do . 200,000,2 yeac_________ Contract system
Spring Hill, l\IIont., 1929-30_ ___ Mo<.li~ed sUhl.evel stoping -- _-- 4,814 per month _______ s. ~o I 5.00
Mt.Isa,Queensland,1935-36 __ Suble\elstopmg 703,924,lyeac________ 3./6 3.3fJ
Mascot, Tenn., 1929_ __ Open stoping with pillars_____ 52,8fJO per month_ Contract system
El Potosi, Mexico, 1933________ Open stoping with under- }53500 1 month Contr'lct system

hand benches. "" -------- ( ..
Mary, Tenn., 1928 <10_ ___ 108,519, yeac________ __ Contract system
Isabella, Tenn., 1928 do________________ _ 74,000, year_____ _ Contract system
Vanadium, Colo., 193L Open stoping with pillars __ -- 4,87fi, per month --- ('?) I (7)
Presidio, Tex., 1929 do _______ ____ __ __ _____ __ 54,.524, year ___ ________ 4.00 3.00
Granada, Quebec, 1932 Open stoping, overhand 3,104,1 month 5.04-5.54 4.24-4.74
Teziutlan, Mexico, 193L Openstopingandcut-and-fill 65,764, year____________ (7) (7)

stoping.
Golden Messenger, Mont., Open stoping, overhand and 3,750,1 month _

1936. underhand.
Grand Republic, Colo., 1935 Open stoping 28,515, year _
Summitville, Colo., 1937_____ __ Open stoping and shrinkage_ _ 3,250, per month _
Harmony, Idaho, 1929 Shrinkage 3,800 per month _
Nevada-Massachusetts, Nev., do 40,924, year 10 _

1928.
Hillside, Ill., 1929 _



9 General surface expense.
10 About 15,000 tons more ore broken than was hoisted.
11 Development work not included.
12 Development.
13 On contract.
Ii All supplies and miscellaneous items.
16 Distribution estimated by authors from original data.

o
H
~
t:rJ
o

.H
o
o
U2
H

o
t-:I:j

q
~o
t:rJ
~
Q
~o
q
~o
~
H

~

~
Q

11.27011.28011 1.100(5)

1. 098 .189 .267 .032 .091 1. 677
.862 .179 .039 .148 .014 .190 1. 432
.672 .227 .165 .141 .027 .187 1. 419

1. 251 (6) .095 ---------- ---------- 1( 751 2.097
.1803 (6) .0089 .0594 - - - - - - ~ - -- .0480 .2966

.3470 .1187 ---------- .1402 ---------- .1871 .793

.267 .019 .035 .119 .031 .043 .514

11 2.470
{

11 4'490
11. 370 I ~l,OOO_

5.490
2.021 . 152 .284 .407 .047 . 159 3.070
4.160 .610 .390 .850 .450 .300 6.760

{

11 1. 762 11.048 11. 139 11. 107 11. 164 11.390 11 2.610
12.834 12. 129 12.025 12.227 12.044 12. 144 12 1. 403

--------------------------
2.596 .177 .164 .334 .208 .534 4.013
1. 703 .378 .091 .331 .046 .231 2. 780
3. 971 . 769 . 899 . 330 . 120 . 207 6. 296

4.24
4.24

4.25
4.25

3.60

4.80
4.80

4.75
4.75

7,220,1 month J4. 10-5.00

I

5.00 I 4.50 I
Contract

13 4. 68- I 4. 68
6. 6~ plus bonus

5.50 I 5.00
plus bonus

336,400 per year /4. 50-5.40 14.00-4.75
398,664, year___________ Bonus system

Elkoro, Nev., 1930 1 Shrinkage and cut-and-filL 1 57,539, yeaL _

T~ck-Hughes, Ont., 19;8------I-----do------------------------129'81O' 1 month _
KIrkland Lake, Ont., 930 do 4,108,1 month _

Eustis, Que., 1934 1_ -- __ do ;- __ ----------------1 71,709, year---- --------
Alaska-Juneau, Alaska, 1928 __ Forced cavlng 3,670,910, year _

Beatson, Alaska, 1922-26 15 j dO _
Britannia East Bluff, British __ - __ do _

Columbia, 1934?

1 Per ton of ore taken out of the mine, unless otherwise noted.
2 Long tons of 2,240 pounds.
3 Contract earnings considerably higher.
4 Trammers; muckers on contract.
6 Included in other items.
6 Company rate.
r Average earnings on contract.
S Capital development plus development redemption $0.10 additional.

Eighty-Five, N. Mex., 1930
I

u.v 1

Vipond, Ont., 1929-30 Shrinkage 104,381, year _
Porcupine-United, Ont., 1929- do .. 600 per month ..

30.
Engels, Calif., 1928 do 303,301, yeaL .
Marquette No.4., Mich., 1929_ Semishrinkage_ __ 117,224, year 2 _

Mt. Hope, N. J., 1930 Shrinkage____________________ 176,474 year

~
~

-...:T



TABLE 41.-Total direct mining costs at underground mines-Continued ~
~

00
Base wage rate Dire ct mining cost per ton of ore mined 11-------------------------

Mine Bnd year Principal stoping method Rate of output, per Labor Oom-month or year, tons
and pressed I I Explo- i' I Other I IMiners Muckers super- air drills Power siyes TImber supplies Tota

vision and steel

_$4._ 00 l~;~~
------\----- ----1----- ---------- -----

Cold Springs, 0010., 1931. _____ Resuing (cut-and-fill) ________ {~:t5~~e~~~~t~18~ 17 $10.826 17 $1. 555 17 $1. 848 P $.806 17 $1.172 17 $0.965 17 $17.172
19 1. 663 19.239 19.284 19. 124 a.179 10.148 19 2.637

Lucky Tiger, Mexico, 1924____ Mostly resuing_______________ 6,080, one month _______ Oontract 6.837 1. 200 .711 .909 .956 .737 17 11. 350
Matahambre, Cuba, 1928 _____ Cut-and-fill and some square 364,746, yeac __________ 2.50 2.00 1. 588 .161 .087 .200 .269 .264 2.569

set. or contract or contract ~Teziutlan, Mexico, 1930-31. ___ Cut-and-fill and some open 65,764, year____________ ? ? 1. 912 .387 .086 .335 .175 .343 3.238 t;jstoping. f-3Pecos, N. Mex., 1929 only_____ Cut - and - fill, shrinkage, 217,121 ________________ 4.50 3.50 3.308 .141 .091 .259 .422 .677 4.898
~square set.

PHares, Mexico, 1929__________ Out-and-fill __________________ 696,994, 20 835,036, 21 Oontract 1. 593 .231 .055 .232 .319 .170 2.600 I

year. I ~
United Eastern, Ariz., 1917-25_ _____ do _________________________ 8,230 per month _______ (?) (?) 2.628 .208 .289 .513 .462 .303 4.403 H
Champion, Mich., 1930_______ Sublevel inclined cut-and-fill 38,700 per month _ ____ Contract 1. 751 .197 .192 .172 .109 .101 2.522 ~

Hr2.869 ~Hecla, Idaho, 1928____________ Stringer-set-and-filL __________ 312,942, year ___________ 3.751 3.25 1. 868 .070 22.145 .112 .357 .317 24.428 '41
plus bonus plus bonus

3.297 ~Morning, Idaho, 1928_________ _____ do ________________________ 276,890, year___________ 5.00 I 4.50 3.088 .122 .211 .158 .417 .249 4.245 ~Silver King Ooalition, Utah, Stringer - set - and - fill and 180,208, year__________ 4.50 4.25 5.418 .854 .370 .486 .340 .277 7.745 >1929. square set. aColorada, Mexico, 1929________ Out-and-fill, square set, and 43,713, per month ______ Oontract 1. 273 .235 .070 .278 .257 .328 2.441 f-3
shrinkage. I H

aCapote, Mexico, 1929__________ Undercut caving, top slice, 23,700, per month _____ Oontract .657 .111 .194 .108 .181 .227 1. 478 t;jcut-and-fill. I
Veta Grande, Mexico, 1929 ____ Square set, top slice, cut-and- 7,100, per month ______ Oontract 1. 139 .157 .066 .175 .441 .218 2.19

fill.
5.25 !Park Oity Oonsolidated, Cut-and-fill and open stulled 6,219, per month ______ 4.75 2.581 .137 .219 .154 .253 .069 3.41

Utah, 1935. stopes.
Magma, Ariz., 1928___________ Out-and-fill and square set ___ 263,094, year___________ 4.95 4.13 3.654 .326 .197 .209 .532 .579 5.49McIntyre, Ont., 1931. ________ Out and fill and shrinkage ____ 557,104, year___________ 4.80 4.24 1.938 .052 ~2 • 176 .309 .240 .358 3.07Hollinger, Ont., 1934__________ _____ do ______________________ 1,900,490, year _________ 4.80 4.24 1. 898 .251 .062 .245 .193 .324 2.97
Ground Hog, N. Mex., 1930___ Out-and-fill and square seL __ 3,715, month ___________ 4.25-5.00 3.35--1. 00 2.793 .169 .179 .187 .318 .344 3.99
Golden Anchor, Idaho, 1937___ Resuing_______________ . ___ 9,547, year _____________ 5.50 5.00 24 5. 120 .580 .440 .110 .740 6.99Atlanta, Idaho, 1934__________ Out-and-fill, and square seL _ 6,174,1 month_________ 5.00 4.50 2.325 .163 .053 .345 .304 .060 3.25



320 METAL-MINING PRACTICE

For purposes of direct comparison it is regretted that the tabulated
figures do not show for each mine whether development was being
conducted at a normal, subnormal, or abnprmal rate. Normal rate
may be taken as that at wllich new ore is developed at approximately
theO/ mining rate, thus maintaining a constant ore reserve tonnage.
In most instances the ratio of tons of ore mined to tons broken is
not shown, and the figures fail to reveal the percentage of total rock
broken that was sorted out as waste. These factors, together with
variations in wage rates and unit costs of supplies,m_ay have consider
able influence on the costs in individual insta,nces. The production rate
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FIGURE 120.-Curves showing effect of production rate on total direct mining cost per ton.

also affects the direct unit costs, particularly tllose for punlping, trans
portation, general underground and surface charges, and supervision.

The rate of output ordinarily will have a greater effect on the
indirect or overhead costs per ton tllan on the direct costs. The
indirect charges usually are relatively inflexible and their amount
varies little, if any, with variations in production rate. Thus, doubling
production rate approximately halves the indirect costs per ton.

Figures 120, A, B, and C, illustrate the effect of production rate
upon direct mining cost per ton for open stoping, shrinkage stoping,
and cut-and-fill stoping. It is noted that there are two curves for
each method, indicating in general two cost ranges resulting from
marked differences in mining conditions, wage rates, amount of de
velopment work required, or variations in stoping methods. In
figure 120, A, the difference is due principally to the fact that at



Montreal, Wis., 1928 -I-----do----- 1 450,000, year 2 I Mostly contract

Mesabi No.1, Minn., 1928 1 Top Slicing 1209,300, year 2 1 Mostly contract
Marquette No.5, Mich., 1929 do 555,919, year 2_ _ _ Mostly contract
Marquette No.2, Mich., 1928 do 240,000 2_______________ Mostly contract

{¥~~i,{~:i~:,1~JI6~~~====== === :::::~~: ::::=:::::====::=:::::=_~~~~ ~~~n:'0~t_~=:==::: ~~: :~_I __ .. _$5. ~5

3,243,159, year---------IContract and bonus
4,879,646, year Contract and bonus
5,174,017, year_________ Mostly contract
401,680, year 2_ _ _ _ _ _ _ _ _ Mostly contract
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2.882 .013 26.296 .159 .338
.
303

1

3.991
1.934 .229 (6) .16'7 .321 1. 246 3.897

1. 875 .204 .113 .165 .331 .766 3.454

2.690 .280 .120 .240 .380 .110 3.820
3.062 .139 .191 .227 .493 .550 4.662
6.356 .770 .261 .224 . -913 .960 9.484
2.820 .410 .200 .110 .320 .590 4.450
4.390 (5) 1. 530 .350 .510 .620 7.400
1.004 .063 .108 1. 48 .170 .275 1.768

.3714 .0214 .0351 .0507 .0563 .1417 .6766

.414 .024 .014 .036 .084 .011 .5830

.1585 .0128 .0014 .0216 .0476 20.1641 .4060

.927 .134 .143 .128 .068 .137 1. 537
{ 1. 279

.808 I .091 .150 .093 .060 .077
2i.060

1.339

.710 I

.026 .092 .060 .144 .133 1.165
.633 .100 .057 .062 .082 .161 1.095
.781 .092 .141 .093 .105 .154 1.366

5.139 .342 .288 .370 1. 172 .519 7.830
.528 .045 .064 .065 .130 , .04g I .880

I

22 Includes air compression.
23 Development in waste not distributed.
14 Includes liability insurance, $0.21, and overhead (supervision, assaying, engineering

office, Social Security taxes), $0.62.
26 Includes power for air compression.
26 Includes $0.1398 general expense but not $0.0777 head office expenses.
27 Deferred rock development.

4.50
?

4.00
?

?

? ?
5.25 4.75
4.75 4.25
4.50 4.00
3.50 3.00

Bonus system

90,460, year _
192,250, year _
8,758,1 month _
3!,579, 1 month _
3,737, 1 month _
133,195, year _

6 Included in other items.
18 Tons of sorted ore.
17 Per ton of sorted ore.
18 Total tons broken.
10 Per ton broken.
so Tons hoisted.
SI Tons broken.

Argonaut, Calif., 1929 Square set 17.800, 1Illonth _
Bunker Hill & Sullivan, do 452,345, year _

Idaho, 1928.
Bunker Hill & Sullivan, .do 460,366

1
Idaho, 1931.

Page, Idaho, 1928 do _
Park-Utah, Utah Square set, cut-and-fiIL _
Tintic Standard, Utah, 1929__ Square seL _
Gold Bill, Idaho, 1936 do _
Eureka-Standard, Utah, 1933 do _
Victoria, British Columbia, do _

1934.
Ray, Ariz., 1928 Block caving _
Inspiration, Ariz., 1928 do _
Braden, Chile, 1928 do _
Eureka-Asteroid, Mich., 1929_ Sublevel caving _

~
t--l
~



DIRECT COST OF UNDERGROUND MINING 321

mines falling along the low-cost curve very little if any development
work is required. In figure 120, 0, the high-cost curve is due to three
different conditions-the highest costs are at mines employing resuing,
careful sorting in the stopes, and rejection of a large proportion of
the rock broken, followed by mines ,vith a higher production but in
heavy ground requiring use of the stringer set-and-fill method or con
siderable square-set timbering in conjunction with cut-and-fill stoping.

Using averages computed from data in Bureau of Mines information
circulars, Mears 55 has derived the following figures (table 42) showing
the effect of production rate upon direct mining costs.

TABLE 42.-Average direct cost of mining per ton of are (Mears)

~ ...... ~

Labor ""'ell Power Explosives Timber
00

....... ell 0
~~

<:)
~ ----- 00 0

~ '"'d"d 0
00

.~
ell~ <:)

~
ell
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~

0 'E ern ;..; 00 0
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p. ~""'O 00 ~ 00 ::= 00 CJ.) ~ 8
0 ::= 0'0 <:) 0 0 0 0 CJ.) ::= 0 CJ.)

0 ~ UJ 0 0 ~ 0 ~ 0 ~ w 8 ~

---------1---------- --- --- -- --- ---- -----------

25

Development $1.08 1.8 $0.06 $0.34 $0.25 1.4 $0.17 6.0 $0.15 ;2.05 28.5
Mining ._____ 2.78 5.3 .26 .41 $0.69 28 .38 2.1 .35 12.4 .23 5.10 71. 5

Total direct ~~~ ----:75~=~~~==~ Ti5 ==
Percent 54.0 4.5 10.5 9.6 8.8 7.3 5.3 ------

50 =:::::::==:::= ===== ====== ====== ====== ==== ====== =====~ =======: ==========

DevelopmenL $0.81 1.4 $0.05 $0.22 $0.20 1.1 $0.12 4.3 $0.12 $1.52 26.5
Mining_ 2.37 4.6 .23 .32 $0.48 23 .31 1. 7 .28 10.4 .23 4.22 73.5

Total direct 3:18~~~~ - ~~~==~ 5.74 ==
PercenL______________ 55.3 4.9 9.4 8.4 8.9 7.0 6.1 ------ -----_

100 = = ====== ====== ====== ==== ===== ===== ====== =======: ======

Development- ________ $0. 66 1. 1 $0. 04 $0. 15 $0. 16 . 9 $0. 08 3.0 $0. 10 $1. 19 24; 6
Mining 2.12 3.2 .20 .26 $0.35 19 .25 1.4 .24 9.2 .22 3.64 75.4

Total direcL 2":78-~~AI~~AI~~==~ 4.83 ==
PercenL 57.5 5.0 8.5 7.3 8.5 6.6 ------ ------ ------

200 ======== ===== ====== ===== ====== ==== ====== ===== ===== == ==== ====
Development $0.52 .85 $0.04 $0.10 $0.13 .7 $0.05 2.0 $0.08 $0.92 22.6
Mining_ 1. 90 3.05 .17 .21 $0.24 16 .20 1. 2 .21 8.0 .22 3.15 77.4

TotaldirecL ~~~~~~---:33~~--.-~ 4.07 ==
PercenL 59.5 5.1 7.6 5.9 8.1 6.4 .74 ------ ------

500 ======== ===== ===== ====== ====== ==== == ===== ==== ==== ==== ==== ==
Development $0.38 .6 $0.03 $0.06 $0.09 .5 $0.03 1.3 $0.06 $0.65 20.0
:M:ining_ 1. 62 3.0 .15 .14 $0.15 13 .15 1. 0 .17 6.4 .22 2.60 80.0

Total direct 2:00~~~~=~~~==~~==
PercenL 61.5 5.5 6.2 4.6 7.4 6.2 8.6 ------ ------

1,000 ======== ===== ====== ======= ======= ==== == ==== ==== ==== - ======

DevelopmenL ________ $0. 30 . 5 $0. 03 $0. 04 $0.07 . 5 $0. 02 1. 0 $0.05 $0. 51 18. 6
Mining_ 1. 38 2.7 .13 .11 $0.12 12 .13 .8 .14 6.5 .22 2.23 81.·1

Total direcL L68~~~ ---:l2 - ---:20~~~ --:27 2.74 ==
PercenL 61.3 5.8 5.5 4.4 7.3 5.8 9.9 ------ ------

These figures do not apply to any spe,cific mine or mining methods
and make no allowances for width and characteristics of the deposits.
Enough mines were included so that the averages should indicate
roughly the percentage of variation in costs with different rates of
output.

For the purpose of comparing results at different mines where wage
rates and supply costs differ considerably, costs expressed in terms of
man-hours of labor per ton and tons per ma.n-shift and in units of explo
sives, timber and power consumption are often more significant than
dollar costs. Table 43 gives costs on this basis.

55 Mears, Henry S., Average Cost Figures of Mining and Milling Ores: Min. Jour. (Phoenix, Ar,iz.),
Sept. 15, 1936, p. 8.



TABLE 43.-Total direct mining costs in units of labor, supplies, and power ~
~
~

Direct unit mining costs per ton of ore mined

Labor, man-hours

Power,
kw.-br.

Mine and year Principal stoping method Rate of output per
month or year, tons 1-----,-------,.-..---

. Other
Develop-I Stoplng I under-

ment only ground
Surface Total

Explo
sives,

pounds

All sup
----,-----1 plies

and
power,

Timber'l percent
board of total
feet dollar

cost

~-----I---I----I- I----I---~I--_I----I.---··-I-----

Mineville, N. Y., 1927_____________ Open, with pillars ______________ 692,726, year 1_________ 0.080 I 0.716 0.277 1. 073 0.937 10.91 None 39.60

f~!!~~~~~~~~--~~~~~:~~~ :~~ ~ ~~~~~~~ ~ ~ ~~ ~ ~~~~~~~~:~~~~~~~:~~-1~~j1~~~~~~_~: ~ ~:
0.784 .557 1. 341 .750 7.43 None 36.65
.642 0.234 --------- 2.876 1. 265 5.75 None 42.00

~.401 .435 0.069 .905 .875 4.17 None 35.31
.634 .407 :I 1. 041 .594 4.99 None 39.94 t;j

.502 .386 --------- 2.888 .805 6.09 None 44.5 ~
Hartley-Grantham, Kans., 1929________ do __________________________ 10,000 per month ______ .490 .255 .025 .770 .741 1. 89 None 36.2 >

~Hartley, Kans., 1932___________________ do_ _________________ _____ ___ 30,000, month__________ .460 .213 .040 .713 1. 120 4.25 None 39.0 I
No.8, Southeast Missouri, 1928________ do_ _________________________ 168,089, year- _________ .490 .385 2.875 .634 4.56 None

28:0- ~Mine X,Southeast Missouri, 1929______ do __________________________ 54,000 per month ______ .135 0.429 .263 2.827 .550 10.30 None 1-4
Marquette No.1, Mich., 1928__________ do __________________________ 420,000, year 1_________ .194 .703 .416 21.313 .901 11. 56 0.445 35.0 ~Burra-Burra, Tenn., 1928_________ Sublevel stoping ________________ 473,292, year- _________ .242 .606 .394 .074 1. 316 .755 7.92 . tHO 34.4 1-4
Menominee No.1, Mich., 1928_________ do __________________________ 200,000, year 1_________ .099 .402 .284 2.785 .825 11. 80 .0306 38.0 ~
Spring lIill, Mont., 1929-30_______ Modified sublevel stoping_______ 4,814 per month _______ .250 1. 081 .382 .191 1. 904 1. 262 10.43 .385 27.3 0
Mt. Isa, Queensland, 1935-36______ Sublevel stoping________________ 703,924,1 year _________ .225 .713 .774 .355 2.067 .960 19.52 1. 43 41. 2

~Mascot, Tenn., 1929______________ Open, with pillars ______________ 52,860 per month ______ 0.316 .515 2.831 .502 9.68
EI Potosi, Mexico, 1933___________ Open, underhand benches ______ 53,500,1 month ________ 1. 709 .937 2.646 .603 8.23 -.- -57:95

~Mary, Tenn., 1928_____________________ do __________________________ 108,519, year- _________ .305 1. 023 0.904 .633 2.865 .782 10.50 -- - - - - - -- 40.80 0Isabella, Tenn, 1928______________ _____ do __________________________ 74,000, year__ - _________ .225 .638 .381 21.244 .654 6.42 31. 10
~Vanadium, 0010., 1931. ___________ Open, with pillars_______________ 4,875, month __________ .130 1. 440 .300 21.870 1. 15 .75 40.00 1-4

Presidio, Tex., 1929_______________ . ____ do __________________________ 54,524, year. __________ .930 2.740 2.100 .448 6.218 2.00 23.70 26.68 0
Granada, Quebec, 1932____________ Open,overhand_________________ 3,104, 1 month ________ 1.210 1. 675 1. 651 24.536 5.887 35.4 2.48 43.7 tz:j
Teziutlan, Mexico, 193L __________ Open and cut-and-filL __________ 65,764, year___________ 1. 184 4.298 5.472 1.027 11. 981 1.469 62.14 7.997 30.6
Edwards, N. Y., 1930_____________ Open and some shrinkage________ 72,742, year ___________ .045 .832 .626 (4) 1. 503 ? 61. 09 47.0
Pilgrim, Ariz., 1937________________ Open with pillars_______________ 2,593,1 month _________ 1. 556 1. 418 (3) .540 3.514 ---io:i6- --------- ----46.80Harmony, Idaho, 1929____________ Shrinkage_______________________ 3,800, month __________ 1. 25 .61

--- -: 142-
21.86 2.05

Nevada - Massachusetts, Nev., _____ do ___ .. _______________________ 40,924, year 5__________ .501 I 1. 459 1. 091 3.193 1. 79 10.48 83.63 43.98
1928. 7.61

Hillside, Ill., 1929_________________ Shrinkage with some square seL 51,208, year___________ 1. 504 1. 226 - -- ------ 2 2.730 1. 800 10.4 71.50 30.00
Daisy, 111.,1929___________________ Shrinkage and stulled stopes ____ 42,000, year ____________

.8W I
1. 200 1.900 .178 4.178 2.50 24.7 ~ 6. 00 32.00

Cortez, Nev., 1929________________ Shrinkage_______________________ 43,806, ycar____________ 1. 136 1. 585 .641 23.362 3.30 31. 77 62.27 28.02
Teck-Hughes, Ontario, 1928_______ _____ do___________________________ 36,629,1 month________ .179 1. 517 .801 22.497 2.36 19.56 63.52 34.40
Kirkland Lake, Ontario, 1930_____ _____ do___________________________ 4,108, 1 month_________ 2.700 1. 450 2.680 26.830 4.72 84.60 64.23 38.00
Elkoro, Nev., 1930________________ Shrinkage and cut-and-fiIL ______ 57,539, year____________ 1. 017 1. 373 .909 .117 3.416 2.23 10.92 61.687

7.990



Vipond, Ontario, 1929-30__________ Shrinkage___________________ - _- - 1O!,381, year___________ .424 1. 176
~::: 1--- ~.-~~-

22.826 1. 78 28.00 6.42 43.34
7.70

Porcupine-United, Ontario,1929-30_ _____ do___________________________ 600 per month _________ .174 3.130 6.310 .926 91. 60 02.67 24.90
Engels, Calif., 1928________________ ___. _do________________ - - - _- - - - - - -- 303,301, year___________ .409 .59R .528 (3) 1. 535 1. 379 9.64 61.231 34.48

7.074
Marquette No.4, Mich., 1929_____ Semishrinkage. _________________ 117,224, year 1 _________. .206 .599 .380 .403 1. 588 1. 012 13.83 a.007 40.20
Mt. Hope, N. J., 1930_____________ Shrinkage_______________________ 176,474, year 1_____ ~ ___ .328 .115 .686 .076 1. 205 1.147 13.33 19.60
Black Butte, Oreg., 1929 ________ -_ _____ do ___________________________ 3,626, month __________ 0.862 .610 .241 1. 713 1.160 18.45 --------- ---------

Eustis, Quebec, 1934_______ . - - -- -- ____ .do_______________ - _____ - ___ -- 71,709, year____________ 2.725 .423 3.148 4.427 19.31 62.975 34.41
Alaska-Juneau, Alaska, 1928___ - -- Forced caving___________________ 3,670,910, year_________ .048 .086 0.132 .106 .372 .40 1. 61 19.17
Brittania East Bluff, British Co- _____ do___________________________ 398,664, year___________ .034 .165 .068 2.267 .76 6.59 6.65 44.40

lumbia. t:t
{6 4. 4

}
1-1

Cold Springs, Colo., 193L ___ - - _-_ Resuing (cut-and-fill) ___________ 141 per month 8_______ g2. 760 g5.690 g9. 540 --------- II 17.990 g4. 48 961.60 742.3 !;O
37.00 t;j

Do____________ - _- _____ - - - - - - -- _____ do_____________________ -_ ---- 911.4 per month 10 _____ 11.424 11.874 11 1. 464 112.762 11.688 119.46 { 6.68 0
76.50 r-3

Block P, Mont., 1929_____________ Cut-and-fill, resuing in thin ore__ 106,242, year 8_________ g.284 g3. 956 g1. 110 g.469 g5.819 g7.878 II 17.46 {6 3.96 } 27.3777.54 0
Matahambre, Cuba, 1928________ . Cut-and-fill, some square seL ___ 364,746, yeaL __________ 1. 000 2.280 1. 030 .037 4.347 1. 020 14.01 61.15 40.22 0
Teziutlan, Mexico, 1930-3L _______ Cut-and-fill, some open stopes___ 65,764, year____________ 1.184 4.298 5.472 1. 027 11. 981 1. 469 62.14 67.997 30.60 U2

Pecos, N. Mex., 1929______________ Cut-and-fill, shrinkage, square- 217,121 12 ______________ 1.174 3.071 1. 595 25.840 --------- --------- --------- --
8

set. 0
Champion, Mich., 1930___________ Sublevel-inclined, rut-and-fiIL __ 38,700 per month ______ .450 1. 490 1.100 .123 3.163 1. 300 21. 70 64.30 34.00 b:j
Morning, Idaho, 1928_____________ Stringer-set-and-filL _____________ 276,890, year___________ 2.837 1. 325 24.162 .964 39.37 612.75 27.50
Silver King Coalition, Utah, 1929_ Stringer-set-and-fill and square 180,208, year____ ~ ______ 1. 6891 3.771 2.595 8.055 3.607 77.70 d

set. ~Colorada, Mexico, 1929____________ Cut-and-fiIL ____________________ 43,713 average ________ . 2.665 :~g~ 1____~7~_ 4.359 1. 370 11.29 67.19 42.16
Park City Oonsolidated, Utah, Cut-and-fill and stulled stopes___ 6,219 per month _______ 1. 073 1. 437 23.208 .949 19.60 6 10.26 20.40 tj

trj
1935. ~

McIntyre, Ontario, 193L _________ Cut-and-fill and shrinkage______ 66,902,1 month 12______ .112 1. 520 .718 .267 2.617 1. 090 25.89 --- ------ 37.90 0
Golden Anchor, Idaho ____________ Resuing___________ - _- - - - - - - - - - -- 9,547, year_____________ 1. 780 3.240 1. 73 6.750 2.830 47.25 64.57 26.80 !;O
Magma, Ariz., 1928________________ Cut-and-fill and square seL______ 263,094, year___________ .502 1. 706 2.052 .519 4.779 .90 34.61 619.00 31.63 0
Argonaut, Calif., 1929_____________ Square seL _____________________ 7,800, 1 month _________ .296 I 2.876 .996 --------- 24.168 1. 01 33.08 67.05 27.80 d

71.08
~

United Verde Extension, Ariz., -___ .do________________________ -- 275,212, year __________
(') I

1. 653 1. 586 .761 4.000 -- --- ---- ----- ---- 618.53 - - - - - ~ - -- t:t
1928.

Tintic Standard, Utah, 1929______ - - ___ do - - _- - ___ - - _- - - - - -- - - - - - - - - 8,758,1 month ________ .939 3.241 3.045 1.142 8.367 1. 068 46.60 625.51 31. 60
~Black Rock, Mont., 1929_________ _____ do ____________ - - - - - - - - - - - - - - 15,929,1 month _______ 2.850 1. 888 1. 481 6.219 1. 730 53.70 612.00 30.20 1-1

I I
72.80 ~Page, Idaho, 1928______________________ do_ _______________ __________ 90,460, yeaL - - - - - ----- 2.222 .536 ---i:947-1 ~2. 758 1. 405 15.07 613.09 32.50 1-1

Ground Hog, N. Mex., 1930______ Square set; some cut: and-fiIL____ 3.715permonth _______ 1. 328 I 2.140 1. 290
~: ~g~ I

.900 8.75 68.12 30.00 ~
Central Eureka, Calif., 1930_______ Square seL _____________________ 4,143,1 month ________ 2.746 1. 373 .419 1.010 86. 00 I 6 25. 78 i 30.70 0

1 Long tons of 2,240 pounds. 7Linear feet.
2 Underground only. 8 Tons of sorted ore.
a Included under other headings. gPer ton of sorted ore.
4 Included in other underground. 10 Total tons broken.
I About 15,000 tons more ore broken but not hoisted. 11 Per ton of total ore broken.
41 Board feet. 12 Total ore from stoping and development.

~
~
~
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Direct unit mining costs per ton of ore Inined

Labor, man-hoursRate of output per
month or year, tonsPrincipal stoping method

!
TABLE 43.-Total direct mining costs in units of labor, supplies, and power-Continued

Mine and year

__,_ _ All sup-
-I plies

I

I I I

I

Explo- T" p~~~r.
___ _ _ Develop- Stoping Other slves. Power, Imber, percent

--I _ __ __ _ ment only u.nder- Surface Total pounds kw.-hr. bfoard of total
____1___ _ ,_ I ground eet dollar, _______- cost

---- --~-- --- ----

Gold Hill, Idaho, 1936 .. -- --- -- __ I Square seL --- - --- ---------- ---- 3,579, 1 month _________ 13 O. 260 11. L 630 I 1. 510 1_________ 23.400 .920 37.50 69.27 37.00
72.88

Humboldt, Ariz., 1928_ ________ Block caving____________________ 140,000 per month _____ .5481 . 127 0.091 .766 .190 6.25 ---------
~Ray, Ariz., 1928_ ____ _______ ___ ____ do _________________________ 3,243,159, yeac ________ (4) .069 15.592 0.077 .738 .319 61.88 .---------

Braden, Chile, 1928____________ I __ do __________________________ 5,174,017, yeac ________ 0.656 .263 .919 .116 2.91 61.08 trj

Eureka-Asteroid, Mich., 1929_ Sublevel caving_________________ 401,680, 1 16 .441 \ 16.550 17.406 .409 1. 806 .710 15.62 63.35 34.00 ~

~~ni~~~~'2~ViS., 1928___ -- -- ~ i ~~~-_ - - -- ---- -- - - -- - - - ------ -- 450,000 year .157 .397 .674 .108 1. 336 .590 18 6.24 62.76 >
t-t380,318 year .200 I .365 .406 2.971 .722 9.38 ? --------- I

No. 16, 192Y ------------- _I Sublevel caving and top slicing __ 347, 615 1_____________ .127 .636 .430 21.193 .421 61.55 ~19.0013 1-1
Mesabi No.1, Minn., 1928__ I Top slicing _____________________ 209,300, year 1_________ 0.725 .394 .055 1. 174 .395 4.47 62.83 38.5 ~
Mesabi No.2, Minn., 1929 __ __. do _________________________ 406,200, year 1_________ .200 .515 .439 .383 1. 537 .801 2.97 32.7 1-1

Mesabi No.3, Minn., 1929 I-----do _________________________ 337,735, year 1_________ None .585 .146 .167 .898 .694 1. 86 71.16 39.7 ~
19.0012 0

Mesabi No.4, Minn., 1929_ I do __________________________ 315,083, year I. ________ None .540 .237 .212 .989 .463 3.49 61.06 35.1
i 71.256 I-lj

:::::::::.::::,1:::9 -::-1 --::: :-::::::::::::::::::::::-
19.0018 ~

270,221, year 1_________ .007 .617 .369 2.993 . 533 3.36 61.34 932. >----- - - _.. 019.0016
~777,109, year 1_________ .076 .645 .406 .220 1. 347 .562 4.16 72.21 29.6 1-1

'1-' :-~~: ==:========:===========::

19.00325 0
Marquette No.9, Mich., 1929 555,919, year 1_________ .091 .533 .279 .112 1. 015 .408 12.49 7.672 42.1 trj

Marquette No. 11, Mich., 1929 275,000, year 1_________ .090 .919 .377 .385 1.771 .547 9.39 61.702 34.0
19.00394

Marquette No. 12, Mich., 1929 __ I ____ do __________________________ 479,812, year 1_________ .145 .556 .347 ----- -- -- 21.048 .437 18.41 61.117 42.3
I 71.849
I 19.0047

::::~~::h~:~::· _~:eh:,_1929 ___:1:::::::::::::::::::::::::::::: 343,147 year 1__________ .027 .695 .296 .297 1. 315 .365 16.41 61.376 44.7
73.052

6,540 per month _______ .690 2.750 2.000 .842 6.282 3.360 14.50 656.52 34.30

1 Long tons of 2,240 pounds. 14 Development and stoping.
2 Underground only. 15 Includes development.
• Included with other underground. 16 Includes apportioned part of supervision and general labor .
6 Board feet. Ii Haulage and hoisting.
7 Linear feet. 18 Plus 0.32 p:mnds of coal.
13 Exploration only. 19 Cord oflagging.
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SURFACE MINING

325

The term "surface mining" is used in this bulletin to cover the
mining in surface excavations. It includes placer mining, mining
in open glory-hole or "milling" pits, mining and removing o:r.e from
open-cuts by hand or with mechanical excavating and transportation
equipment, and the removal of capping or overburden to uncover
the ores.

In this section of the bulletin are assembled operating data from
a number of earlier publications of the Bureau of Mines and some data
from other sources. Space does not permit comprehensive discussion
of methods, practices, and equipment, and these subjects are there
fore considered but briefly.

PLACER MINING

The subject of placer mInIng is one upon which much has been
written in the technical press, handbooks, textbooks, publications
of technical societies, and in earlier publications of the Bureau of
Mines. 56

As in tIle case of lode deposits, methods of working depend largely
on natural conditions-the mode of occurrence or type of deposit,
the size and grade (value per cubic yard), bedrock gradient, the depth
of overburden and pay gravel, the nature of the gravel, particularly
whether cemented or not, the quantity of large boulders, the quantity
and head of water available, and climatic conditions.

TYPES OF PLACER DEPOSITS

There are two general types of placer deposits-residual placers and
transported or alluvial placers. In both, the original source of the
gold was in lodes, veinlets, stringers, or stockwerks in solid rock.
In the residual deposits, which are relatively unimportant from the

56 Janin, Oharles, Gold Dredging in the United States: Bureau oiMines Bull. 127, 1918, 226 pp.
------, Recent Progress in Thawing of Frozen Gravel in Placer Mining: Bureau of Mines Tech.

Paper 309,1922,34 pp.
-----, Placer-Mining Methods: Bureau of Mines Rept. of Investigations 2315, 1922,4 pp.
Jennings, Hennen, The History and Development of Gold Dredging in Montana: Bureau of Mines

Bull. 121, 1916,63 pp.
Wimmler, N. L., Placer-Mining Methods and Oosts in Alaska: Bureau of Mines ,Bull. 259, 1927, 236 pp.
Jackson, Ohas. F., and Knaebel, John B., Small-Scale Placer-Mining Methods: Bureau of Mines Inf.

Circ. 6611,1932, 17 pp.
Johnson, Fred W., and Jackson, Chas. F., Federal Placer-Mining Laws and Regulations and Small

Scale Placer-Mining Methods: Bureau of Mines Inf. Circ. 661lR, 1938,37 pp.
Patmon, Charles G., Methods and Costs of Dredging Auriferous Gravels at Lancha Plana, Amador

County, Calif.: Bureau of Mines Inf. Circ. 6659, 1932, 16 pp.
Requa, Lawrence K., Description of the Property and Operations at the Lewiston Dredge, Lewiston, Oalif.:

Bureau of Mines Inf. Cire. 6660, 1932, 14 pp.
Gardner, E. D., and Johnson, C. H., Placer Mining in the Western United States. .Part I. General Infor

mation, Hand Shoveling, and Ground Sluicing; Bureau of Mines Inf. Oirc. 67~6, 1934, 73 pp.
----, Placer Mining in the Western United States. Part II. Hydraulicking, Treatment of

Placer Concentrates, and Marketing of Gold: Bureau of Mines Inf. Circ. 6787, 1934,89 pp.
, Placer Mining in the Western United States. Part III. Dredging and Other Forms of

Mechanical Handling of Gravel, and Drift Mining: Bureau of Mines Inf. Circ. 6788, 1935,81 pp.
Ross, Charles L., and Gardner, E. D., Placer-Mining Methods of E. T. Fisher Co., Atlantic City, Wyo.:

Bureau of Mines Inf. Circ. 6846,1935, 10 pp.
Gardner, E. D., and Guiteras, Jos. R., Placer Operations of Humphreys Gold Corporation, Clear Creek,

0010.: Bureau of Mines, Inf. Circ. 6961,1937, 16 pp.
Gardner, E. D., and Allsman, Paul T., Power-Shovel and Dragline Placer Mining: Bureau of Mines

Inl. Circ. 701:1, 1938,68 pp.
Lorain, S. H., and Metzger, O. H., Reconnaissance of Placer-Mining Districts in Idaho County, Idaho:

Bureau of Mines Inf. Circ. 7023, 1938, 94 pp.
Metzger, O. H., Reconnaissance of Placer Mining in Boise County, Idaho: Bureau of Mines Inf. Oirc.

7028,1938,34 pp.
Vanderburg, William 0., Placer Mining in Nevada: University of Nevada Bull. 4, vol. 30, May 15, 1936,

180pp.
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standpoint of gold production, the gold occurs in disintegrated rock
at or near the original source, and concentration. of the gold has been
effected by removal in solution of soluble rock constituents and by
mechanical washing out of lighter minerals.

Transported placers result from the removal of gold-bearing rock
debris from its original situation by natural agencies (principally
running water), the further disintegration of the rock during transpor
tation with attendant liberation of the gold particles, and redepositjon
at some distance from the source. By reason of the sorting action of
running water, gold, which is of much higher specific gravity than the
rock-forming minerals, is separated from them and deposited, under
favorable conditions, where the velocity of the water is reduced to a
rate such that the gold is dropped but the lighter minerals are carried
farther.

Brooks 57 has classified placers largely on the basis of the present
position of the deposits.

Classification of placer deposits (Brooks)

Creek placers.-Gravel deposits in the beds and intermediate flood plains of
small streams (fig. 1).

Bench placers.-Gravel deposits in ancient stream channels and flood plains
Ghat stand 50 to several hundred feet above the present streams. They represent
the remnants of the stream beds during earlier stages of development/.

Hillside placers.-Gravel deposits intermediate between the creek and bench
gravels; their bedrock is slightly above the creek bed and the surface topography
shows no indication of benching.

River-bar placers.-Placers on gravel flats in or adjacent to the beds of large
streams.

Gravel-plain placers.-Placers found in the gravels of the coastal or other
lowland plains

Sea-beach placers.-Placers reconcentrated from the coastal-plain gravels by
the waves along the seashore.

Ancient beach placers.-Deposits found on the coastal plain along a line of
elevated benches.

Lake-bed placers.-Placers accumulated in the beds of present or ancient lakes
that were generally formed by landslides or glacial damming.

Another type of placer is the so-called dry placer occurring in arid regions in
poorly assorted angular or subangular gravels over large area.s of gulches, hillsides,
mesas, and ridges instead of in well-defined channels.

Creek, bench, and river-bar placers have been the most productive. As gold
is virtually the only metal recovered in large amounts by placer mining in this
country, the following discussions and data apply to gold mining.

METHODS OF WORKING

Placer-mining methods may be classified either according to the
methods employed for excavating and transporting the gravel or the
method of recovering the gold. Using the methods of excavation and
transportation as a basis and employing terms familiar to placer
miners, the following classification may be made:

1. Hand shoveling. Gold recovered by (a) panning, (b) rocking, (c) use of the
long tom, (d) shoveling into boxes (sluicing), or (e) dry washing.

2. Ground sluicing (including "booming").
3. Hydraulicking.
4. Excavation by teams or power-operated equipment other than dredges.
5. Dredging.
6. Drift mining (an underground method).

67 Brooks, Alfred H., The Mineral Deposits of Alaska: Mineral Resources of Alaska, 1913; Geol. Survey
Bull. 592, 1914, pp. 25-32.
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Hand methods are adapted to the mining of comparatively thin
deposits under shallow cover that are too small to justify the capital
expenditure required for working by other methods. Excavation is by
pick and shovel and the gravel may be washed by panning, rocking, or
long tom in the "diggings" or transported by wheelbarrow, pack
animals, carts, or trucks to the water and washed by panning, rocker,
long tom, or sluice. Since ordinary cheap tools are employed and the
washing equipment can be built on the ground at small expense, hand
methods are available to those of small means. In this country, how
ever, very few deposits rich enough to pay wages wIlen worked by
hand methods remain unworked. A skillful operator can pan care
fully about 100 pans, or a little over half a cubic yard of uncemented
gravel (measured in place), in 10 hours. Thus, to earn $5 per day,
gravel would have to run about $10 per cubic yard.

Rocking requires but little more equipment tilan panning, and
a rocker can be built by anyone having average skill with carpenter's
tools. Figure 121, A, shows a knock-down rocker, which differs frorri
other forms only in details of construction arid which can be varied
to suit conditions. The rocker may be operated by one man but
preferably by t,vo, one of wllom operates the rocker while the other
digs the gravel and brings it to the rocker. Where water is scarce,
the rocker often is placed alongside a small sump or pit, from which
water is taken with a dipper and poured over the gravel in the sieve
box. If water can be piped to the box, the labor of operating the
rocker is reduced considerably and more gravel can be washed per
shift. According to Purington,58 two men rocking steadily can wash
3 to 5 cubic yards per 10-hour day, the exact amount depending
upon the nature of the gravel, the distance it has to be carried, and
the water supply. The gold is caught in the canvas apron under the
sieve box and behind the riffles in the box, whenceit is removed peri
odically or whenever the concentrates build up to the level of the tops
of the riffles.

In recent years some miners have added mechanical drives to the
rockers, increasing their capacity and lessening the manual labor
required. In one instance 59 an eccentric arm attached to the rocker
was driven by a small gasoline engine, and t,vo men were able to
handle an average of 1 cubic yard per llour; ,v·here the gravel was
free from clay, the capacity was said to, be as high as 3 cubic yards
per hour. The cost of the rocker and drive was $160. A number of
patented machines constructed on similar principles are on the
market, cost $225 to $700, and have advertised capacities of 7~ to
27~ cubic yards per hour.,

The long tom (figure 121, B) usually has- a somewhat greater·
capacity than the rocker and does not require hand labor or power
for rocking but requires a good supply of running water and often
does not give as complete recovery of the gold. Wilson 60 states that
two men, one shoveling into the tom and one forking out the large
stones and keeping it clear, can wash 6 cubic yards of ordinary

58 Purington, O. W., Methods and Oosts of Gravel and Placer Mining in Alaska: Geol. Survey Bull.
263, 1905, 273 pp.

5e Gardner, E. D., and Johnson, O. H., Placer Mining in the Western United States. Part 1. General
Information. Hand Shoveling, and Ground Sluicing: Bureau of Mines Ini. Oirc. 6786, 1934, p. 50.

80 Wilson, E. B., Hydraulic and Placer Mining: John Wiley & Sons, Inc., New York, 3d ed., 1918, 425 pp.
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gravel or 3 to 4 yards of cemented gravel in 10 hours. Toms are
used rarely now in the lJnited States; where running water and grade
are available a simple sluice is as effective and requires less labor.

In operation the gravel is shoveled illto the tom (or flume im
mediately ahead of it), where the fine material is washed tllrough the
screen and the larger rocks are forked out and discarded. The
gold and heavy sands are caught behind the riffles, and when these
become. filled up the concentrates are removed and cleaned in a gold
pan. Mercury sometimes is added to the box to catch fine gold.

Surf washers are similar to long toms but usually are shorter an.d
wider. They are set so that the incoming surf rushes up the sluices,
washes material from the screen box or hopper, and, upon retreating,
carries it over the riffles and plates. The duty per man averages
about 3 to 5 cubic yards in 10 hours. One man can tend two surf
washers, and in one recorded instance 8 cubic yards were handled in
10 hours.

Hand-shoveling into boxes or sluicing requires a plentiful water
supply and a good bedrock gradient or slope to carry away the washed
gravel. The method is adapted to rich gravel up to 6 or 8 feet in
depth or to gravel that has already been partly concentrated by
ground sluicing or booming. The gravel is loosened by picking and
is shoveled by hand into the head of the sluice, which consists of a
series of telescoping riffled boxes (fig. 121, C, which also shows a
typical lay-out for hand work).

Riffles are constructed in various ways, four common types being
shown in figure 121, D. The quantity of water available will control
the scale of operations and the size of sluice to be used. A minimum
flow of 15 to 20 miner's inches (170 to 225 gallons per minute) is re
quired for a 12-inch sluice set on a steep gradient. Boxes are 8 to 24
inches wide, and there may be from three to as many boxes as are
required to carry the tailings toa suitable dumping ground. Concen
trates from the sluices are panned or washed in a rocker to effect the
final separation of the gold. The amount of water required for sluic
ing varies; about 1.3 to 3 cubic yards of gravel can be handled per 24
hours with a flow of 1 cubic foot of water per minute, equivalent to
about 3,600 to 8,300 gallons of water per cubic yard. Young 61 cites
two examples of sluice capacities, as follows:

Water flow per Gravel 'Washed
Width of sluia, Depth of flow, Gradient, minute, cubic per 24 hours,

inches inches percent feet cubic yards

10-12 6-7 4. 16 45 67. 5-135
12-14 10 6. 2 100 150 -300

Under ideal conditions a good miner can shovel 15 cubic yards of
gravel per shift into boxes elevated not more than 3 or 4 feet above
bedrock. Wimmler 62 states that 7 or 8 cubic yards per man-shift
constitutes an average performallce in Alaska.

Table 44, reproduced from Information Circular 6786 by E. D.
Gardner and C. H. Johnson., gives data on shoveling into boxes, which
are typical of this method of workillg and show wide variations in
workillg costs under different conditions.

61 Young, George J., Elements of Mining; McGraw-Hill BOOK Co., Inc., New York, 1st ed., 1916, p. 351.
62 Wimmler, Norman L., Work cited in footnote 56 (p. 325).
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Operator of mine _
Address_ ___ ________ ______ Orovillp, Calif
Location of mimL Feather Hiver
Number of Ilwn working 2 _
Shift ____ _ __ hours 9 _
Depth of gravel ____ _ ___________ __ frcL 2 _
Character of graveL ___________ Loose top dirt. __
Percentage of bouldrrs over 6 inchcs in

diameter in grave-I.
Character of bedrock --
'Vidth of sluice boxes inches
Grade inches per foot
Length of each box_______________ fect
Boxes . number __
Type of riffles _

1 'rap 2 feet consists of soil.
2 With 10 percpnt plus 1~~ inches.
3 With no oversize.
~ Assuming labor at $3 per shift.

5 All material over IH inches in sizr scn'ened out at head box.
tI Stumps in gravel and rock ledges above bedrock.
7 Only lower 18 inches of gravel washed.
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Dry washing usually has failed or been indifferently successful in
this country. Winnowing as practiced in Western Australia, where
the sand is very dry and there are strong prevailing winds, has not
worked well here because of retained moisture in the sands and because
of insufficient wind. For successful dry washing, the gravel must be
completely dry and thoroughly disintegrated. Machines similar to

Deck of 8-ounce,
single-weave canvas
over copper fly

K~n~

FIGURE 122.-Power-driven dry washer, capacity 0.8 cubic yard per hour, Goler Gulch, Calif. (June 1932).

that shown in figure 122 consist of screens and flat-sloping, riffled can
vas decks, under which air pulsations are produced by bellows or other
means to agitate the sand and work it down the deck over the riffles,
the gold and other heavy minerals being caught behind the riffles.
The machine illustrated was operated to give 250 pulsations of air per
minute, and the capacity was reported to be about,O.8 cubic yard per
hour, bank measure.
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GROUND SLUICING

In ground sluicing the gravel is excavated by running water not
under pressure. Booming is a variation of ground sluicing in which
water is stored in reservoirs and is intermittently discharged in large
volumes over short periods to obtain the maximum erosional and trans
porting effect on the gravel. The most favorable conditions for ground
sluicing usually occur on the benches and upper reaches of creeks
where pipelines, flumes, or ditches, which add greatly to installation
costs, are not required. The method is not efficient if tIle gravel is
cemented and, although applicable to gravel containing boulders,
considerable additional work is required for handling. Ground sluic
ing and boolning often have been employed to remove barren or very
low-grade, light material covering the pay gravels during high-water
seasons in conjunction with other methods for mining the gravel.

Excavation by running water may be accomplished in two ways,
depending upon surface and bedrock topography and gradients and
thickness of the deposit-(l) by diverting the stream to undercut
the bank and carry away the caving gravel and (2) by running it over
the upper face or crest of the bank, the gravel being broken by the
cascading effect. Figure 123 shows four typical ground-sluicing oper
ations. At A and 0 are shown adaptations of the first method and at
Band D of the second method. In 0 is shown a pipe line carrying
water under a 50-foot head and terminating in a fire hose and nozzle
employed to remove the top soil and to assist in undercutting the
bank. Booming was employed in the operation shown at D, where the
gravel bed was 18 to 24 feet deep and 90 feet wide. The botton1 5 feet
was fairly tight and by overcasting the water it scoured away this
stratum.

The water-borne material is deflected to sluice boxes, in which
the gold and heavy minerals collect behind or between the riffles and
are later cleaned up in the usual manner by first running elear water
through the sluice until it is free from gravel and then removing the
riffles section by section, beginning at the upper end, ,vhile a light
stream of water is passed through. Boulders not transported by the
waters must be moved aside to permit cleaning the bedrock beneath
them and considerable labor may be required for this purpose. At
D, figure 12:1, is shown a derrick for handling large boulders; at other
places they are blasted or removed by hand or by cableways or other
mechanical Ineans.

In ground sluicing and, indeed, in all placer work the bedrock must
be cleaned carefully to recover gold that naturally tends to collect
in cracks and other irregularities of its surface.

Table 45 is abstracted from data given in Information Circular
6786 on a number of ground-sluicing and booming operations. Wide
variations in costs are shown, and it may be noted that whereas it was
stated previously that for shoveling into boxes (water used only for
washing the gravel) about 1.3 to 3 cubic yards of gravel could be han
dled per 24 hours with a flow of 1 cubic foot of water per minute (1.95
to 4.5 cubic yards per miner's inch per day), when water was used for
ground sluicing and booming the duty per miner's inch per day at the
tabulated mines ranged from 0.04 to 1.7 cubic yards. From these
data it appears that ground sluicing and booming usually may require
roughly 5 to 10 times as much water as shoveling in.
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FIGURE 123.-Layouts of ground-sluice mines. A, Ravano mine, Laurin, Mont. B, Rundle mine,
Blackhawk, 0010. 0, Oamp Bird mine, Laurin, Mont. D, Harvey mine, Lincoln, Mont.



TABLE 45.-Data on ground sluicing and booming operations, 1932 e,...,
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8 Booming, using 300 miner's inches from reservoir for 27 minutes.
g Booming, using 650 miner's inches for 30 minutes.
10 Booming, using 1,600 miner's inches for 1~ minutes.
11 Average 700 first 52 days; booming used 7,500 miner's inches from reservoir once every

hour, for 2~~-minute periods.
12 To June 23.
la Booming used 4,000 miner's inches every 1% hours for 15-minute periods.
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.28

.20

.87

.20

.21

.11

.50

Cost per cubic yard
washed

I

Labor' I ~~~; I Total

I I---1---1 ----1-- --\----1---

$1. 271 $0. 02 I $1. 29

1: ~~ ----.-02-1 1: ~~
.39 .03 .42

1. 17 .02 1.19

1 One second-foot =40 miner's inches, or IH cubic feet per minute=l miner's inch.
2 Labor figured at $3.50 per day.
3 Booming, using 150 miner's inches from reservoir for 4 hours.
424 inches when more water available.
5 To July 17.
6 Not including rental of shovel or supervision.
7 To July 20.

Gravel Sluices Riffles
-----

Volume washed, cu. yds. Water Size, inches

I I Born-, I I

supply, _____
Mine and situation

I ;er
average I IGrade,Thick- ders Olay miner's inches I Type ILength,

ness, ?ver 6 perce~t day Per inches 1 per feet
feet mches, Season Day per man-

__I_:dth ,Depth footpercent miner's shift
inch

I
------

Morgan, 0010 __________ 5 20 5 165 j 2.75 0.04 2.75 70 18 12 1.2 W ire screen on carpet ___ 20
Ravano, Mont _________ 6 25 0 775 9.0 .30 9.0 330 .5 Pole _____. ______ .. _________ 36
Bar No.1, 0010 ________ 6 10 0 300 9.0 .15 3.0 60 12 8 1.5 Wooden cross on burlap_ 36
Osborne, Mont _________ 15 15 0 1,400 53.0 .66 9.0 80 413 13 .33 Pole. ____________________ 84
Rundle, 0010_____ .. ____ 8 15 2 174 3.0 .05 3.0 60 24 12 1.00 Oross on wire over cor- 16

duroy.
Bar No.2, 0010_. _______ 6 10 0 400 24.0 .40 12.0 60 18 12 .25 Cross on burlap _________ 24
Kamloops, Colo ________ 18 10 0 54,000 73.0 .73 18.0 100 30 20 .25 Wooden cross ___ -- ______ 250
Willow Creek, N. Mex_ 20 10 ] 7 1,030 16.0 .23 4.0 870 18 10 .50 Wooden block___________ 600
Camp Bird, MonL _____ 10 15 0 2,400 36.0 .51 18.0 '70 I

22 16 1. 00 Pole______________ . ______ 36
Bennet, Mont__________ 15 10 2 1,150 17.0 1. 70 17.0 10 10 36 18 .75 _____ do___________________ 36
Harvey, MonL _________ 22 35 5 3,800 I 32.0 .127 32.0 11 300 38 36 .75 _____ do___________________ 96
Magnus, Wash _________ 20 25 1 12 6,000 67 .134 1.0 13 500 I 48 36 .60 Steel rails __ . ____________ 400
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In hydraulic mining a stream of water under high head is employed
to break down the bank and excavate the gravel and to sweep it to
the sluices. Additional running water (termed "bank" or "by-wasIl"
water) usually is required to wash it to and through the sluices. .The
gold is recovered in part from cleaning the bedrock after the gravel
has been removed but principally from clean-up of the riffled sluice
boxes.

An adequate supply of water under high pressure is therefore
required, and the construction of dams, ditches, flumes, or pipe lines
or a combination of these is necessary to convey the water to the mine
or pit. Pressure sometimes is supplied by power-driven pumps rather
than by natural heads, but tllis adds substantially to the mining cost.
The excavating power of the water varies with the pressure and also
the quantity, and yardage that can be handled per day will vary with
this and with the total quantity of water (pressure water plus running
or "by-wasIl" water). The cutting and sweeping capacity of the
pressure water is usually greater than its carrying capacity after it
becomes merely a stream of running water, and therefore additional
"bank" water generally is required to wash the gravel through the
sluices and ultimately to the tailings pile. If the "by-wash" water is
run over the crest of the bank, as in ground sluicing, it may aid mate
rially in cutting down the bank and ca,rrying the gravel to the sluices.

Hydraulic mining is employed principally for excavating thick
deposits, but in Alaska it has been used widely for mining creek
placers and bench deposits, many of which are but slightly above the
creek level. Hydraulicking or "piping" also is used to remove the
overburden from the pay gravels, the latter then being mined by other
methods. For good results the bedrock slope should be at least 2
percent for finely divided material, 4 or 5 percent for medium-size
material, and more for coarse material. If there is not enough natural
slope for moving the gravel to and through_ the sluices and for disposal
of the tailings, it becomes necessary to sweep it to a pit or sump and
elevate it by means of Ruble or hydraulic elevators or by mechanical
means to sluices supported on trestles. Hydraulic mining usually is
seasonal, being restricted to periods of maximum run-off.

Pressure water is piped to the pit, usually from a penstock, and is
directed against the gravel bank by nozzles termed "giants" or
"monitors." These can be swung to direct the jet against desired
points in the bank or to sweep the excavated gravel along the bedrock
to the sluice head or sump, as the case may be. Table 46 gives data
on flow of water through giants.
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TABLE 46.-Flow of water through giant.~ 1

Effective head, feet

Diameter 100 200 300

•

400
Giant No. of nozzle,

inches
Cubic Miner's Cubic Miner's Cubic Miner's I Cubic 1tIiner'sfeet per inches feet per inches feet per inches i feet per inchessecond second second I second:

----------------- i -------i----

0__________ 1~ 0.6 22 0.8 31 ---------- ---------- ---------- ----------
0__________ 1% .8 33 1.2 47 ---------- -------- ---------- ----------
1__________ 2 1.6 63 2.2 89 2.7 109 3.1 125
L _________ 3 3.0 120 4.3 173 5.3 213 6.4 257
2__________ 3 3.3 133 4.7 187 5.7 227 6.6 267
2__________ 4 5.6 227 8.3 333 10.3 410 11. 9 477
3__________ 3 3.7 148 5.0 200 6.5 245 7.1 283
3__________ 4 6.0 240 8.6 343 10.6 423 12.2 488
4__________ 4 6.3 253 8.9 357 10.9 437

I

12.6 504
4__________ 6 13.3 535 19.2 770 23.7 950 27.5 1,100
5__________ 5 9.8 395 13.9 560 16.7 670 19.7 790
5__________ 6 13.5 540 19.3 770 23.8 950 ! 27.7 1,110
6___ - ______ 6 13.8 550 19.6 780 24.1 960 27.9 1,120
6__________ 7 18.7 750 26.7 1,070 33.2 1,330 : 37.7 1,510
7__________ 6 14.2 570 20.0 800 24.5 980 28.3 1,130
7__________ 7 19.0 760 26.9 1,080 33.3 1,330 38.0 1,520
8__________ 7 19.2 770 27.2 1,090 33.8 1,350 38.3 1,530
8__________ 8 15.2 1,010 35.3 1,410 43.7 1,750 48.7 1,950
9__________ 9 32.0

I
1,280 45.0 1,800 I 55.3 2,210 63.7 2,550

9__________ 10 39.3 1,570 55.3 2,210 68.2 2,730 78.7 3,140
i I

1 Adapted from table in catalog of Joshua Henry Iron Works, San Francisco, Calif.

Table 47 contains operating data on a number of hydraulie mines
in the Western United States that are believed to be typical of recent
operations. These data are from Information Circular 6787.



TABLE 47 .-Operating data on hydraulic mines

Gravel Water supply, miner's inches Nozzles Sluices Operating cost per
cubic yard

Pres- Duty 1 --------

Volume washed, cubic sure of total Num-Mine and situation Aver- Boul- yards Hours water water, ber Laborage ders By Pres- Total used head, cubic Diameter, used Size, Length, and Sup-thick- over 12 wash sure feet yards Total
ness, inches, Per water water water per inches at inches 2 feet super- plies

day one visionfeet percent Season Day man- timeshift
--------------------------- -------------

Senger, Calif________________ 6 20 3,600 40 20 0 400 400 5 225 0.48 4~ 1 36 x 24 96 $0.18 $0.02 $0.20
Elephant, CaliL ____________ 345 3 8,000 62 20 40 135 175 10 115 .85 3 1 18 x 16 32 .20 .02 .22:
Horton Gulch, OaliL ________ 17 f) 8,000 80 40 30 220 250 9 65 .85 5 1 24 x 18 36 .09 .02 .11
Banner, Calif_______________ 15 10 15,000 ------- 84 0 300 300 10 100 4 2 26 x 24 36 .04 .01 .05
Indian Creek. CaliL ________ 9 8 8,800 <! 175 588 0 500 500 5 275 3.36 5 1 48 x 36 48 .046 .03 .076
Salmon River, CaIiL ________ 617 6 29,000 223 56 0 1,100 1,100 9 225 .54 6 2 36 x 30 150 .06 .01 .07
Jacobs, CaliL ________________ 740 5 12,000 240 120 0 460 460 3 90 4.15 7 1 48 x 36 120 .03 .02 .05
Omega Hill, CaliL __________ 845 8 75,000 1,700 280 200 1,300 1,500 10 210 2.72 6 2 48 x 36 1,700 .02 .02 9.04
Indian Hill, CaliL __________ 35 100,000 220 430 650 9 130 -------- 472 and 6 1 40 x 40 288 - ---- -- - ---- -- 10.07
Depot Hill, CaIiL ___________ 60 5 40,000 ------- ------- 150 450 600 ------- 160 1.0 472 and 5 1 30 x 24 3,500 ------- ------- 10.115
North Fork, Calif___________ 15 5 150,000 11 770 140 o { 900 900 18 400 } 1.0 7 and 5 2 48 x 40 168 .03 .015 .045400 400 5 200
Salyer, CaliL._______________ 100 -------- 718,900 7,400 500 0 2,800 2,800 24 350 2.64 7 2 60 x 50 350 --.-02-- .026
Norton,Oreg________________ 12 12 12,000 80 40 390 210 600 9 90 .55 3 and 4 1 20 x 20 100 .10 ' .12
Salmon Creek, Oreg_________ 25 8 ? 260 33 60 90 150 16 150 2.55 2~ 1 26 x 20 180 .15 .05 .20
Deep Creek, MonL _________ 15 10 122,100 57 11 100 100 200 5 135 1. 37 3 1 20 x 18 300 .41 .01 .42
Yellowstone, MonL _________ 30 5 9,000 100 31 360 240 600 18 175 .22 4 1 23 x 24 500 .11 .02 .13
Virginia City, MonL _______ 30 5 ? 140 14 1.5 70 85 ------- 65 1. 65 272 1 14 x 18 180 .35 .02 .37
Henderson No.1, MonL ____ 45 10 9,000 200 40 0 600 600 4 270 2.00 5 1 22 x 24 120 .10 .02 .12
Henderson No.2, MonL ____ 15 2 3,500 320 64 0 150 150 16 80 3.20 2 and 4 1 22 x 24 120 .06 .02 .08
'Visconsin Gulch, MonL ____ 27 20 15,000 283 13 1,500 1,300 2,800 24 220 .10 4,5, and 6 2 44 x 40 1, 900 .34 .035 .375
Stemwinder, MonL _________ 70 5 18,000 300 50 50 130 180 12 225 3.34 3 1 24 x 18 240 .07 .02 .09
Diamond City, Mont_______ 12 10 ? 350 70 800 100 900 16 125 .61 2,3, and 4 1 32 x 36 2,700 .08 .02 .10
Superior, MonL ____________ 60 5 67,000 560 70 ? 85 ? 16 90 ? 272 1 48 x 60 5,000 .09 .03 .12
Hocken-Smith, Idaho _______ 12 5 10,000 80 40 150 8 { 75 } 1. 60 1~ and 2 1 18 x 18 600 .10 .10- ------ - -- -- -- 150 - ------
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1 Cubic yards gravel washed per day per miner's inch; where water only used part of
day, duty is calculated on basis of hours used.

2 Width by depth.
s 1~ to 3 feet gravel overlain by volcanic ash.
, 350 when washing.
5 175 when washing.
e Including 11 feet of top soil.

728 feet of clay over 12 feet of gravel.
8 Overlain with 40 feet volcanic ash.
o Exclusive of ditch repairs, cleaning up, and supervision.
10 Includes $0.02 for storage of tailings.
11 900 for actual days washing.
12 To July 9.
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.03 .125

.02 .085

.01 .08

.035 .19

.015 .06

.01 .08

.01 .08

.02 .27

.02 .17

.015 .10

.26 .93
22 .17 .29
23.23 .38

.03 .125

.095

.065

.07

.155

.045

.07

.07

.25

.15

.085

.67

.12

.15

.095

160
72

132
48
32

880
304

72
125
95
~O

400
96

')

1 30 x '?
1 26 x 30
1 28 x 18
2 48 x ?
2 48 x ?
4 30 x 24
2 32 x ?
2 32 x 24
3 24 x 24
2 30 x ?
1 12 x 10
1 30 x 36
2 30 x ?
1 30 x 'J

4 and 3Yz
3 and 4

3
5

4~ and 5
3%
3
1~

4 and 472
3 and ·1
%(Jr%

Vi or 1}/z
2~~ and 3~

4 ano ~3~1!

.77

.51
?

.80
?

.78

.45

.74

.93
1. 93
1. 43
.40

')

200
200

40
300
300
360
450
125
265
180
300

21 100
21 100

200

12
20
8

24
24
24
24
24

?
9
8

24
24

?

10 Induding water for giant. at Ruble hydranlic elt'vators.
20 Water pumped 120 fpet vertically.
21 40 pounds per square inch furnished by booster pump.
22 Includes power for pUlnping $0.15.
23 Includes power for pumping $0.21.

?
400

1,200
900

11. 700
650
240

Ii 200
300

28
2°3fiO

400
')

275
190

50
1.200
J4 GOO

161,700
1il f)50
11\ 240

725
~30()

28
60

400
')

?
350

10,000
o
o
o
o
o

290
o
?

37
73
52
25

111
57
55
16
37
48
6

41
27
37

110
440
104
540
667

1.128fl
.100

64
200

IS 49
18

500
160
110fl,930

7. OO~

12,000
7, 000

?
'?
?

5
1
5 13 8.500
8 56.600
2 30,000
o 50,000
1 100,000

15 '>

10
3
1
5
1
?

12
30
50
9

12
25
35

5
33
18
7

14
7

10-20

Mine and situation

Golden Huh', Idaho ~ ~ ~ _
Fortune, Colo _
Dodman, 0010 _
Redding Creek, CaliL _
Browning,Oreg _
Llano de Oro, Oreg _
Platurica, Oreg _
Davis, Idaho _
Gallia, CaliL~ _
Lewis,Orcg _
Connors, Orcg _
Eldorado Bar, Mont _
Old Garden Gulch, Idabo _
Golden Rule, Idaho ~_

13 To July 18.
14 Includes water for Ruble (·levator.
15 400 for actual days working.
16 Includes water for hydraulic elevator.
17 Including water for hydralllie elevator and generator.
18 106 for actual days washing.

TABLE 47.-0peratl:ng data on hydraulic mines--Continued

~---~---------I- T I . I Operating cost per
Gravel \vater,suPPlY, miner's inches ~ozzle'3 I SluIces cubic yard

I -------~------- -~---------------- 1

1

, --- _

------ Pres- Duty I I

Volume washed, cubic sure of total I Num- i
Aver- Boul- yards Hours water wat~r, ber I I I Labor
a~e ders ( By Pres- '-rotal used head, CUbIC Diameter,! used Size, Length, and

thlCk- over 12 I I wash snre water per feet yards I inches i, at I inches feet super-
ness, inches, Per water water day lone vision
feet percent Season Day ~~~- I time

-----------1--- ------------ --_.------ --- ---- I I--I----I--~I I---I---
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EXCAVATION BY TEAMS OR POWER-OPERATED EQUIPMENT OTHER THAN DREDGES

During the last decade conventional excavating machinery such as
drag scrapers, power shovels, draglines, tractors, trucks, and bull
dozers have been adapted to placer .mining. Although the earlier
adaptations often were commercially unsuccessful, a technique was
developed rapidly that resulted in numerous successful operations.
They are applicable to the mining of deposits too small to warrant
capital expenditures for standard bucket dredges 63 or deposits other
wise unsuited for dredging and to deposits too low in grade to be
\vorked profitably by small-scale hand methods and to those where
there is an insufficient volume of water for ground sluicing and in
sufficient head for hydraulic mining. The excavating and transporting
equipment is used with washing and gold-saving plants, which may
be either stationary on land, mobile on land, or mounted on a barge
or pontoons floating in a pond.

Gardner, Johnson, Allsman, and others have discussed the equip
ment, methods of operation, and costs in a number of Bureau of Mines
publications 64 and numerous articles on the subject have appeared in
the technical journals.

Teams and tractors.-Teams may be employed in small-scale work for
the selective mining of thin gravels and may be used in shallow water
where a tractor could not operate. The gravel usually is loosened by
hand-picking or plowing and drag scrapers excavate and pull the
material to the head of the sluiee. In some cases barren soil over the
deposit may be dragged to one side, uncovering the pay dirt. In
others, where some water is available for ground sluicing, the over
burden may be washed off after it }las been loosened by plowing or
harrowing. The gravel often is delivered to a troffirnel at the head of
the sluice for disintegration, washing, and screening out the boulders
or coarse particles before it passes to the sluices.

Tractors are used at a number of places instead of teams for pulling
drag scrapers, greatly increasing the excavating and hauling capacity
of the equipment and reducing the hand labor required for loosening
the ground by picking. .

Another method employs two- or three-drum clutched hoists for
handling drag scrapers. The hoist is set at the receiving hopper or bin
and by means of a pull rope on one drum attached to the front or bail of
the scraper drags the scraper into the gravel and pulls the load to the
bin. A tailor "back-haul" rope on the other drum passes through a
sheave suitably anchored to a mast or deadman and thence to the back
of the scraper and drags the empty scraper back to the pit. By
moving the tail sheave, the scraper can be made to dig from all direc
tions about the h.oist. Various methods are employed for anchoring
the tail slleave; for example, instead of a deadman or an anchor rope
stretched between two deadmen, a heavily weighted car or truck
may be used, which can be moved readily and quickly when it becomes
necessary to change the line of drag. For digging in coarse, bouldery
gravel or in hardpan, a hoe or open-bottom serapeI' is the most efficient
type (considered purely as an excavator) but is liable to drop much of

63 It is reported that a small bucket dredge can be purchased now at a cost as little as that for equipping
the larger dragline plants.

M Works cited in footnote 56 (p. 325).
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the gold en route to the washing plant. On the other hand, although a
closed-bottom scraper will retain the excavated material better, it is an
inefficient digging machine in coarse, rubbly material. Figure 124
shows a typical drag-scraper layout.

A closed-type bucket operating on a slackline cableway may be
employed instead of a drag scraper. The bucket usually is similar to
a toothed drag scraper but has a solid bottom and is hung below a
carrier block by a swinging bail. The carrier block travels on a track
cable between the loading and dumping points. One end of the track
cable is anchored to a deadman or bridle cable and the other is attached
to a tackle block on the end of a tension cable. The tension cable is
reeved through blocks on a mast and then passes to the drum of a hoist.
The carrier with bucket suspended below it runs by gravity on the
inclined tightened track cable to a position above the loading point.
By "slacking off" the track cable the bucket is lowered to the ground.

FIGURE 124.-Typical drag-scraper layout. a, Gin pole; b, head sheave; c, dump box; d, sluice; e, timber
ramp; I, pull cable; (I, boiler liouse; h, 2-drum hoist; i, pit; j, drag scraper; k, tail rope; l, tail sheave; m,
deadmen; n, bedrock drain; 0, I-inch anchor cable.

A drag or inhaul cable, one end of which is attached to the front end of
the bucket and the other to a second hoist drum, is then used to drag
the bucket ahead until it has obtained a load. The tension cable is
then tightened, which raises the track cable and with it the carrier
and bucket, and the inhaul hoist is thrown into gear, carrier and
bucket being pulled back to the dumping point near the mast. With
this type of equipment, gold once in the bucket is retained until the
dump is reached. In addition to the scraper and hoist, masts, and
heavy overhead cables, a carrier and traveler block are required,
increasing the first cost of equipment and the installation cost.
Slackline cableways are not as flexible in operation and are not as
readily moved to enable excavation of the entire area, which is often
irregular in shape.

Table 48 gives some data on placer operations employing scrapers.



TABLE 48.-Data on placer operations using scrapers

Gravel Excavator Haul Washing plant Operating cost per cubic yard

Mine and situation
Depth,

feet Digging Type
Bucket

size,
cubic
feet

Power By-
Dis

tance,
feet

Type

Gravel
washed

per I Exca
hour, vation
cubic
yards

Haul
ing

Wash
ing
and
gold

saving

Pump
ing

Gen
eral Total

-------- 1---1----1 1---1 1---1 ,---,---'----1---1----'----

\fl
~
!;:d
~

>o
t;j

~
;J
H

~
~G.87

0.8 $0.48 (1) $0.46 $0.05 -------- $0.99

2.0 -------- -------- -------- -------- --- - -- -- 1.50

2.5 .40 (1) .17 (4) $0.05 .62

3.8 .39 (1) .17 -------- - - --- - -- .56

7.5 .16 (1) .11 (4) .03 .30
12.0 .160 Ii $0.050 .045 .015 .095 .365

25.0 1 1 1 1 1 1.45-.90

10. 0 . . . . . _

Sluices and 1_._ -- -- - -1--------1--------1--------1--------1--------1 .59
Si~1ce:"c_~~r_e_~~s: _ __ _ __ __ .51

Sluices _

Screen and
sluice.

Shaking box
and sluice.

Grizzly and
sluice.

-- do _

-- - __ do _
_____ do _

Burros Teamandslip 25
scraper.

Horses Truck_________ 23.5

Gasolene Tractor and 300
motor. scraper.

___ do _____ Hoi s tan d 20
scraper.

___ do - do_ ___ 50
Gasolene, Headline and 300

95-hp. hoist.

} {
Hoists and }Steam____ scrapers. -------

.do .. ____ Hositing car 300-400
on incline. (max.)

___ do do _

___ do Scraping to --------L----dO-------- 1
boxes.

3.85

33.75

20.0

no

(8) I Slip scraper
and hoist.

Easy------1 Team and slip
do ~~~ale_r~ _

6
30

16

(3) Loose _____ Tractor and 6. 75
drag scraper.

Easy Hoist and drag 5.4
scraper.

Medium do________ 6.75
Easy Scraper on 27.0

headline.

} I {HOists and {47. 25

15-:: -;:)-_-~~~~~:: __~O~~~~:~·_ ~rgO

Robbins, Utah _

Scott & Case, Nev__

Roberts,OaliL _

Delaney, Wash _

McElroy, B. 0 _
Mammoth Bar,

Oalif.
5 mines at Fair

banks, Alaska.
1 mine, Fairbanks,

Alaska.
Willow Oreek,

Alaska.
Jnnoko, Alaska _

1 Included with excavation.
2 Miles.
a Old tailings pile.
• Included with washing.
I Wages of general mechanic.
G Upper 5 feet hydraulicked off; 3 feet of upper gravel scraped to waste; 5 feet of gravel and 3 feet of schist bedrock scraped and sluiced.
7 Nine feet of overburden ground-sluiced; 7 feet of gravel and soft bedrock scraped and sluiced.
8 Four feet ofoverburden and upper gravel first removed by ground-sluicing for 14 cents per cubic yard; 4 feet of gravel and bedrock then scraped and sluiced.
• Average cost for entire 8 feet, ground sluicing and scraping. Scraping alone cost 1.55 cents per cubic yard.

~
~
~
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Power shovels and dragline excavators.-Both power shovels and
dragline excavators have been used successfully in placer mining
during recent years, and each has its particular field. The digging
element of the power shovel is a dipper attached to a rigid dipper
stick, whicll, together with the hoist rope, thrusts the dipper into the
gravel bank. The dragline excavator is similar in appearance but
usually has a longer boom, and the digging element is a form of drag
scraper having no dipper stick. The scraper is attached, front and
back, by suitable bridles to a rope, one leg of which passes over a
crown pulley on the end of the boom and thence to the hoist drum,
and the other leg to the companion hoist drum. The dragline bucket
then loads itself in the same manner as a drag scraper, but instead of
the load being dragged to the discharge point it is hoisted to the
required dump elevation and may be s~"'ung by revolving the boom
or the entire machine, as the case may be.

Caterpillar mounting generally is elnployed for both shovel and
dragline excavators of the full-revolving type. Dragline excavators
can dig considerably below grade and under water; by means of the
longer boom, tlley can deposit the gravel at a greater distance from
the machine. This type of excavator, therefore, usually is employed
when the \vashing and gold-saving plant is mounted on a float. The
dragline works from the top of the bank, whereas the shovel works
down in the pit. Bulldozers often are used for removal of soil over
burden prior to mining the gravel and for cleanirlg up corners, pushing
gravel up to the shovel, or leveling tailing piles.

Figure 125, A and B) shows typical arrangements using floating
washing and gold-saving plants ("boats"). Figure 125, C, is a plan
of an operation where the gravel is first dug by a power sliovel and
is then picked up by a dredge equipped with a light bucket line.

Where floating plants can be employed, operating costs usually are
lower than with dry-land plants, largely because the disposal of tail
ings is simplified and is cheaper. Figure 126 shows the essential
features of a floating washer and gold-saviIlg plant. In operation, the
excavator discharges the gravel into a hopper on the float, whence it
is fed to a trommel, where it is washed and the boulders are removed
alid then to the sluices or other gold-saving devices. Table 49 presents
data on placer mines employing power excavators wit~ floating wash
ing and gold-saving plants.
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Prickly Pear, Mont _____ 1 8.,.-9

I-::::<:I:~ :r~;ifef~~ e:d-I:_ -<:--:I:>_:::: :::::-1
67

1

70 1Diesel, 120 I----do- ----I 28 x40 x? - --1--- -- ---I Gasoline, 100
hp. 150 hp.

9.5 34 50 DieseL _____

40 50 -----do-- ___

O:(>erating cost per cubic yard

Kind

Operating
time per

day,
hours Excava

tion

Men employed per day

Washing I General Total

Gravel
dug and
washed I Waterman-' consumed Cost of
hours per I !!liner's ,I pla~t and

cubic Inches equIpment

yard

Excava
tion

General
Washing I and mis

cellaneous
Total

--------------------1----1----1----1----1----1----1----\-----1---- 1----1----,----

U2
d
~
~

>o
t?:J

~

~
~o

2$0.10
.11

3 .12
4.12

5.111
.092
.108
.150

9.090
1°.090
1°.090
1°.110
13.055
13.100

.125
14.18

.25
16.30

.118

.0653
.014
.0067

.030

$0.015
.021
.038

,150
.067
.0240

.030

:g~65 1----.-010--

$0.056
.038
.037

.0275

.040

.150

.037

.0346

.030

$0.040
.033
.033

35
40

$37,500
47,000

427,000
34,500

6 100,000
40,000
40,000
60,000

?
43,600
52,800

12 10,000
50,000

~~ 1- ----~~~~~ -I ==========I==========I==========

100
40

100
20

Lynx Oreek__ _ __ __ 18.0 12 12 6 30 o. 106 , I I 1 1 _

Fay- - - - - - - - - ______________________________________ 15. 25 4 3 __________ 7 . 041
Consuelo__________________________________________ 20.5 6 5 11 .086
RichteL__________________________________________ 19.0 6 5 1 12 .065

~~~~:~~:F;\~~~~~~~~~~+~---~_~-~(:~_==_--i~i- ~ ~ t I~ ----j!!-I---87~~-
Carlson-Sandburg_________________________________ 19 7 5 3 15 .040
Olson_____________________________________________ 18 7 4 2 13 .035
Collins____________________________________________ 19 5 6 5 16 .084
Folsom___________________________________________ 15 2 5 7 .041
Lilly_ __ _ ___ _ __ 21. 5 7 5 __ __ 12 .035
Schwegler_________________________________________ 19 6 5 1 12 .051
Cooley __ -- - _ _ 20 6 5 1 12 .080

~~;~r~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~ ~ ~ ~ ~~ :~::~:::: :=::: :::~: :=:=:=:~~: ;;;;;;;;~; :=::::: ~~: :=:=:~~~:I:;;;;; ~~;I ~~~~~~ ~~~~~ ~I-- --------, ----------,-------- --
1 Data abstracted from Inf. Circ. 7013, except where otherwise noted.
I Includes all labor, $0.05; power, $0.02; and other costs, including depreciation, $0.02;

but excludes royalties.
3 Includes depreciation over a 4-year period but not owner's wages.
~ Excludes wages of owner and two sons.
6 Does not include depreciation on equipment.
6 Includes cost of two light draglines that could not be used.
7 Magee, James F., A Successful Dragline Dredge: Trans. Am. Inst. Min. and Met.

Eng., vol. 126, 1937, pp. 180-196.
a Gallons per cubic yard.
o Based on handling 4,000 cubic yards per day, including depreciation.

10 Includes depreciation but not royalties.
11 Gravel is dug and cast aside with gasoline shovel and is picked up and washed by a

light bucket-line floating dredge.
12 Boat only.
13 Owner's wages not included.
14 Estimated for first 6 weeks' operation and includes preliminary nonrecurring ex-

penditures.
15 12 feet gravel left unmined on bedrock as it was too deep to handle with dragline.
16 Includes 5 to 7 cents depreciation.
17 Magee, James F., Dragline Dredging: Trans. Canadian Inst. Min. and Met., vol. 40,

1937, pp. 117-125.
~
~
c:.n
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Land plants are of varied design and are not standardized. They
are of two general types, however-movable and stationary. Movable
plants may be mounted on caterpillars, on a wheeled chassis running
on tracks, or on wide, flat wheels that may be self-propelled or may be
towed by the excavating machine. A semiportable type is mounted
on skids. When movable plants are used, tIle disposal of tailings is
facilitated, as the plant follows the excavator and can discharge the
tailings into the worked-out part of the pit. With stationary plants
it is necessary to provide auxiliary equipment for removing and dis
posing of the tailings, introducing an additional item of operating
expense. The essential elements of a movable washing and gold-saving
plant (fig. 127) are the chassis and means of locomotion and frame-

A - TROMMEL AND RIFFLE SLUICE

B- TROMMEL AND CENTRIFUGAL BOWLS

FIGURE 127.-Essential elements of movable dry-land washing and gold-saving plant.

work to support the equiplnent. The equipment consists of a washer,
which is usually a trommel screen, power unit (for operating pumps),
pumps, gold-saving equipment, and rock stacker. The gold-saving
equipment may consist of riffled sluiceboxes, power rockers, centrif
ugal gold savers, or similar equipment. Figure 128 illustrates two
general plans of operation using movable dry-land washing plants.

Stationary land plants are similar to movable land plants with
respect to washing equipment and differ from them mainly in their
lack of mobility and in the method of disposing of the tailings. Usually
they are elnployed where water is scarce and frequently require a
pumping plant for delivering wash water through pipe lines from wells
or other sources of supply. They can be of more rugged construction
than movable plants, are cheaper to build, and can be so situated as
to take advantage of natural sites suitable for stacking the tailings.
l'hey have the additional advantage that wash water can be kept out
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of the pit where the excavator is working and the bedrock is thus
exposed and can be cleaned more easily and thoroughly. Because of
the high-operating cost, their use is restricted to mining of higher-

-'
~i

~i
- I

- I Spoil rock
- I and sand- ,
::1

-.=.:
-/

~~ --
=~--" / /
:.; "" //
~ Pit ---'--- -~---~,---

A

1(-------120feet---~.......-~

B

FIGURE 128.-Typical set-ups for movable, dry-land washers.

Stationary washing plant.
trommel. and rock·reject bin

Pump

I,
Riffle boxes

Ramp

Hopper and bin

Sand and slime line I /

_""\I/~~

~/~~- B

FIGURE 129.-Typical set-ups for stationary washing plants.

grade deposits. Figure 129 shows typical set-ups for stationary
plants. Table 50 presents data on placer operations employing dry
land plants.



TABLE 5Q.-Data on placer mines using power excavators with dry-land washing plants ~
~
00

Gravel and over- Bedrock Excavators I Hauling gravel I Washing and gold-saving plantburden

Average rd' ~
+J

Q:I :0 Q:I

depth, feet ::;:j .e::
~ ~

Mine and situation ..... (/.) i +J
Q:I

S~ a.J+J .e::NQ;i M
M Digging Kind ~ Type ·oo.e:: ~ Power By- Q)~ Mounting Equipment I Power
~ ..r::l.S +J ~ ~.s.

~ .+oJ Q) S ~

0. t> 0. ~
~J-o ~ I Q:I

I~
0

+J d Q
0

~w. ~

~
Skeels, CaliL ___________ I o I 8-12 I Easy----1 Granite ___ 1 8 I ShoveL _____ 1 34 1 ____ 1 Gasoline ______ 1 None ___ I ______ I Movable steel Trommel, 4 Diesel, 44 hp. tr

t-
frame on cat- centrifugal ~erpillars. bowls. t

Pantle, CaliL___________ 11O-12 118-20 1---dO- - - -1---dO- - - - --I 241 Dragline ____ !27 I 50 I Diesel, 85 hP_I_dO __ -r-I--dO-- ------
_____ do ________ Electric, 38 hp. I

Pan-Due, 0010_________ 0 20 ___ do _______ do ______ 24 ShoveL _____ 34 22 Gasoline, 100 ___ do __________ Movable steel _____ do _______ Gas 0 li n e, 80 ~
hp. frame on R. hp. I-

R. car trucks. ~

Fairplay, 0010__________ 1 3 I ? I---do----l ?- _________ I ? I Dragline __ --I 34 I 50 I DieseL___________ do__________ Movable steel Trommel and Gasoline. ~

frame on sluice. ~

wheels.
Blackhawk, 0010 _______ 1 01 26 1___ do ___ -1 ____ -- ------1 12-15 I ShoveL ______ 1 34 I 23 I Gasoline, 150 1---dO----I------1 Movable, s~eel Trommel and Electric.

hp. on d ragl1ne sluice, and
chassis. Wilfley ta-

Humphreys, 0010------1------1 15 I---do----I Granite I ble.

1+ Ie draglines_ 67 50 _____ do ________ {MOVable, on cat- T r o. ill m e I'I}Gasoline, 480schist. 1 shoveL ____ 34 22 Diesel, 130 hp_ }__ dO ____ ------ erpillar-trac- sluIces cor- hp
tor chassis. duroy tables. .

Dixie, Idaho ___________ -1 101 131 ___ do ___ -1 ___ do ______ 6-12 Dragline ____ 20 45 Gasoline ______ ___ do ____ ------ Movable, on T rom mel Gas 0 1in e, 34
wheels on tim- sluices. hp.

Humphreys, Mont. 8__ --I rdraglines __ 67 50 Electric, 100 ber track.
01 17 I___ do ___ -' Volcanic I

6 11 shoveL ____
hp.

}__dO ____
{MOVable, on 3-}

ash. 47 ? Electric, 75 tractor chassis do {E 1e c t ric, 710
hp. ------ with caterpil- ----- -------- hp.

Eldorado, MonL ------ _1.12-131
~~ I:::~o_-_ -1~~~~~~~dt::::I~r~:~~~::::1 :

lar treads.

1---1------------
___ do ____ Movable, on 8 _____do ________ Gasoline, 24.5

Hallett, N. Mex ______ -- 2-6
wheels. hp.

____ FueloiL ______ __ do ____ Movable, on Trommel Gas oline, 65
wheels on and 4 cen- hp.
wooden trifugal

Jett-Ross, Wyo_______ --12-121
stringers. bowls.

2--81 Loose tol Schi s t'l 24--60 1_ - - - -do - - - - -_1 34 150 I Oil burner" 0-------1------1 Movable, wood Grizzly and

Fisher, WyO____________ 3
tight. diorite. 125 hp. frame on skids. sluices.

10 Easy_______ do ______ 18-24 _____ do ______ 34 60 Fuel oiL ______ 0______________ Movable, wheels T rom mel I Gas 0 1in e, 100
on rails. and sluice. hp.



----I-----do--------I Derrick_I 13 351-----dO----------I-----dO--------1 Do._________do - Trucks__ 600 Steel frame do_ ___ Electric, 60 hp.
_______________________ do 5,000 Wooden frame do Gasoline.

27j dO I· 1 None 1-----dO------110
25 - __ do Tuff Few ----_do 20
4 Easy GraveL do 17

90 I do 1 do -- --I

2-3 I ShoveL -1 13.51 -1 Gasoline, 65 'I Truck 11,500 I s ta t ion a r y
hp. wooden frame.

Do.

Gasoline.

4-cylinder gas
oline engine.

Trommel. 1
centrifugal
bowl.

Trommel
sluices.

400 I do6-10 '- do -1 13.51 35 I Gasoline 1 Two 3-
cubic
yard
trucks.

18-24 1 do J 34 I 21 I do -' 5 trucks_

10 I Hard -' Conglom-
erate.

40 I do -' Serpen-
tine.

15 1 do J Granite _

Ash Canyon, Ariz .. _

Chittendon, CaliL -' 0

Von der Hellen, CaliL _. _I 0-12

Guerin, CaliL __ 0
La Grange, CaliL .. _ 0
Rhyolite. Nev 10

------------1----1----1----1----1----1----1----1----'----1----'----,----,----,----

U2
~

~
>o
trj

~
H

~
H

~
~

1 $0.160
14.080

1.200
.460

5.250
.250

7.075
1.118
.110

1.250
10.085
1°.119
4.130

11.700
12.150

.350
14.250
10.162
15.760

TotalGeneral
Power

and sup
plies

Operating cost per cubic yard

Labor
and

super
vision

264,795
147,000 '-----:~n----:~n----:~f

Cost of
plant
and

equip
ment

9 24, 480 1_ ---------1- ---------1- ---------

__~~~_ :::::~o~~: :::::~ ~~~: :::::~~~-'{

1,100
580

6600
1,400
6420

1, 800 1~5: ggg I-----::-I-----:~:-I-----:~~-
1, 600 1_ _________ . 250 . 230 . 280

3,200
450

670

1,200
2,000

Water,
gallons

per
cubic
yard

.286

.096
?
.053

?
?

.075
?

11 1. 060

.139

.210

.367

.080

.500

71 0.
109

1 670 1----------1 $0.
063

1 $0.0977 .090 -- -- -- 3 $12,000 ---------- 1 _
9 .103 480 _
9 1 - _ - - -- .200 .160 .100

16
26
7

32
9

10
14
17
4

5
28
2
5
5

Total

2
6

o
o
o
3
5
3
2
5
1
1
o
o

General
and

miscel
laneous

5
5
7
4
9

15
2
9
6
5
8

11

Hauling I Washing

Men employed, number per day

Excava
tion

2 0
2 0
2 0
2 0
2 0
8 0
3 0

18 0
2 0
4 0
6 0
6 0
1 3

1 2

4 10 I 81 0 1
1 2 2

_________________ ""' __ ---------_1----------

Opera
ting
time
per

day,
hours

Gravel
washed

per
hour,
cubic
yards

Washing Iand gold-I
saving plants

Gravel
dug and

----,---- I 1 washed,
man
hours

per
cubic
yard

Mine and situation

Skeels, CaliL 40 12.8
Pantle, CaliL__________________ 2 100 16.0
Pan-Due, Colo .____ 50 14.0
Fairplay, Colo_________________ 20 ?
Blackhawk, Colo______________ 70 8.0
Humphreys, Colo_____________ 180 15.0
Dixie, Idaho___________________ ? 10.0
Humphreys, Mont.s_ 240 20.0
Eldorado, MonL _
Hallett, N. Mex_ 37
Jett-Ross, Wyo________________ 75 20
Fisher, Wyo___________________ 73 ?

Ash Canyon, Ariz_____________ 4.5 7

Chittendon, CaliL_____________ 40 9
Von der Hellen, CaliL_________ 75 16
Guerin, CaliL_ 7 7
La Grange, CaliL __ 62 8
Rhyolite, Nev_________________ 10 12

1 Excluding depreciation and royalties.
2 Includes stripping.
3 Washing and gold-saving plant only.
i Based on total yardage (stripping and gravel).
6 When running 40 percent of time.
S Gallons per minute.
7 Excluding income taxI, depreciation, and royalties.
8 Corry, Arthur V., Dragline Installation for Recovering Gold at Virginia City, Mont.:

Min. and Met., October 1936, pp. 467-470.

~ Not including dragline.
10 After depreciation.
11 Based on yardage washed.
12 Excluding time of 2 owners, repairs and depreciation.
13 Ve-rticallift.
14 Excluding wages of 2 owners.
16 Includes plant rental, stripping cost, and royalties. ~

~
~



DREDGING

In 1936, 66 percent of the total gold recovered from 1'-

United States (Philippine Islands and Puerto Rico exclucteu)
produced by floating dredges of the connected-bucket-Iadder type.
In 1935 the percentage was 67.11.65 In 1936 there were 38 dredges
operating in Alaska, 45 in California, 12 in Idaho, 5 in Oregon, 2 in
Montana, and 1 in Colorado, a total of 103. These dredges recovered
in that year 605,307 fine ounces of gold.

Earlier publications of the Bureau of Mines discuss gold dredging
in detail. 66

Dredging is adapted to large, thick deposits containing enough pay
gravel (usually low-grade) to warrant the large initial investment
required for testing the ground and for purchasing and erecting dredg
ing equipment. Character of gravel and bedrock and the topography
must be suitable, and enough water must be available to float the
dredge and wash the gravel.

Dredges are not suitable for mining in canyons or narrow valleys
where flood waters are likely to ensue after heavy rains or following
rapid melting of snow, since such occurrences may result in serious
damage to the equipment or in its total loss. Gravel containing many
large boulders also is unsuited to dredge operation. The gravel should
be tight enough to hold water in the pond without excessive seepage.
The most successful dredging operations have usually been in the
wide, lower river valleys.

The essential parts of a dredge cOlllprise a hull, a digging-ladder
assembly with bucket line and tumblers, screen, sluice boxes and
riffles or tables (and sometimes other gold-saving equipment, such as
jigs), a stacker for disposal of the screen oversize, pumps, lines and
spuds to hold the boat in position while digging and for moving up the
dredge, and the necessary power equipment and drive engines or
motors. Figure 130 shows the Lancha Plana dredge, EI Oro Nb. 3
mine,67 in plan and elevation.

The buckets range in capacity from about 2}~ or 3 cubic feet each
on the smaller dredges to 18 cubic feet on the largest. During 1932 the
average depth of gravel dredged at a number of operations was 35 feet,
and dredges are in operation that dig 82 feet belo"'T water; a dredge
having a digging depth of 110 feet and an estimated capacity of
15,000 cubic yards per day was built in 1934.68 Late in 1938 a new
dredge was under construction 69 in the Hammonton field, California,
equipped with 18-cubic-foot buckets and designed to dig 115 feet
below water line against a 40-foot bank. The hull, 80 by 250 feet,
weighs 1,800 tons.

Table 51 gives data on a number of dredges.
66 Henderson, Chas. W., and Dunlop, J. P., Gold and Silver: Bureau of Mines Minerals Yearbook 1937,

p.136.
00 Jennings, Hennen, The History and Development of Gold Dredging in Montana: Bureau of Mines

Bull. 121, 1916,63 pp.; Janin, Oharles, Gold Dredging in the United States: Bureau of Mines Bull. 127, 1918,
226 pp.; Ash, S. H., Safety Practices in Oalifornia Gold Dredging: Bureau of Mines Bull. 352, 1932, 31 pp.;
Gardner, E. D., and Johnson, O. H., Placer Mining in the Western United States. Part III. Dredging and
Other Forms of Mechanical Handling of Gravel, and Drift Mining: Bureau of Mines Inf. Oire. 6788, 1935,
81 pp.

67 Patmon, Charles G., Methods and Costs of Dredging Auriferous Gravels at Lancha Plana, Amador
County, Calif.: Bureau of Mines Inf. Circ. 6659, 1932, 16 pp.

68 The Mining Jour., Arizona, Feb. 28, 1934, p. 19.
69 Eng. and Min. Jour., September 1938, p. 62.



FIGURE 130.-Lancha Plana dredge, El Oro No.3 mine.
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TABLE 51.-Data on typical gold dredges

Digging ladder Gold saving

~
~

PI
on

Slope of
tables,

inches per
foot

Total
table
area,

square
feet

Water
1-----------1 pumped

on
dredge,
gallons

per
minute

Screens,
length X
diameter,

feet
Size of I Number

buckets, of buckets
cubic feet in line

Maxi
mum

digging
depth,
feet 1

Draft

Hull

Dimensions, feet

Length I Width I Depth

Construc
tion

Dredging company and situation

------------1----1----1----1---1---1··--·----1----1------~I------I-----'---------I-----

- - - - - -------- --------i:25- ----7:500-1-- - - --60 36.5X6 2,000
82 33 X6 2,000 1. 375 3,500
78 - - - - ---------- ---------- -------------- - - ---- -- -- ------_.
67

- - - - ---------- -- ---- - - -- - - -- ------ - - -- - - -------- --------
101 -------------- ---------- - - - ------- - - -- - - ------ -- ---------
98 -------------- - - - ------- - - --
83 ------------- 5,000 - - - --------- -- ---------- ---- -- - - _.
72 30.5X6 1.5 6,200 37{)
73 30 X6 1,300 -------------- 440

342 15 X5 • 360 .75 7,500 400

35 X9 9,000 -------------- ---------- 850
850

--- ----------1: 5 ----4;700- 850
95 40 X6 1,300 400
46 30 X4.67 1,000 1.0 130
65 25 X4.5 870 ------------- 4,000 11170
75 18 X5 2,000 1.5 0180
77 36 X6 1, ~OO 1. 25 295

93 44.6X8 4,535 1. 25 and 178 5,500 749
104 44.6X8 4,535 1. 25 and. 178 5,500 749
78 43.5X6 2, 12511. 25 and IVa 4,000 489
78 43.5X6 2, 125 1. 25 and 1% 4,000 489
68 36.2X6 1,460 1. 25 and 178 4,000 424
75 30 X5 (8) (8) 365
84 28 X5 Jigs and ~luices 163

76 28 X5 Jigs and sluices 320

18
10

6
8.5

15
11
9

15
7
7.5

11

14
14
14
7
2.5
3
3.5
6

10
10
6
6
6
4
2.5

70
30
54
35
40
60
60
60
38
41. 5

79
82
69
65
18
35
32
36

10

40

40
40
30

133
80
70

Capital, CaliL SteeL _
La Grange, CaliL _ ___ 104 44.5 9.5 _
Lancha Plana, CaliL Wood____ 98.5 41 7 5
Natomas No.2, CaliL do -- - ----- __ .

No.4 Steel -- - --- _
No. 5 Wood --- _
No. 7_____________________________ Steel_ _____ __________ _ - ________ _ _
No. 8 do------- -- _

Placer Development Co., CaliL Wood_____ 100 43 9 8
Shasta Butte, Calit SteeL_____ -- -- _
Trinity, CaliL _____________________ Wood _____ 107 48 7. 3
Yuba, Oalif.:

No. 14 _
No. 15 _
No. 19__________________________ _ , , , . _

Oontinental, 0010_ _ Wood _
American, Idaho do _
Crooked River, Idaho do _
Idaho, Idaho_ _ ______ ____ ____ _do , --, _
Empire, Oreg - do _
Fairbanks Exploration Co.. Alaska:

No.2 ------------ --------------- steeL 1 128 I 60 I 12 99' 05 1 ~ 48

~~~ ~=========================-=== =-~~=======I i6~ I ~~ I 1~ 6: 8

1

7 ~~No. 6 do_______ 108 60 9 6.4 736
No.8 do_______ 99 50 10.5 7.7 728

Fisher & Baumhoff, Idaho (2dredges)_ Wood - _ _
Fisher & Baumhoff, Granite Oreek, SteeL -- _

Idaho.
Fisher & Baumhoff, Oenterville, Idaho do 1 --. • , , __ - --

1 Below water.
2 Electric power unless otherwise noted.
3 Open-connected line.
• 90 feet of 4-foot sluice lined with angle-iron riffles.

[) Diesel engine.
6 Steam engines.
7Depth under water actually dug.
8 12 Pan-American jigs in series with two 16-inch by 42-foot sluices.
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Because of their large capacity and the relatively small amount of
labor required for operation, very low-grade gravel can be worked
profitably under conditions favorable for dredge operation.

Cost oj dredges.-The following statement regarding the cost of
dredges is taken from a letter to the. Bureau of Mines by L. D. Hop
field, department manager of the Natomas Co.:

Dredges are built in various sizes from 27~ to 18 cubic feet of bucket capacity
and designed to dig from 12 to 80 feet below water level. The cost ranges from
$50,000 to $500,000 depending upon the capacity and design.

A dredge with 67~-cubic-foot buckets, recently built in California, with steel
hull and wooden superstructure, designed to dig 25 feet below water level, cost
approximately $140,000. A 10-cubic-foot-capacity dredge designed to dig 40
feet below water level costs from $250,000 to $275,000. A 15- or 18-cubic-foot
capacity dredge that will dig 60 to 80 feet below water level is estimated to cost
between $450,000 and $500,000. These figures do not include the cost of land,
camp buildings, roads, or freight.

A 200-ton steel hull for a 7}~-cubic-foot dredge cost $19,000 in 1929.
The 9-cubic-foot, flume-type Madrona dredge in Trinity County,
Calif., was reported to cost $150,000, being made partly from salvaged
material. 70

Operating costs.-Table 52 presents operating data, including costs,
on a number of gold-dredging operations.

According to Gardner and Johnson,71 the average operating cost
per cubic yard (taxes, insurance, and capital charges excluded) for 75
percent of the California yardage and 50 percent of the yardage of the
other States in 1931 was 5.1 cents; the range was from 4 to 12 cents.
These figures are based on a total of 36,000,000 cubic yards.

70 Eng. and Min. Jour., vol. 124, July 9,1927, p. 62.
71 Gardner, E. D., and Johnson, C. H., Work cited in footnote 66 (p. 350).



TABLE 52.-0perating data on gold-dredging operations ~
C)l
~

Averagp operat
ing time per

day
Operating cost per cubic yard

Dredge and year

Gravel

Nature
Average
depth,

feet

Average
monthly
yardage
handled

Hours Min
utes

Man
hours
labor
per

cubic
yard

Power
con-

sump- I __I j

tion. i I Generali Pros-
kw.-hr. Lahor Sup- ,?perat-l p.ect-pe~ I and I Power I plies ,mg cx- lIngCUbIC super- i pense

yard vision I

Over
head 1

Total

~
trJ
H

~
I

~
H

~
H

~o
I-dr;
o
H
H

o
t;j

.1415

.0758

.070

.100

.062
11.045

$0.038

.147

(2)

3$0.001

.023

(2)

(3)

(2)

$0.002

.011

.040
.010
.015

.019

$0.007 1$0.010

.020 .042

.014 .008

.

017

1 .

006

1

(2) (10)

.0600 .006.1 .0199 .0166 (2) .0385

.0143 .0075 .0166 .0012 (2)
.
0362

1

.022

.040

.045
.7

1.1

1.5

O. 80 1$0. 018

1. 88 .051

. 027

.031

0.042

40

45

00

30

on I .039
00 .038
30 I • 042 I - - - - - - - - I - - - - - - - - I - - - - - -
00 , , _

20

20

20
22
20
21

20

18

217,000

63,500

42,500

133,000

100,000
900,000
122.000

50,000
75,000
75,000

9 120. 000

2:~

23

152,000 20 40 14.016 .013 .017 (007 (3) (3) .053
271,000 20 29 4.011 .010 .013 4.004 (2) (2) .038
147,000 18 32 4.020 .015 .031 4.007 (2) (2) .073
177.000 20 32 . . __ 4.016 .014 .018 4.005 (2) (3) .053
237,000 20 25 4.014 .014 .019 4.005 (3) (2) .052
259,000 20 27 . 4.011 .013 .017 4.004 (2) • (2) .045

i-I, 24~OOO~II--20- ---11~==~_~. 014- ~13--li-~18- 4. 005-11
--(2-)- c;) -~050

I=====--==-·=======_:-_-=-:=---=-~========
3,> I 100, 000 20 40 . 036 . _____ _I . 029 . 014 I .032 • 0003 I (') '. 0044 . 0797

130.000 18 00 .024 4.019 .010 .008 4.009 i $0.008 (4) .062

~======I====~=~~II================ ~:g~~. 018 . 0043 . 0013 3. 0024 . 067
i

0.020
(7)

40

30
28
50
36
58
51

30

15
20
24
20

2f>
54,58,74

Loose, no clay, 5 per
cent boulders.

Medium tight, 20 per
cent clay and loam.

La Grange, Calif., 1932 _

Lancha Plana, CaliL _

Natomas, Calif, 1932:

H~: ~::::::::::::::::::::::::::::I:::::::::::::: •• _. :
H~: ~6::::::::::::::::••::::::: :1=:::::::::::::::::::::::

PlacerT~:~e::;::::~:.-, -~~;if., 19~2 ·I-~~(~~~~,--;e~--~~~-l~-e-r~-_,-I
little clay.

Shasta Butte, Calif, 1932_ ________ _ Fair digging, SOBle
clay and hard gravel.

Trinity, CaliL, 1932 __ --------------- -- --- I
Yuba, Nos. 14, 1.5, 19, Cali!., 1932 _
Continental, Colo., 1932___________ _ SOlne boulders all (1

clay.
American, Idaho, 1932 No boulder~ or clay_
Idaho, Idaho, 1932 _

~f~~:e& ~:~~;1~~3~. \.\~arn~n~ Ydaho~ -I-jiew- i>-o-tilders 8~ ~ ~ ~ _
1937. .

Fisher & Bauluhoff, Uranite Cre('k, i 80-85 percent sand awl
Idaho, 1937. I fine gravel.

Fisher & Baumhoff, Centerville,! do _
Idaho, 1937.

1 Taxes, insurance, and deferred capital charges.
2 Excluded.
3 Taxes and insurance only.
4 Supervisior, included with "General."
5 Exclwling only deprecbtion and jeplction.
C Excluding taxes, insurance. and administrative expense.

7 Included with labor.
8 15 to 20 feet of top soil on one side of valley.
02 dredges.
10 General overhead including salaries and taxes included witt! "General operating

expense."
11 Depreciation and depletion 2 to 2% cents additional.
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Accordillg to Janin,72 similar costs in 1914, based on 70,000,000
cubic yards, ranged from 2.65 to 5.3 cents and averaged 4.2 cents
(wages were about 30 percent higher in 1931 than in 1914).

Costs in Alaska are much higher due to higher wage rates and costs
for transportation of equipment and supplies, the short dredging
season, a,nd the cost of supplyin.g water for dredging and cold-water
thawing. According to "Timmler,73 operating costs (exclusive of de
preciation, depletion, royalty, interest, and other capital charges) are
15 to 35 cents per cubic yard. The following is abstracted from de
ductions made by Wimmler from incomplete data supplied by oper
ators of 11 dredges runniIlg under a wide range of conditions on Seward
Peninsula in 1921. The 11 dredges dug 1,323,500 cubic yards, 740,000
cubic yards of which was handled by 3 dredges. The operating costs
were 15 to 38 cents per cubic yard, averaging 21.6 cents, and the total

ijJ2 sets rifflos.
16 inches wide by

.2 fer long

Sand traps

~
Elevator

,
Retort

",Furnace

Overf tow

Overflow

8ucket line,
TrOClllllet, 5- by 30-foot.

3/8-inch openings

r-----~~-~ ~--~
~ Stacker

G Pan-Amer lean j Ig$,"2- by ~2-lnch

Amalgamating barret,
t '/2- by ..-foot
~ ill A..alga..

I Pan-AtHr leAn jig.
1'2- by 12- inch

~~
Dredge pond

FIGURE 131.-Flow sheet of Warren Creek dredge, Idaho, using jigs.

amount of invested capital was about $590,000. The low capital cost
was due to the fact that a number of the dredges were second-hand
and acquired for nominal sums. Depreciation on equipment aver
aged 4.64 cents per yard and interest at 6 percent, 2.67 cents, a total
of 7.31 cents. The estimate does not include cost of land royalties.
The number of working days per dredge was 75 to 129 for the season
and averaged about 100 days.

No recent data on dredging costs in Alaska are available to the
authors.

Gold saving.-Most of the dredges in the Western States use riffled
tables or sluices for saving· the gold; some employ jigs, also (see flow
sheet, fig. 131). Quicksilver is almost always used to collect the gold
in th.e upper end of the table circuit. Clean-ups usually are made

72 Janin, Charles, Work cited in footnote {56, p. 325.
73 Wimmler, .Norman L., Placer-Mining Methods and Costs in Alaska: Bureau of Mines Bull. 259, 1927r

236 pp. .



356 METAL-MINING PRACTICE

periodically-once a week or 10 days-dredging then ceases and the
idle time is used to good advantage for making necessary repairs.

Experienced dredge operators estimate that 60 to 90 percent of the
gold contained in the deposits is recovered, although until recently, at
least, it is doubtful if ma,ny estimates covering long periods have been
made on the basis of careful sampling of the tailing. Excavating is
done under water, and unless care is taken to dig well into the frac
tured and disintegrated bedrock, much gold will be lost there. Clay
is troublesome in dredging and if present in the gravel in considerable
quantities may carry a good deal of gold into the tailing. The use of
jigs for saving fine or rusty gold that will not amalgamate readily has
increased rapidly in recent years. They also serve a useful purpose
when placed ahead of the sluices in removing heavy black sands that
tend to pack behind and blind the riffles.

A discussion by P. Malozemoff of jigging as applied to gold dredging
was published recently.74

Suction dredges with or without cutter attachments have failed
repeatedly to be successful in raising more than a small percentage of
the gold in placer deposits, although they have a large volumetric
capacity in favorable material. (A suction dredge for Panama Canal
service is reported to have a capacity of 500 to 1,000 cubic yards per
hour.)

OPEN -PIT MINING

Open-pit methods are applicable to mining ore deposits that apex
at or near the surface. If the deposit apexes below the surface, the
overburden and barren capping overlying the ore must be removed in
advance of open-pit mining. The removal of this material is known
as stripping.

The stripping-pit limits must be extended beyond the limits of the
ore pit to provide a bench, and the pit-wall slopes must be such as to
prevent sloughing of overburden onto the ore area. Where the ore is
to be hauled from the pit by locomotive or trucks, additional excava
tion is required to provide an approach on a grade suitable for haulage
purposes. The cost of this preparatory work is obviously a charge
against the cost of mining the ore, each ton of which must bear its
proportionate share. As the stripping-ore ratio (volume or tons of
overburden and capping to tons of ore made available for open-pit
~ining) increases, obviously the cost of stripping per ton of ore
Increases.

The question of whether to mine by open-pit or underground
methods is an economic one. The economic limit for open-pit mining
is reached when the preparatory and stripping costs per ton of ore
plus the open-pit mining cost per ton of ore plus the cost of equip
ment, interest, and amortization charges equal the cost per ton by
mining underground plus equipment and development cost and
interest and amortization charges.

The stripping-ore ratio is a basic factor used for determining whether
to employ open-pit or underground methods and for determining the
economic limits of open-pit mining.

Other factors influencing the choice between open-pit and under
ground methods may be inferred from the advantages and disad-

U Malozemoff, P., Jigging Applied to Gold Dredging: Eng. and Min. Jour., vol. 138, No.9, September
1937, pp. 34-37.
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vantages of open-pit mining, some of which are listed below. In
specific instances consideration of these may affect the choice of
method or result in revision of pit limits established by cost estimates
based upon stripping-ore ratios.

Among the advantages of open-pit mining are its flexibility, the
ability to obtain mass production with it, and the ease with which
rate of production can be increased or decreased once the pit has been
developed fully; small shut-down expense; the ability to mine selec
tively to meet requirements for certain grades of ore (except in glory
hole or milling pits); complete extraction of the ore inside the pit
limits (except as limited by ore benches for haulage tracks and main
tenance of safe pit slopes, but this ore can usually be recovered finally
by employing special clean-up methods); comparatively small num
ber of men employed, a large proportion of whom are skilled labor
in mechanized operations; and elimination of hazards inherent in
underground mining operations.

On the other hand, certain disadvantages may outweigh the advan
tages and affect direct economic considerations in some instances.
Thus, large open-pit operations involve heavy capital outlay for equip
ment, and where the amount of overburden to be removed is extensive,
correspondingly high capital expenditure is required for stripping.
This capital is nonproductive until ore mining is begun, and during
the stripping period heavy interest charges often accumulate. The
time elapsing before production begins may in itself be a serious dis
advantage, especially if exploitation is undertaken at a time when ore
prices are favorable and the demand for ore is strong. Disposal of
the waste from stripping operations sometimes occasions a serious
problem, especially when the terrane is flat or where exorbitant prices
must be paid for dump area near the mine. Climatic conditions may
limit the operation to being seasonal and necessitate cessation of
operations during certain months, and in areas where torrential rains
are prevalent frequent flooding of the pit may be a serious obstacle to
pit mining.

Simple forms of opell-pit ore mining include excavation and loading
of overburden and ore by hand into wagons or trucks and excavation
and removal of overburden and ore by means of animal-drawn slip or
drag scrapers. Such methods are applicable to deposits that are too
small to warrant capital investment in mechanical equipment and
will not be discussed.

Methods in which "bulldozers" are employed for removal of soil
and overburden supplemented by the use of power-operated drag
scrapers for excavating (with or without previous preparation by
drilling and blasting) are applicable to somewhat larger deposits and
will receive some further mention.

Overhead slackline cableways are used extensively in quarries, for
sand and gravel excavation, and for other purposes but are not used
very extensively for ore mining in this country. This kind of work
has been discussed by Thoenen 75 in relation to sand and gravel exca
vation in an earlier Bureau of Mines publication. Discussion in this
bulletin is limited to two principal forms of open-pit mining-glory
hole or milling and power-shovel and dragline mining.

75 Thoenen, J. R., Sand and Gravel Excavation. Part 2. Power Scraper, Slackline Cableway Excavator,
and Hydraulic Giant: Bureau of Mines Int. Oirc. 6814, 1934, 95 pp.
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GLORY-HOLE OR "MILLING-PIT" MINING

In glory-hole mining the ore is broken down around one or more
raises or mill holes extending upward from an underground haulage
way driven below the ore or beneath the ultimate bottom of the glory
hole or pit. The pit is thus in the form of an inverted cone or a series
of cones the rims of which finally intersect, and the ultimate rim of the
pit will conform in shape to the outlines of the ore body or of that
portion of the ore body that is to be mined by this method. The
sides of the pit sloping toward the mill hole or raise often are mined
in naTro'\\;~ benches, the broken ore being blasted into the pit, whence
it is dra\vn off through the mill holes into cars and tramrned or hoisted
to the surface. When the slopes of the pit become too flat for the ore
to run into the mill 110les it becomes necessary to use drag scrapers or
other means to transfer it.

The glory-hole Illethod has been used extensively for lllining rela
tively small pipe- or wedge-shaped ore bodies or the upper parts of
bodies that apex at or near the surface, and for mining the ore remain
ing in track benches and in the bottom of power-shovel pits below the
elevation \\~here locomotive haulage becornes uneconomical because
of adverse track grades. Some stripping of loose overburden or
barren cap rock lllay have to be done before glory-hole mining can
be started, possibly by the use of scrapers, dragline excavators, or
po\\rer shovels, by hydraulicking, or by glory-holing.

The cost of equiprnent for glory-hole mining usually is much less
than for power-shovel work, and for relatively sIllall-scale operations
the production cost Inay be less. For large-scale operations, rnining
by po,\~er shovel usually is cheaper. Glory-hole ,,~ork is not well
adapted to selective mining as all Inaterial within the pit lllUSt be
blasted do'\\;~n into the mills. Thus, lean ore or waste inclusions within
the ore can be taken out and disposed of separately only if the ore is
first cleaned fronl the slopes and bottom of the pit and the Jnill holes
emptied) and then the pit is cleaned and mill holes are emptied again
after the waste is blasted out.

At the Britannia mine 76 the glory-hole method was ernployed in
the Bluff ore body (fig. 132), where it was large enough to warrant the
use of this rnethod. Glory holes were opened, likewise, in the upper
:E"airvie\v ore body, where closely spaced parallel veins with sorne min
eralization bet"reen them made this rnethod preferable to lIlore expen
sive selective nlining Inethods. Working benches \\rere 3 feet wide and
varied in length. The ore was drawn through grizzly chalnbers into
transfer raises leading to the underground transportation system.
In the East Bluff ore body low-grade ore around the glory holes and
old stopes was rnined by shooting the ore out into the pit, using large
charges of explosive placed in coyote drifts driven toward the side of
the pit from underground workings.

When the open pit at Sacramento Hill, Bisbee, Ariz.,77 became so
deep that hauling ore from the pit was too expensive, the deep ore
was mined by glory-holing. In ]929, 574,000 tons and in 1930,
304,000 tons were mined by this method. The bottom of the old pit

76 Brennan, C. V., the Mining Operation at the Property of the Britannia Mining and Smelting Co.,
Ltd., Britannia Beach, B. C.: Bureau of Mines InL Circ. 6815,1934, p. 19.

77 Gardner, E. D., Johnson, C. H., and Butler, B. S., Copper Mining in North America: Bureau of Mines
Bull. 405, 1938, PP. 239-241.
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was oval, about 450 feet long and 400 feet wide. A haulageway 2,000
feet in length and 239 feet below the bottom of the pit was driven
from the Sacramento shaft to form a loop under the pit to serve six
mill holes, and later five more mills were developed. A grizzly level
was driven 135 feet below the pit to connect the mill-hole raises.
Grizzly stations or bulldozing chambers were 8 feet wide, 7 feet high,
and 15 feet long, and grizzly bars were of 100-pound rails spaced 17
inches apart. Three-compartment L-shaped raises were driven from
the grizzly chambers to a height of 90 feet, or within 35 feet of the
bottom of the pit. Holes were drilled from the pit over each raise
with a churn drill and blasted. Six-inch churn-drill holes, 60 feet
deep and 18 to 23 feet apart around the mills, were blasted to funnel

FIGURE 132.-Vertical section of glory hole, Britannia mine, British Columbia.

the tops of the mills, forming craters, around the slopes of wllich holes
were drilled 18 to 25 feet deep with tripod-mounted pneumatic drills.

Figure 133 is a typical section of a glory hole in the Hilltop ore
body at Fresnillo, Zacatecas, Mexico. 78 The first cut in each cycle was
taken at the botton1 of the crater around the raise, and successive
benches 8 to 10 feet high were then mined; the direction of retreat
was upward toward the rim. TIle safe limit of glory-hole slope varies
greatly in different localities, but at Fresnillo slopes steeper than 70°
were carried safely where they were not more than 100 'feet high.
Drilling was done with ligllt jackhammers, the holes averaging 9 feet
in depth. About 120 feet of hole was drilled per machine shift at a
contract price of $0.028 to $0.036, United States currency. The
average production per machine shift was 130 tons. The waste to
ore ratio was 0.017 to 1.

78 Livingston, A., Mining Methods and Costs at Fresnillo, Zacatecas, Mexico: Bureau of Mines Inf. Oirc.
6661, 1932, 31 pp.
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Figure 134, A, is a cross section of the New Idria (Calif.) ore body,
and figure 134, B, is a plan of the 100-foot level of the pit. 79 The
stripping was done by glory holing and the ore was then mined by
power shovels. The open-cut method was adopted to mine that por
tion of the ore body between the 300-foot level and surface. Early
in 1931 stripping of the hanging-wall waste by glory holing had been
in progress for 3 years, during which 1,500,000 tons of rock had been
stripped and transferred to tIle dump by a 42-inch conveyor belt.
About 1,500,000 tons remained to be stripped to permit mining to the
300-foot level. To prepare for stripping, a raise was driven in the
hanging wall from the 300-foot level to the surface. At a point 27
feet above the level a bulldozing chamber was excavated and grizzlies

FIGURE 133.-Typical section of glory hole in Hilltop ore body, Fresnillo, Mexico. A, First stage.
B, Second stage. C, Final stage.

installed. From the grizzly the rock was fed to the conveyor belt and
transported to the dump; 1,000 tons per hour can be handled, but
the normal feeding rate was 350 tons per hour. Distance from center
of head pulley to center of tail pulley was 1,250 feet; 670 feet of the
belt was in the adit, and the rest extended over the dump.

In the earlier years of open-pit mining on the Mesabi range in
Minnesota, a number of milling pits were in operation for mining
below levels too deep to be reached by locomotive haulage.

Table 53 presents data on seven typical glory-hole operations.
79 Moorehead, W. R., Methods and Costs of Mining Quicksilver at the New Idria Mine, San Benito

County, Calif.: Bureau of Mines Inf. Circ. 6462, 1931, 14 pp.
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FIGURE 134.-A, Cross section of New Idria (Calif.) ore body. B, Plan of New Idria pit, lOG-foot level.



TABLE 53.-Data on. typical glory-hole operations
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3 Data cover ore mined by direct glory holing and by coyote blasting (see text).
4 Additional costs were development, $0.008; general underground and surface expense,

$0.070; rail baulage to mill, $0.054; making total production cost, $0.370. Oosts cover com
bined glory-hole and coyote drift methods.

Nature of ore or wasteMine and year

I Direct glory-hole cost per ton

Approximate rate of : Com- I I I .1 ~~~s Tons
production, tons per I pressed I I I Other ma- per
month Labor a~r Power E~plo- sup- Ha.uI- Total chi.ne %~Ft-

drIlls I SIves plies age . ShIft

I
and I I
steel ! I

H~~an~~rPhyry (waste for stope 9,00(L -------------------------i,~~~;3- ~;:~-~~~~11-~0.-0~6-~;0~;-~~~012-~0~~~1'~=~~
Shale and graywacke; easy drilling 80,000_ ____ .136 $0.029 .057 .043 .265 130 12.76

and breaking. I
Shale and graywacke (broken ore, 92,000 ore; 27,000 waste_ I .148 .029 'I .058 .028 .263 12.00

sticky). IWaste, soft shale, and serpentine __ 65,000 _ _ .070 .039 .005 .114

.t,,~*~~~; ~~~i;eiiliing::: ::::: -~i:~:f19~);:2i~fi~iri):! :~~=;~~~~: I::-=:::: :: ::~i~= :::~()~2: I::=:: ::;=~~~: 1- ::::r:::
_______________ Sulfide ore in sheared voleanies____ 105,000_:~~~~-~.~.L~ .003

1 .018 .008 .
012

1 .077

1 Drills and tools only.
2 Exploration and development, tramming, hoisting, drainage, sanitation and ventila

tion, sampling and assaying, and mine department expense, $0.326; proportion of general
department expense and haulage to concentrator, $0.091: total production and transpor
tation cost, $0.608.

Cananea, Mexico, 193L
1

Hilltop, Fresnillo, Mexico, 1921-25 _

Catillas & San Carlos, Fresnillo,
Mexico, 1921-25.

New Idria, Calif., Sept. 1930 _
San Carlos, Mexico _
Tintic Standard, Utah _
Copper Queen (Sacramento), Ariz.,

1929-3l.
Britannia, Fairview, British Co

lumbia. 3
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POWER-SHOVEL AND DRAGLINE PITS

363

The determination of mining and stripping limits prior to undertak
ing exploitation by power-shovel methods requires careful engineer
ing and often involves complicated computations.

ENGINEERING ESTIMATES

Stripping of overburden and capping in open-pit mining corre
sponds to development work in underground mining and, as previously
pointed out, is a part of the ore-production cost. The cost of strip
ping is therefore an important factor in the calculations. The unit
cost per cubic yard or per ton of stripping material to be removed will
vary between wide limits, depending on the depth and character of
the capping and overburden, topography, total volume and rate at
which it is to be stripped, distance to the spoil dump and grade of
track or truck roads, method of transportation, size, capacity, and
type of excavating and haulage equipment, wage rates, and local
costs of supplies and power.

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

•• II

Fa/eve/

FIGURE 135.-Typical section showing method of fixing the ultimate stripping limits, Bingham, Utah.

'l'he total volume of stripping will be that vertically above the
limits of the ore pit plus that outside of the ore pit necessary to main
tain safe strip-pit slopes and benches and provide working approaches
to the pit. The strip-pit slopes will be governed by the character
and depth of the capping or overburden and the direction of major
planes of weakness, such as faults, bedding planes, and schistosity.
The volume of stripping outside the ore-pit area and, hence, the strip
ping-ore ratio will increase rapidly with the depth of capping or over
burden, especially if the surface rises away from the pit (see fig. 135).
Since the stripping-ore ratio determines the stripping charge per ton
of ore, it limits the grade of ore that can be mined profitably by open
pit methods and h.ence determines the boundary of the ore pit. Metal
prices, which determine the grade of ore that can be mined profitably,
are subject to wide fluctuations. Hence, it is evident that a careflll
appraisal of future market trends is as essential as precision in engineer
ing calculations. Balancing of the various factors therefore often
requires the use of cut-and-try methods.
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Soderberg 80 has discussed the estimates involved at the Utah copper
pit, and the following is abstracted from his paper as a good example
of the factors that must be considered and the methods to be used in
making open-pit estimates.

Preparatory to making detailed ore estimates, the cut-off between commercial
ore and waste must be determined; that is, a grade must be determined below
which the material cannot be mined and meet its mining and treatment costs and
show a profit. To arrive at this cut-off grade certain assumptions must neces
sarily be made, such as the selling price of copper, the estimated recovery in
percent of gross content, and the cost of producing a pound of copper, which in
cludes all costs other than stripping. The stripping cost is kept separate for rea
sons that will develop later. Table 54 is set up to illustrate the method used.

TABLE 54.-Method of rleter,nining point of cut-off between ore and waste

Assumed Assumed Partial netGross Assumed Pounds selling cost per profit per Loss per
Copper, percent pounds per recovery, recovered price per pound less pound, pound,

ton percent pound, stripping, cents cents
cents cents 1

-------------------

1.10______________ 22 91 20.0 13.5 6.25 7.25 ------------
1.00 ______________ 20 90 18.0 13.5 6.94 6.56 ------------
.90 ______________ 18 89 16.0 13.5 7.81 5.69 ------------
.80 _______ ._______ 16 87 13.9 13.5 8.99 4.51 ------------
.70 ______________ 14 85 11. 9 13.5 10.50 3.00 ------------
.60 ______________ 12

I
83 10.0 13.5 12.50 1. 00 ------------

.50 ______________ 10 80 8.0 13.5 15.62 ------------ 2.12
I

Copper, percent

1.10 _
1.00 _
.90 _
.80 _
.70 _
.60 - _
.50 _

Stripping
cost per

cubic yard,
cents

40
40
40
40
40
40
40

10

Ratio of
waste to

ore 2

H-1
~-1

~2-1

~2-1

H-1
H-1
H-1

11

Proportion
ate stripping

cost per
pound this
basis, cen ts

0.50
.56
.62
.72
.84

1. 00
1. 25

12 13 14

(6+11) Loss perTotal cost Profit per
per pound, pound, cents pound,

cents cents

6.75 6.75 - - - - -- -- - ---
7.50 6.00 ------------
8.43 5.07 ------------
9.71 3.79 ------------

11. 34 2.16 ------------
13.50 -------------- ------------
16.87 -------------- 3.37

1 Based on a cost of $1.2.5 per ton. These figures can be varied to cover increasing costs due to increasing
copper content, such as bullion, freight, refining, selling, etc. .

~ Or H yard waste to 1 ton of ore.

Under this set of conditions a copper content of 0.6 percent would be the
point of cut-off; any grade under this would be waste and anything over should
be classed as ore. Other tables should be made using other figures for doubtful
assumptions to assist in establishing a safe cut-off figure.

At this sta~e it is convenient to set up a table of grades showing the amount of
stripping any given grade of ore will carry. This is usually done as follows:

If it costs 40 cents to waste a cubic yard of overburden weighing 2 tons, ~ ton
will cost 10 cents. It is then necessary to determine the grade of ore that will
yield a return of 10 cents under the given conditions, assuming the average
recovery to be 85 percent.

10 cents divided by 13.5 cents =0.741
0.741 divided by .85 = .872

.872 divided by 2,000 (pounds per ton) = .0436 percent copper.

By adding this increment of grade (0.044) to the ore, it will support the removal
of an additional half ton of waste for each addition, from which the following table
may be set up:

80 Soderberg, A., Mining Methods and Costs of the Utah Copper Co., Bingham Canyon, Utah~ Bureau of
~ines Inf. Oire. 6234, 1930, pp. 6-10,
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Tonnage of stripping, plus all other costs, carried by 1 ton of ore of various grades

Grade of ore, Tonnage OJ
percent stripping
0.6- 0.5

.644 1.0

.688 1.5

.732 2 0

.776 2 5

.820 3. °
From tables 53 and 54 graphs may be drawn from which it can be determined

at a glance whether or not a certain block of material is ore or waste when the
stripping ratio has been determined.

Dividends, of course, cannot be paid on a grade of ore at or near the point of
cut-off; the average grade, therefore, lllust be well in excess of the cut-off grade,
and no section of the ore body that will not pay its own way should be combined
with higher grades for the purpose of increasing the reserve. Possible exceptions
to this rule appear, of course, when a "horse" of "Taste or a small amount of low
grade material occurs that has to be removed in any case. These small quantities
of waste may not be easily separated and may be milled at a loss (capacity per
mitting), which, however, will be smaller than the cost of removing the material
as waste. In such cases, the low-grade tonnage is included in the ore reserve
with its grade. The engineer's judgment will guide him (after he has made a
complete analysis of the ore body) in rounding out an estimate where so many
variables are concerned. It is well to remember that material which at the time
of the estimate is waste may come into the classification of ore by an increase in
the price of copper, by an improvement in metallurgy, or by a lowering of costs
with improved equipment.

A point that is never lost sight of is that the total cost of mining and stripping
shall not exceed a reasonable underground cost. To determine this cost limit a
series of trial sections was lllade up running normal to a tentative location of the
stripping limits. On these sections detailed studies were made showing the ratio
of ore to waste and the stripping limit for the particular section determined (see
fig. 135 for a typical example of the problems involved). In this study it was
necessary to determine the grade of the ore in each section and to ascertain just
what amount of stripping could be moved and still show a commercial profit from
the ore in question. Referring to the table of stripping ratios, it may be noted
that under the costs and conditions upon which the table is based~ ore having a
grade of 0.82 percent copper can carry a stripping ratio of 3 to 1 or of 1% cubic
yards of waste to each ton of ore. At 40 cents per cubic yard this llleans a strip
ping cost of 60 cents per ton of ore. In some sections the average grade of ore
is in excess of 1 percent copper and as far as grade is concerned could still show a
profit for larger stripping ratios permitting the moving of the stripping limit to
the increased ratio. But stripping costs in excess of 60 cents per ton under the
conditions mentioned, together with other mining costs, exceed the probable
underground mining cost; therefore, the maximum stripping ratio should not be
greater than 3 to 1 and ore outside such limits should be classed as underground
ore. Referring again to the section, it may be noted that the 0.6-percent ore line
extends beyond the stripping limit, but such a grade is not considered profitable
by underground mining and is therefore not included in ore-reserve calculations.
When located within stripping limits, this grade can be classed as commercial ore
and included in the reserve.

The study was continued for each section; the ultimate location of stripping
limits was then finally laid out, and it was found that of the 625,000,000 tons of
ore reserve developed to date, approximately 580,000,000 could be removed by
open-cut methods. Possibly some 40 years hence, after open-cut methods have
ceased to be profitable, there will be a "mop-up" job to win the remaining ton
nage by caving methods. This will entail considerable development work, and
plans that are being made for shoveling below the present scene of operations are
being laid out to tie in with the possible underground operations.

In addition to the above factors that determine the choice between open-cut
and underground methods is the practical side involving the necessity for mass
production of a low-grade ore to make it of maximum commercial value. To this
must be added the value of flexibility of control of production. To illustrate:
If occasion should demand an immediate increase in production to 60,000 tons
from a mine ordinarily producing 50,000 tons of ore per day, practically all that
is involvedin open-cut work is to take two shovels working on stripping and place
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them on ore. In underground work, to increase the number of ore faces 10
percent would present a serious problem.

Other issues involved that fix the limit to", which open-cut operations can be
carried are such factors as maximum degree of railroad curvatures, sufficient space
for the efficient operation of power shovels, adjacent property rights, dump
grounds for waste material, and above all the safe degree of over-all slope. Calcu
lations of ore tonnages recoverable by open-cut methods and stripping are also
dependent upon the slope.

The total ore relnoved to January 1, 1929, amounts to 175,007,974 tons having
an average grade of 1.21 percent copper. During the same period 94,338,953
cubic yards of capping and low-grade material has been stripped and dumped in
nearby gulches. This gives a stripping ratio to date of 1.1 tons of waste to 1 ton
of ore, and is also the ratio being maintained at the present time. The final
ratio is entirely dependent upon the ultimate over-all pit slope. Based upon a
40° slope this ratio will be approximately ~ to 1, but, if conditions make it nec
essary to use a much flatter slope, the ratio may be increased to equal amounts
of \vaste and ore. These are general averages, as there are sections \vhere the
ratio reaches the maximurn of 3 to 1, and it is in such places that slope is of para
mount importance. When it is considered that in one section of the Utah Copper
pit the question arose as to whether or not 38° instead of 40° should be used
above a certain level and that the cost of removing this extra amount of waste
would reach a sum of $2,000,000, it can readily be seen how vital a thing, at least
to the ITtah Copper Co., the ultimate over-all slope really is.

The individual bench slope-that is, the actual slope of one shovel face from
the upper edge to the toe of the slope-is of less consideration. This is, of course,
a function of the over-all slope, but while an individual bench might stand at
60° froln the horizontal, it is not to be concluded that a face 1,500 feet high ,vill
stand at the same angle of repose. When the material in any part of the ore
body gradually declines in grade from ore to waste, there is ahvays the question
as to where the limit of excavation ·will ultimately be, and it therefore becomes
necessary to lllaintain the shovel terraces on the pit face where, for the time
being at least, operations are suspended. This shovel bench can be maintained
at a minimum width to accommodate a shovel and loading track-say 30 feet.
The slope ,ve are most concerned with is the aggregate made up of the individual
bench slopes plus the width of benches. In other ,vords, the over-all slopes would
be the angle from the horizontal from the top edge of the excavation to the bottom
toe of the excavation, and it is this angle that the Utah Copper Co. has tentatively
set at 40°.

There ahvays will be local variations. At some points the slopes will doubtless
take the angle of repose of broken material, say 35°. With others a slope of 50°
may be safe. Geological conditions will enter into this. For instance, where
stripping is being done against a face of quartzite that is dipping toward the
operations at 30° from the horizontal, this slope will doubtless turn out to be
the dip of the beds. On the contrary ~ where the beds are dipping into the bench,
say from the shovels, a much steeper slope can be maintained.

EVOLUTION OF EQUIPMENT AND PRACTICES

Since late in the last century, power shovels and draglines for dig
ging and loading and locomotives and cars for hauling from the pit have
been in general use at most large-scale open-pit operations. Starting
with small steam shovels and with dump cars drawn by teams or
"dinky" locomotives over narro,v-gaf;Y,e tracks, the size and capacity
of the equipnlent was increased, deSIgn and efficiency of equipment
and methods and equipment for drilling and blasting were improved,
and advances were made in other practices as operations \vere under
taken on a larger and larger scale and as the depths of stripping and
ore pits became greater.

Typical of the evolution in equipment and methods are the devel
opments on the Mesabi range, as described by Runner. 8! The
following notes aTe abstracted from Runner's paper:

81 Runner, Earl E., Some Recent DevelopmentR in Open-Pit Mining on the Mesabi Range: Trans. Am.
Inst. Min. and Met. Eng., Yearbook, 1930, pp. 106-128.
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In 1903 one contractor at Chisholm, Minn., was using 60- and 70-ton railroad
type steam shovels with 2?~- and 3-cubic-yard dippers for loading stripping into
narrow-gage, 4-cubic-yard wooden dump cars hauled by saddleback, 8- to 18-ton
steam locomotives; ore was loaded into railroad cars hauled by 45- to 70-ton,
six-wheel, switching-type locornotives.

In 1914 a contract was let for reITloving 8,000,000 cubic yards of stripping at
the rate of 2,000,000 cubic yards per year to uncover 6,000,000 tons of ore for
open-pit rnining. It was contemplated that later work would require the addi
tional removal of 14,000,000 clJbic yards of overburden to make available for
mining an additional 19,000,000 tons of ore. In 1917 the contractors on this
job were using the following equipment, typical of the best practice at that time:

9 six-wheel Baldwin steam switching locomotives, 20 by 26 inches.
" 8 Kilbourne and Jacobs 20-cubic-yard automatic air-dump cars.

49 Kilbourne and Jacobs 16-cubic-yard automatic air-dump cars.
1 eight-wheel, 25-ton locomotive crane.
1 model 100 Marion steam shovel, 5-cubic-yard dipper, weight 137 tons.
2 model 76 Marion steam shovels, 4-cubic-yard dipper, weight 107 tons.
1 model 36 Marion revolving shovel, 1}/2-cubic-yard dipper, weight 40 tons.

By 1919 one 300-ton revolving steam shovel with 6- and 8-yard dippers had
been added to the equipment, which in one month of two-shift operation removed
250,000 cubic yards of sand and gravel overburden. Tracks were laid with 80
pound rails on 1.5 to 2.5 percent main-line grades.

Large revolving shovels were found to have decided advantages over 100- to
110-ton railroad-type shovels under certain conditions. In 1919 the M. A.
Hanna Co. purchased two electric, full-revolving shovels (one Marion 300-ton
and one Bucyrus 225-B) each equipped with 150-foot boom and complete dragline
equipment. They used 8-cubic-yard buckets for stripping and 6-cubic-yard
buckets for ore when equipped as shovels. As draglines they used 5-cubic-yard
Page buckets. Power for shovel operation was supplied at 22,000 volts and
stepped down to 2,200 volts.

In 1924 a Bucyrus 50-B revolving electric shovel mounted on caterpillar crawl
ers and equipped ,vith a %-yard bucket was installed at the Wabigon mine and
as Bucyrus 80-B revolving, electric, caterpillar-traction shovel at the Richmond
mine, Palmer, Mich.

In 1926, two Bucyrus 120-B revolving, electric, caterpillar-traction shovels
with 4-cubic-yard buckets were placed in operation at the Susquehanna mine,
Hibbing, Minn. These three shovels were the first of their type and size using
direct-current motors to be employed in the Lake Superior district. Since then
shovels of this type have come into general use on the Mesabi range, most of them
being equipped with 4- to 5-cubic-yard dippers.

In 1924 the first installation of standard-gage electric locomotives in open-pit
ore mining in this country was made at the Wabigon mine, Buhl, Minn. The
equipmen t comprised the following:

Eleclric shovels.-One Marion 300-E and one Bucyrus model 50-B, both equipped with direct-current
motors operated by motor-generator sets; the mode1300-E had full Ward-Leonard control, whereas the 50-B
had partly rheostatic control.

Electric locomotive,~.-Three 50-ton General Electric swivel-truck type designed to operate at 600 volts
direct current with capacity to haul a train of 340 tons (including locomotive) on a tangent track against a
3-percent adverse grade at 7}2 miles per hour. Each locomotive is equipped with an air-operated panta
graph sliding-bow collector mounted on the cab for use on main tracks and with two air-operated side-arm
collectors, one on each side, for use with side trolley wire on loading and dump tracks.

Trolley-wire system.-An overhead trolley-wire system was adopted on account of first cost, freedom from
obstruction in the event of derailments and spill of stripping along the tracks, and greater flexibility and
safety than a third-rail system.

In 1928-29 a similar installation was ITlade at the Mesabi Chief mine, Keewatin,
Minn., using one Bucyrus 225-B 90-foot-boom, 8-cubic-yard-dipper, full-revolving
shovel, and two Bucyrus 120-B 32-foot-boom, 4-cubic-yard shovels, all full
revolving type with caterpillar traction and equipped with direct-current motors
and Ward-Leonard control. General Electric 60-ton 8-wheel locomotives were
used. The rolling stock comprises 16 air-dump side-pivot, drop-door cars of
30 cubic yards capacity. A Bucyrus heavy-type spreader is employed on the
dumps for spreading the spoil and a Nordberg track shifter for throwing tracks
p~nd for general utility work.

Although the foregoing summarizes briefly the advances made up to
about 1930 by only one company, the changes are typical and illustrate
the evolution in modern excavation and haulage equipment for open
pit metal mines.
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Electric pit haulage has not been adopted generally in the Lake
Superior district chiefly because there is a large amount of serviceable
and efficient steam equipment on hand, and the remaining life of the
pits is too short to justify the capital outlay for electrification. The
revolving caterpillar-traction electric shovel, however, has become
standard because, the savings in operating cost through its use are so
great that it has paid to scrap steam-operated shovels. Among its
advantages are its mobility without use of tracks, eliminating the
pit crew required with the old railroad-type shovel (the shovel crew
consists usually of only 2 men); elimination of delays to loading when
coaling; ability to dig and load in any direction; superior efficiency,
control, and power characteristics of electric shovels.

Track shifting and grading, spreading of spoil on the stripping
dumps, and clean-up of stripping on top of the ore were formerly done
by hand; this work is now done principally by locomotive cranes,
bulldozers, and dirt spreaders.

Bank drilling, formerly done by hand with "jump drills," long
handled shovels, or post-hole diggers in soft ore, or by piston drills, is
now done principally with mobile, caterpillar-mounted, electric churn
drills from the top of the bank along the berms or benches of the pit.

More recently, motorized pit haulage (gasoline- or Diesel-powered
trucks or trucks and trailers) has been adopted for the smaller pits and
for clean-up work in larger pits where adverse grades are too severe
for locomotive haulage. In other districts large operations have been
equipped at the outset for motorized haulage, large trucks of 30 to 35
tons capacity being used. Truck haulage has the advantage of
flexibility, elimination of tracks and track laying, and ability to
negotiate steep grades and to load in restricted space in corners and
local dips in the pit. For long, main-line hauls in the pit and from the
pit to beneficiation plant, it is probable that locomotive haulage is
generally more economical and combinations of truck and rail haulage
(dual haulage system) may prove most satisfactory under some con
ditions, using truck haulage to bins on the main line or to the crest of
the pit, follo,ved by rail haulage to the plant. Based upon a recent
investigation of truck vs. rail haulage in bituminous-coal mines,
Toenges and Jones 82 conclude that with equipment in its present stage
of development and within the range of conditions studied, for a new
mine a dual haulage system would effect a saving in transportation
cost if the round-trip haul exceeds 2.7 miles.

The first use of trucks for large-scale open-pit haulage in metal
mines in the United States was, so far as the authors are aware, at the
United Verde mine. According to Alenius,83 the original plan was to
mine the material below the 160-foot level by glory-holing, and in
1924 several glory holes were started. They did not prove practical
for the following reasons:

1. Inability to drive raises in the desired locations on account of
the underground fire and existing stopes.

2. Dilution of ore and inability to sort material properly.
3. Indefinite production.
4. Operating hazards.

82 Toenges, Albert L., and Jones, Frank A., Truck vs. Rail Haulage in Bituminous-Coal Strip Mines:
Bureau of Mines Rept. of Investigations 3416, 1938, 54 pp.

83 Alenius, E. M. J., Methods and Costs of Stripping and Mining at the United Verde Open-Pit Mine,
Jerome, Ariz.: Bureau of Mines Int. Circ. 6248, 1930, 34pp.



SURFACE MINING 369

Early in 1925 a plan was devised by W. V. De C3Jmp, then assistant
general manager, by which the lower pit would be mined by small
shovels working on low benches. The material was loaded into trucks,
which dumped into several transfer raises extending from the 1,000
foot mine level. Figure 136 shows a plan of the pit as of July 1,
1929, and figure 137 is a typical section through the No.3 raise

t
showing dumps on three levels. The major equipment employed
was as follows:

4 electric, full-revolving, 1~~-cubic-yard shovels.
10 six-wheel, four-wheel rear drive, 4-cylinder, 10-ton trucks and one 6-cylinder,

lO-ton truck.
6 tractor trucks with 2 front wheels and caterpillars on rear, 6 cylinder, lO-ton

capacity.
2 four-wheel, 4-cylinder, 5- to 6-ton trucks.
1 four-wheel, 6-cylinder, 37~-ton truck.
1 four-wheel, 6-cylinder, 2-ton truck.
1 four-,vheel, 6-cylinder, I-ton truck.
1 gasoline-powered, full-revolving crane.
1 tractor-powered road scraper.
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During 1928, 167 cubic yards or 390 tons of.material was trammed
per truck-shift, the average one-way haul being 500 feet. Additional
data on this and other tractor operations are given later.

Recently several open-pit mines have installed conveyor-belt
systems for transporting the ore from gathering points in the pit to
bins on surface outside the pit limits. Excavation is by power
shovel or by tower drag scrapers. When power shovels are used
they load into trucks that haul the ore to raises leading to the con
veyors, and when drag scrapers are used, the ore is dragged to the
raises by hoists. Both systems are employed at the Spruce mine,
Eveleth, Minn., where the installation is believed to be the largest
of this kind in an American metal mine, although others were
planned when it began operation in 1937. The system was described

20" 1-8eam with wood fille,r .30 H loncJ
I .. \0 wood g~rd raIl

~/~mT§~~N_O_.3_\e_v~ e\ev. ?240

/ Truck indumpin~ pO~ltio&n

Safety chdin

FIGURE 137.-Typical section through No.3 raise, showing dumps on three levels, United Verde mine,
Arizona.

in Skillings' Mining Review, October 16, 1937, pp. 1-2, 10-11, et seq.
Figure 138 is a longitudinal section of the system in which the lower
part is the continuation to the left of the upper part. The general
arrangement is shown in plan in figure 139, figure 140 is a section of a
truck-dumping station, and figure 141 is a section of a tower- or
drag-scraper station. The ore in each case is delivered to jaw crushers,
whence it passes through transfer raises to pan feeders that deliver
it to tIle conveyor belts. There are nine belts having a conlbined
length of 4,481 feet, of which 3,170.5 feet are in underground drifts.
All belts are 33 inches wide, and when traveling at 500 feet per minute
the rated capacity is 500 tons per hour. General specifications of the
equipment are given in figures 139, 140, and 141. Although operating
costs are not available to the authors at this time (August 1938),
careful estimates by engineers of the COlnpany prior to beginning
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operations indicated a saving of 9 cents per ton as compared to
locomotive haulage.

Hoisting of ore in skips running on inclined tracks on the side of
the pit or in a shaft connected to the bottom of the pit has been
practiced for many years. This practice is adapted particularly to
small pits, where the relative volume of stripping or where track or
truck-road grades would be prohibitive for haulage purposes, and to
the final stage of power-shovel pit operation when mining out the
benches and bottom ore.

SOO To"S

Stond

9
3.I'0.Sft
I.SI0.5 •

500
- 30 In.
- 500To"s I Hr:

25.55%
75 H.P

.ts
Hu",b~"

Len9+h j" Orifts
L~nqth On Surfoce

~~~~:o~i~~1t:'i"~O
~:~~~~~.G:"e;:tj8
Dr-ivCl Motors

pockri
Capacity

Tower eacQYG+or$

Ho~~~~ -:;:::: -.So':fi
"" ·ltSHP..: l.ft~2~ ~~.~i:

c~~'h~ ..S~eS~&~ 'n ~ 1:·~5ao:~G:'
G,.ia&lies -O~... i"'9 - aiTQp.4f80tto,,",
SC,.opca,.s ·Soue,.",on 3 e.uYd.

ShoYel-Truck Station
Shov~' • Morion Elect r-i c. t\ Vel
Trucks - Hum~e,. 4

Copoci+y - - ltV... • 20 Ton
Cr-usher. Si&e ;- ~8·.a6·

~~~~~,'fo~°-F:o~+:r- w~th &~~I~:'e4,.~8otto",
Pow~.. • - Oivsel f""in.
Mod~I$' - Troc+o,.·R..Q8 ·Bulldoaer-· ~8

Pon Conv!y'or'$'60-WidCl'lS'c to c heod&toil shofts

~:~:ciaot:~~' 0+ 16"''/""".· =soo T~~~~~;

FIGURE };)9.-Plan of general arrangement of Spruce conveyor-belt system.

DATA ON POWER-SHOVEL OPERATIONS

Investigations of open-cut metal-mining practices have been
conducted by engineers of the Bureau of Mines for several years and
are continuing. A bulletin is in course of preparation that will
discuss the subject in much greater detail than is possible in the
present bulletin. The data in table 55 have been compiled for the
most part from reports previously published.
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<!> EI et,.ie evolvin Shovel - t ~Yd. Dipper
@}T,..ueks • Reot" ump.nq

Number 4
Cop~c;ity • 20 Ton • (II VdJ

TyoUeY·Hoi $+ 10000Ibs
@>Pan Type Feed e ~ to Crushe ...

Size 6O"wide I IS' lonq
Capacity • Tofts pe ... hou... • 500
Pon Speed - Ft. PQ,.. min '6
Drive Motor'· H.~ 25

@-Scyeen -Bo ... G.,.azzly Type-S'Ioftq-45°
~nq - Top 3}'~· - 80ttom 4~i'

@- Crushe ... • T,.oylor. 81ake JGwType ·96-.28
~"9. proposed 3"2.-

O"""e Mo+oy • H.P 1
G>-Pcn Type FeecJcH'" to Conveyor Belt.

Size • 60"wide. '5'Ion4.
Tons per hout" - t2Smin,to 500 mo.
Pan 5 peed • Ft, PC2,.. Min • 4 to 16
OyivQ Motot-" - H.~ • 2S

nve r Be It • Width
~""""~rl&-++-""':.&in 0,. i ft

Q u. er
Cot~rp.llol".D.esel Pow~y,,-d Troctor

Model - RO-S • Dl"Owbcy H.P· 95
Weiqht 92.000 'b

Anqle Doz.e... • Model R-a
Wei ht 10.£15 -Ibs

FIGURE 140.-Spruce truck-dumping station.
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AMC.HOR. TOWEA,

<D- Orog Scrape"'· Souermann· Cop ·3 Cu.Vd.
Opero+in9 R.onqe - 700' Rodius

Scrgens - Bar Grizzly Type- S'10r\4f·4So

(i).. Ope.n'nq. Scolp in4 Grizzly.. - I~:
@. Openi'Hi· Secondary" Top0 3i ·8ottom·4~
(4). Pon Type r=:~eder to Crus he..

5 iz.e • 72 wide x 7:0.1°"9 0 S.A.Mf9' Co.
Pe" Width ·IZ" • Pon Speed·lO F:~M,
Drive Moto.. • 5 H.~

@- Crushe,.·A.C.Mfg.Co.-Bloke.JawTypeo~"xlS-
5ettinq • 3- - Drive Motor"· 40H.~
~tcu 'Jw"a+o,.. Set • Motor· 200 H.P

~- 9 I r" m} - .... t . IZ5 H P
~ 0 th I ",,0 Or" ..\71- U ou ..

~ope. Speed, I"haul • 3'SFPM.
Rope .Outhoul • (050 ..

@- 0' rum - Motor • SOH~
&)- nc 0 .. Tower'

Co erpi Or" Mounted
Dri~@ Motor'S - Two - ISH.~
Con+,.ol - From Tower"-fx~ava+or("ob.@·e%n Type feed~Y io Conveyor Be It.

ize ·60 wld{' xIS"on4-Pon width -12"
Tons per hout"" .. 125 min. to 500 mox.
Pan Spe~d 4 to 16 f:~M,
Drive Motor" - 25H.P

@-Conveyor Belt
@- Service Tr'ack.. in Orif+.

FIGURE 141.-Spruce tower-excavator station.
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TABLE 55.-Data on power-shovel operations

1. GENERAL DATA

~
'I
0';)

Overburden or capping

Dimensions, feet

Ore body

Width I Height

Ultimate IStandard benches,
over-all feet
pit-wall

slope,
degrees

Ultimate
waste-ore

ratio

DepthWidthLength
Kind

Average
depth,

feetKind

Mine and reference

-----1----1----1 1----'----,---

~
trj
H

~
~
Z
Z
Q

;g
>o
H
1-1
o
t;j

50

30

30
20

40-70

45-55

25-35
50

22 I 30 max.

100

10045

45 , _

45 I Variable
45

45 j 100-350! 25-35
45 __________ 60, 45, 30

60

26-40

o 1 1 1 _

1. 3-1

1. 04-1

62.4-1

62.4-1
1-1

0.8-1
11 cu. yds.
to 8.5 tons

ore

a 1. 1-1

3OO±

400
425

425
227

245
200
230
200

__ 1_ ------- ----1---- -- ----1-------- -_1 40
max.175 ____________ __________ __________ 40-60

160 60 25
160 60 40 max.
450 ____________ __________ 40 30

70

400 1250 max.

750 1165 max.; 1 1

220 ulti-
mate.

50
3,800

1,300
2,000
2,600

700

4,000
1,400
1,300
1,900

120

2 4, 000 I 2 2, 000

---- -- - - - -, - - - - - - - - - -1---- ------ --1-- -- ---- --1- , ---- - ---

6,800

2,600
2,600
5,200
1,300

(7)
4,000
f>,ooO
9,000
2,300
2,600

700

400

750

26,000

1,200 850

1,000 800
4,000 2,500

3,500 2,000
1,200 max. 800 max.

Oxidized schisL _

Schist, massive sulfides _
Hard, tough granodiorite and

quartz diorite.
Hard monzonite _
Hard porphyry _

Porphyry _

115 I Easily broken monzonite por
phyry.

Oronogo, Mo., 1938 8 1 Limestone and shale I 1

Orogrande-Frisco, Idaho g 1_ - - - - - - - - - - - - - - - - - - - - - - - - - - - --I

Mesabi iron mine No. L Glacial drifL Sandy hematite and limonite__
Mesabi iron mine No. 2 do_______________________ 35 Hematite and limonite _
Mesabi iron mine No. 3 do_______________________ 70 Sandy hematite _
Mesabi iron mine No. 4 do_______________________ 30-60 Hematite and limonite _
Mesabi iron mine No. 5 do do _
Mesabi iron mine No. 6 do_______________________ 110 Sandy hematite and limonite __
Mesabi iron mine No. 7 do_______________________ 70 do _
Mesabi iron mine No. 8 do Hematite and limonite _
Mesabi iron mine No. 9 do_______________________ 40 Sandy ore and shipping ore _
Mesabi iron mine No. 10 do_______________________ 50 Hematite and limonite _
Weepah, Nev.8 Schist, decomposed Silicified, sheared dike, de-

composed. Gold ore.
o I Silicified schist and pegmatite;

low-grade gold ore.
Lead and zinc carbonates and

sulfides in dolomite and
chert. 10

Sulphur Bank, CaliL, 1936__ 1 Basalt and altered basalt 1 30
Morenci, Ariz., stripping, Porphyry, stripping area 216

1938.11 8,000 by 4,500 feet. (500 max.)

Utah Copper, Utah 1 Leached monzonite por-
phyry.

United Verde, Ariz.:'
Upper piL Diorite greenstone, por- 1 1

phyry, schist.

Chi~~~~Ki~~~============-Leag~ed--granOdio~ite--an-(rl--------75±
quartz diorite.

New Cornelia, Ariz Monzonite
I

_
Sacramento, Ariz.& Porphyry 280



1 Soderberg, A., Mining Methods and Costs of the Utah Copper Co., Bingham Canyon,
Utah: Bureau of Mines Inf. Cire. 6234, 1930, 23 PP.

2 Maximum.
3 Ratio to 1930.
4 Alenius, E. M. J., Methods and Cost of Stripping and Mining at the United Verde

Open-Pit Mine, Jerome, Ariz.: Bureau of Mines In!. Cire. 6248, 1930, 34 pp.
6 Lower and upper pits combined.
6 Ziesmer, H. M., and Mieyr, George, Steam-Shovel Operation at Bisbee, Ariz.: Trans.

Am. Inst. Min. and Met. Eng., vol. 68, 1923, pp. 251-269.

7 Clean-up operation.
8 Field notes.
9 Lorain, S. H., Mining and Milling in Idaho County, Idaho: Bureau of Mines Inf.

Cire. 7039, 1938, pp. 37-43.
10 Old underground mine pillars.
11 Lawson, Walter C., Preliminary Stripping of the Morenci Open Pit, Arizona: Am.

Inst. Min. and ~1et. Eng. Tech. Pub. 980, September 1938.
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T ABLI~ 55.-Data on power-shovel operations-Continued

2. DRILLING AND BLASTING

~
~
00

Drilling Blasting

Size of holes

Diameter, I Average
inches depth, feet

Mine and year
Types of drills ------1 Cost per foot

of hole Method

Explosive used

Springing Main blasts

Explosive
per ton
broken,
pounds

~
trj
H

~
~
~
~
Q

~
~

>o
H
~

o
t::j

.35

.70

.167

.17

0.125

13.648

13.483

.40

.125 (bag)

Vertical holes, sprung -1140 I)ercent gelatin I{Granu~atedammonia dy-I}Toe holes, sprung J ----- namIte.
-150 holes sprung 40 percent gelatin dy- Bag powder _

Toe holes ~~~!~~._______ ___40 gelatin dynamite 1 _

.55

.25

p;r6s~J7r: -::::::::::::::::::::::::
10 I--------------I-----do----------------I 40 percent gelatin dy- I Hercomite No. 4 _

namite.
Deep holes sprung - - - -I· ------------ -- ----- -- --------1- --- --------
Notsprung- Bag powder with gelatin _

for primer; Cordcau
fuse.

42
21

Flat holes 1 --I

2%-1%

6
3~-1~

3%-2H 22 $0.025 (See fig. 142) holes 60 percent ammonia I 60 percent ammonia dy-
sprung. dynamite. namite.

6 35 4. 54 (1926) Special methods for
hot ground.

2%-1916 21-30 12.42 Vertical holes _________ 135 and 60 percent gel-I 35 and 60 percent gelatin
2~-1:H~ 18-20 u.42 1'oe holes, all holes atin dynamite. dynamite.

sprung, some coyote
blasting.

6 35 ______________ Vertical holes _________ 35 percent gelatin _____1_______________ ---- -. -- -. --I}
2%-1i}16 20 ______________ Toe holes _____________

}35 to 50 percent gelatin__________________________2~-1:H~ 20 ______________ Toe holes, all holes
sprung.

2H-1~~ 20 .174 per cu. __ do ________________ 35-60 percent gelatin_
yd.

4H and 6 30-55 .62 Verticall1oles_______ - }40 percent ammonia If5 and 40 per-er.'t granU-I}
3%-1% 22 -------------- Toe holes, all holes dynamite. la~ed ammonIa dyna-

sprung. mIte.
2M~ 28 -------------- Vertical holes, sprung_ 60 percent gelatin dy- Free-running quarry

namite. powder.

j
Churn _

Leyner _
Hammer _

IChurn- - - - - - -- - - --
~ower pit: 1928 I Leyner on tripods_

,Halnmer _

Utah Copper, Utah, lY28 i Piston _

United Verde, Ariz., Upper
pit, 1925.

1935 -- -- 1_ - - - _do_ - - ---------1
Churn _

Chino, N. Mex., 1929 {Hammer _

New Cornelia, Ariz., 1930 I H a ill III e r sus-
pended from tri
pods. 14

S . {ChUrnacramento, ArIz., 1921_ - - - - Piston

Orogrande· Frisco, Idaho. Jackhammer------,---------- __ I
O;;~~gO, Mo., 1938 Hammer on tri- ------------ 1 1

pods.
Sulphur Bank, Calif., 1936 _ Jackhammers _

Morenci stripping, Ariz. {Ch~~n (eiectri~I--------9---1-55±(8-to-io-
1938. cally driven). ft. below

grade).



Mesabi iron mine No.1, ! Churn ____________ 6 35 15 55 Vertical holes, electric None ___________ 25 percent gelatin dyna- .18
1937. blasting. mite.

Mesabi iron mine No.2, - ____ do. ___________ 6 26 16 80 _____ do ________________ 35 percent gelatin dy- Ammonia dynamite______ .127
1937. namite.

Mesabi iron mine No.3, _____ do ____________ 6 30 --- - - - - - - - ---- _____ do ________________ ------------------------ 25 percent gelatin dyna- .18
1937. mite.

Mesabi iron mine No.4, _____ do. ___________ 6 -------------- 16 20-30 Vertical holes, electric 35 percent gelatin dy- Ammonia dynamite______ .13
1937. blasting; holes namite.

sprung.
Mesabi iron mine No.5, _____ do ____________ 6 16 150 -- - - - - - - - - - - - - - - - - -- -- -- ---- - - - - - - - - - - - - - -- -- - -- ------------- ------------- ------------

1937.
Mesabi iron mine No.6, _____ do ____________ 6 40 maximum 16 110 are; Vertical holes sprung ------------------------ 25 percent ammonia dy- ------------

1937. 25 rock once in are. namite.
Mesabi iron mine No.7, _____ do ____________ 6 -------------- 16 60 Vertical holes ____ . ____ -- ---- - - - - -- --- ---- -- --- --------------------------- - - -- -- - - ----

1937.
Mesabi iron mine No.8,

{ChUm____________ 6 -------- ---_ ... -
16 80 _____ do ________________ ---- - - - - -- - - --- - - -- - - - -- 25 percent gelatin dyna-

} .09 (ore)1937. mite in are.
And air drills. _. __ - ------ - ---- -- ------ -- - - -- 16 28

~ ====do-_-.-.___-============
- - -- - - -- - ----- - - ------ -- 40 to 60 percent in rock___

Mesabi iron mine No.9, Churn____________ 6 ------------ -- 15 35 -- - - -- --- --------------- --- ---- - - -- -- _. - --- - -- - ----- ------------
1937.

Mesabi iron mine No. 10, _____ do ____________ 6 35 16 50 Vertical holes _________ - - - - - - - - - ---- --- - --- -- -- Gelatin dynamite, 50 to ---- - - - - - - --
1937. 80 percen t in rock 50

Weepah, Nev., 1936-37______ __ ___ do____________ percent in are.
------------ -------------- -------------- _____ do ______________ . _ ------------------------ -- --- ---- - - - - - - -- - - - - - - - - -- ------------

a Labor only.
13 Per cubic yard.

14 Later replaced by wagon drills.
16 Represents drilling speed per 8 hours, in feet.
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TABLE 55.-Data on power-shovel operations-Continued

3. SHOVEL LOADING

~
00
o

Shovel data Performance

Material loaded per shovel shift, tons or cubic yardsMine and year Num
ber Mounting Power

DiPper. Boom
siz~, length, I

CUbIC feet
yards Ore Waste

Utah Copper, Utah: 1928_________ 8
1934_________ 15

Uni~~~5~~r_~~,_~riz.,_~~~e_'_~i:~_ { I
Lower pit: 1928_________________ 4

193L { i
Chino, N. Mex., 1929 -'{ ~

New Cornelia, Ariz., 1930 { 1~

Sacramento, Ariz_________________ 7

Mesabi iron mine No.1, 1937 { ~

Mesabi iron mine No.2, 1937 { ~

Mesabi iron mine No.3. 1937 f ~

I

l 1

Mesabi iron mine No.4, 1937_____ 2
Mesabi iron mine No.5, 1937_____ 2

Mesabi iron mine No.6, 1937- - - - -11 ~

Mesabi iron mine No.7, 1937_----If !
Mesabi iron mine No.8, 1937 -'{ ~

Caterpillar____ A. C. electric _

do ___________________________ D. C. electric _

Traction wheels, full revolving_ _ Steam _
Caterpillar 16 do _

_____ do do _
Full revolving, caterpillar _______ Electric _

_____ do do _
_____ do do _
_____ do do _
Caterpillac D. C. electric _

_____ do do _
_____ do - _______________________ Steam __ - _
_____ do . __ ____ __ ___ DieseL _
_____ do ___________________________ Steam_ -- _
_____ do___ __ _____ __ __ ____ __ Electric _
Railroad_ __ ___ Steam _
Caterpillar, full-revolving_ _ Electric _
Railroad-type______ __ ___ Steam _

_____ do do _
Caterpillar_ ___ __ Elcctric _

_____ do do - _
_____ do - do _
_____ du ___________________________ Gasuline _
_____ do -__ __ ___ Elcctric _
_____ do___________________________ Gasoline _
_____do________ __ __ _ Elcctric _
_____ do do - _
_____ do do - _
_____ do do _
__ __ _do____________ ____ ___ Diesel-clcctric _
_____do____________ __ _______ Electric _
_____ do do _
_____do - _______________________ Steam __ - _
_____do do _
_____ do -____________________ Electric _
_____ do do _
_____do ___________________________ Steam _
1 caterpillar, 2 railroad do _

4~ 30 3,886 tons_ _____ ___ ____ _ 3,692 tons.

4~ 30 {~;~~6 i~~~~ ~ ~=============~~=~~== }3,752 tons.
8 1,000 cubic yards 1,000 cubic yards.
4 784cubicyards 784 cubic yards.
~4 _

1% 1,050 tons 1,050 tons.
4 _
3 _

~% }--------
8 1,190 cubic yards (1929L _________ 1,190 cubic yards (1929).
4 ------- {2,81O cubic yards (1931)- 2,810 cubic yards (1931).
1H
~H} 30 1,322 tons 1,322 tons.

3~2 1,038 cubic yards 1,038 cubic yards.

~H ~~ }1,000 tons 17 _

2 ~~ ________ _ _

~%} 29.5 2,500 tons

~. , \ 1 Qnn
l}4 J- -,---
3 125 1,900
~~4 - - -90 1400 1

7
_ - - - - - - - - - - - - - - - - - - - - - - - - - - -

5 28
~"U ::: ---------------------------------

~4 :::: - - -: } _

! }-------1- - - -- - - - ------ -- - --- -- - -- -- -- - -- --I
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Mesabi iron mine No.9, 1937-----I{
Mesabi iron mine No. 10, 1937 {
Weepah, Nev., 1936-37 _
Orogrande-Frisco, Idaho, 1937 _
Oronogo, Mo., 1938 _

Sulphur Bank, Calif., 1936 !{
Morencistripping, Ariz., 1938..._. {

3 do______ Electric _
1 do do _
1 do do _
1 do - do _
1 do___________ _ Gasoline _
1 do______________ __ __ __ DieseL- _

~ :~~jl~;i~i::::::::::::::::::::::: gr:~t~~~;:~]}
4 Full revolving caterpillar ________ Electric War d

Leonard controL
Bulldozer to each shoveL 1--------- I

~ I~~~~~~~~ }4,000

~ ~=~ ~ ~ ~ =~ }2,500 17 _

174 ________ 300-- - _
1 500-600 tons, work only 1shifL _
% 1,800 maximum (9 hours) _

174 28 35 tons 1 187 tons.

::~ }------- ------- ----1 5,000 tons.

16 Railroad type converted to caterpillar mounting. 17 Long-ton capacity in 8 hours.
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TABLE 55.-Data on power-shovel operations-Continued

4. HAULAGE

~
00
~

~
trj
H
>
~
I

~

~
~
Q

~
~

>o
H
H
o
[rj

12

5-4

4
4
3
5
6
4
4

(20)

4 loaded

Cars

10 tons (trucks) Sid e - dum p
trucks _

20 and 30 cubic yards____ Automatic air
dump.

.i~-;;~t{t~~~~~~~:~:~ ::: ~ :: ::-!~_~:_:_:_:_:_:_:~: I:::::~ ;;::

Power

53..5 I do .. I -- I I - - I

80
90
65

75

82..5

\Veight,
tons

a-ton Internal com- 17 trucks_
body. bustion.

90 Steam _____ 110+

67 ____ do _________ 82
53-54 _____ do_________ { 5

45
65 ____ d<L _______ 42

23

15

15

6

Locomotiyes and trucks

Number Nun be I Capacity, tons or cubic I Type I ~urnb.er
1 r yards m tram-1---_._--1-------:----1-

1
--------- 1---

FI t' {Ore, 80-90 tons_ - - - -- - - - - Railroad, ore_ --- Ore, 11
:-J ec rIC_ - - - - - - - - - - - - - - - - Waste, 30 cubic yards_ __ Air-dump,waste_ Waste, 5

Steam_._ 30 125 cubic yards- ---.1 Air-dump J 610aded

24

26

28

III 20

21 40

30

III 20

19 16

19 12

19 15

Maxi
mum
curva
ture,

degrees

__________ I 41 locOIn0

tives.

{

5 l~coYuo-

24 I tlves.
2 locomo-

tives.
17 trucks_

2~'2

12

18 2

184

182~

182~

18 3

182~

18 2.5

111 3

18 2

181.86

Maximum
grade,

percent

Average I-way
haul, miles

}0.8 _

Mine and year

United Verde, Ariz.:
Upper pit, 1925.

Utah Copper, Utah 1928 1 3.0
1

Mesabi iron mine No.8, 1937 1 2.75
1

_do _----- ____ __ _ 50 and,75 ton~ ore_ ___ _ R~i!road- -I}
do 20cublCyardswasuL AIr dump _
do 30 cuhic yards do _

_do {~g ~~~~C-Yards~~=======~- ~~i-l~~p=====~:
8 90 EI t' {75 tons __ ---------- -- ---- Railroad _

ec nc ----------- 20 and 30 cubic yards _ Air-dump _
4 65 Steam 50-75 tons___________ Railroad _
2 45 do____ __ __ 30 cubic yards___ __ __ Air-durnp _

~ li~ ::JL::_: }::::::::: ~~ ~~b~CYai:dS::::::::: ~~!a~~p:l}
Mesabi iron mine No.9, 1937 1.75_____________ 18 3 19 16 7 60 Electric {~g ~~~~C-Yards~========== ~ki-l~:~p==~====}

Mesabi iron mine No. 10, 1937 __ .5 ore; 7 waste_ 182H 19 18 3 109 SteaIn {50 ton~------------------ R~i_Iroad--------
30 CUbIC yards AIr dump _

"Veepah, Nev., 1936-37 0.25_ - _-- -_ _ 2 trucks_ __ __ __ Gasoline __ __ __ __ Trucks _
Orogrande-Frisco, Idaho, 1937__ ShorL ---- ---- -- ---- . __ 2 trucks_ __ __ _ _______ _____ 2 5-ton trucks 1 . 1_

Oronogo, Mo., 1938 ~~--------------- 15;average Trucks Gasolinc 3 plus, 1 IH-ton trucks _

:~~ { 41 1 ,do spare:_ 6tons____________

I

---------1-------- __
Difag;te. :::::::::: 18 trucks11:::::::::: g~~~\~I:i~O::::: ::::: !Pr3~~tJ~~;Y~3~Yai:dS-,:::::: ::::::::: ::::::::::

Sulphur Bank, ca.lif., 1936 1 ~waste; ~~ore __
Morenci stripping, 1938 0.6_. -- -- -- __ I

Lower pit, 1928
1 1

Ohino, N. Mex., 1929 _

New Cornelia, Ariz., 1930 1.5 ore; 1.8 waste_
Sacramento, Ariz., 1921. 1

Mesabi iron mine No.1, 1937___ 1, stripping 37~
ore.

M b ·· . N 2 1937 {1.5 ore; 0.75 I}esa llronmme 0., ---- wagte.
Mesabi iron mine No.3, 1937 6 _

Mesabi iron mine No.4, 1937 1

Mesabi iron yuine No.6, 1937 4 _

Mesabi iron mine No.7, 1937 2.5 _



5. OPERATING COSTS. A
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28.196
.160

.13926.110.048.035

128, 671 . 066
50,000 1_ - -- ------ 1__ ---- -- - -1--- - ----.- -1-' - --

19, 436 1--·- - - -- - -- _1 __ - - -- - _.- - - --I - -- - - -- - - -- - -1- - -- - - -. - - -- -1- - - -- - - -- - --

25 679,590

Ore mining

Cost of mining per ton

Tons IDrilling
and Loading Haulage Other I Total

blasting
-------------------

16,558,500 $0.027 $0.019 $0.053 $0.018 $0.117
4,086,800 .026 .020 .040 .022 .108

272,005 .149 .117 .104 .370
731,488 .139 .077 .086 .302

1,335,476 .051 .079 .131 .017 .278
2,621,340 .049 .036 .108 .014 .207
2,376,764 23.070 23.049 23.066 23.025 23.210

.160

.725

.670

$0.273

Total

.059

.018

$0.026

- - - - --- - - -, - - - - - - - - - -1- - - - - - -- -- - - - - - -1- - - - -- -- - -1- - - - -- - - - -, - - - - - - - - - -. - - - - - - - - - -, -- - - - - - - --

.211

.198

30.038

$0.145

.214

.161

$0.042

.241

.293

2g.0106, _

$0.0607,220,034

150,000
103,843

(approx.)

1,647,469
322,538

Cubic yards I Drilling d' I Haulage I Other
and I Loa Ing

blasting

Mine and year

Morenci stripping, 1938 1 1

Costs per cubic yard

Stripping and waste inclusions

Utah Copper, Utah:1928 _
1934 -- 1_ - - - - - - - - - - - - - - -1- - - - - - - - - -, - - - - - - - - - - ,- - - - - - - - - -, - - - - - - - - - -, - - - - - - - - --

United Verde, Ariz.:
Upper pit, 1925 _
Lower pit, 1928 _

Chino, N. Mex., 1929:
Steam shovels_______________________ 1,577,373 .107 .192 .284 .049 I .632
Electric shovels _____________________ 2, 976, 357 . 097 . 078 . 219 . 030 . 424

New Cornelia, Ariz., 1930_ __ 22 1,040,610 _
Sacramento, Ariz., 192L_________________ 24.202 24.130 24.200 24.016 I 24.548 , _

~:~~~~~rRfe~~~~3~oi7~6-months----~=~~~~ -- -- -- -- -63,-348- -----:122- ---- -:106- -- -- -.-092 --- -27: i06-\-- ---:343-,_ --- -- -- 1 , , , , _

(ore and waste)
Orogrande-Frisco, Idaho, 1937 , , , ,- _- --- ---_, -- - __ - - ---
Oronogo, Mo., 1938 _
Sulphur Bank, Calif., 1936 _

18 Compensated for curvature.
lQ On main lines.
20 200 cubic yards on favorable grades, 120 to 140 cubic yards on adverse grades.
21 Some 65° in early operations.
12 Tons.
23 Per ton ore and waste.
24 Per cubic yard are and waste.

25 Long tons of 2,240 pounds.
26 Includes track expense, $0.021.
27 Operating bulldozer.
28 InclUdes taxes, depreciation, and diamond drilling.
2Q Per ton, based on shovel operation and maintenance cost of $52.81 per 8-hour shift

and 5,000 tons per shift.
30 Per ton.
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TABLE 55.-Data on power-shovel operations-Continued
5. OPERATING COSTS. B
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Stripping, per cubic yard Ore mining, per ton

Mine and year Labor
and

super
vision

Com-
pressed I Power

air, drills, and fuel
and steel

Explo
sives

Other
supplies

and
general

Total

Labor
and

super
vision

Com-
pressed I Power

air, drills, and fuel
and steel

Explo
sives

Other
supplies

and
general

Total

---------------------1----.----1----1----1----1----1--__1 1 1 1 . _

~
t.;j
r-3

~
~
H

~
H

~
~

~o
r-3
H
o
t;g

.370

.302

.278

.207
23.210
25.332

32.411
.196

332.24

$0.117

.118

.124

.080

.060
23.025
25.033

$0.038

Fuel units per ton
or cu. yd.

0.003 ton coal.

0.016 barrel fuel oil.
0.0053 ton coal.

.046

.035

.023

.021
23.025
26.019

$0.015
.013

1. 45
.79

34.04
1. 79
1. 78

.038

.006

$0.012
.005

.023

.037

$0.008

.145

.100

$0.044
.035

.725

.670
.262
.274

.087

.079
.092
.014

.036

.081

Man-hours per ton or per cu. yd. I E~PIO-I Power

Drilling , Track '. ;~~~ds Kw-hr.,
anq. I Loading I Haulage I main- I Repairs I ~~~~~ I Total I per ton o~';,"uto:d.

blastIng tenancc i or cu. yd. .
I------I-----I-'--!

O. 032 I o. 028 O. 057 O. 122 0.084 I O. 028 I o. 351 I O. 241
.014 .011 .024 .031 .025 .013 . 118 . 105

.248

.222

Mine and year

Utah Copper, Utah, 1929:

~~~~~~~Je{o~~~~~ _~~~~~~ ~ ~ ~ ~ ~ ~ ~~= ~ =~===== ==~ === ======
United Verde, Ariz.:

Upper pit, 1925, ore and stripping per cu. yd- ---------- ---------- 1 ----------1---------- .678 .648

~t~~H:,~~;~E\i~~:t:t~;~::~~i;·g~:·~r:io~::~::::::::::::: ::::::::: :::::::::: :::::::::: ::::::::':::::::: .....:~: :m
MesabiironmineNo.L .014 .032 .083 .102 .231 .180

Sulphur Bank, Calif., 1936 -- _--- -- _------------------- ---------- ---------- 1 ---- _ --- _ -- 1 - __-_-_-__---'-{_35_}_6:_~_~0_}__·_7_00____'_ _

6. COSTS IN UNITS OF LABOR, POWER, AND SUPPLIES

Utah Copper, Utah:

~g~~============~ =================================1- --~~~ ~~~-1- --~~~~~~ -1- --~~~~~ -1- --~~~~~~ -1- --~~~~~~ -1- --~~~ ~~~-
United Verde, Ariz.:

Upper pit, 1925 _
Lower pit, 1928 . _

Ohino, N. Mex., 1929:
Steamshovels-__________________________________ .324 .012 .050 .048 .198 .632 .148 .0061 .021
Electric shovels . .__ ____ .227 .012 .012 .044 . 129 .424 . 114 .006 .005

New Cornelia, Ariz.: 1930___________________________ 23.125 23.001 23.034

~:~:~~ i~~~~~\in:l·~~p~n~pit-mines~--192-6-tO--193li,- ---------- ---------- ---------- ---------- ---------- ---------- 25.212 (25) 26.068 I

inclusive 31________________________________________ 30.274 .124 .287
Orogrande-Frisco, Idaho, 1938. . . .090 . 106
SUlphur Bank, Calif., 1936_ _____________ __ __ ____ ____ 23.169 __ __ __ 23.028 23.014 23. 142 23.353 1 1 1 _

23 Per ton ore and waste.
25 Long tons 2,240 pounds.
30 Cost of stripping and mining per ton of ore mined.
31 Craig, John J., Mining Directory of Minnesota, 1937: Bull. University of Minnesota,

vol. 40, No. 39, May 1, 1937, p. 226.

u Stripping, $0.274, and royalties, $0.449, gives total production cost of $1.134.
33 Cost of stripping and mining per ton of ore.
34 Power for shovels only.
35 Per ton of ore for stripping and ore mining.
3e Per ton of ore and stripping.



METAL-MINING PRACTICE

ORE DRESSING

385

INTRODUCTION

In this bulletin the subject of ore dressing is approached from the
economic rather than from the technologic standpoint, and the sup
porting data have been compiled with a view to their bearing upon
the economic exploitation of ore deposits. Results obtained are
stressed rather than the details of processes and the physics and
chemistry involved. For discussions of the latter, the' reader is
referred to numerous publications prepared by the Metallurgical
Division of the Bureau of Mines, textbooks on ore dressing, the
technical journals, and publications of the technical societies.

The object of ore dressing is, broadly, to prepare the crude ore for
more economical transportation and for further processing to recover
the metallic contents. Although perhaps not ore dressing in the
strict sense of the term, the direct extraction of the metals (especially
the precious metals) from the ores also is considered here as an ore
dressing or a "milling" process. Preparation by ore dressing includes
the concentration of the valuable minerals within a smaller bulk than
that of the original ore by removal of worthless constituents, the
separation from each other of the different valuable minerals to give
separate products in each of which the minerals of one metal pre
dominate, or the removal of constituents that have a deleterious
effect in further processing and thus result in a penalty charge by the
smelter.

By concentrating the metal contained in the crude ore through
removal of valueless constituents, the gross weight is reduced to a
fraction of that of the original ore, thus lowering the transportation
cost per unit of contained metal. Many ores that could not possibly
be worked if shipped in the crude state can be worked profitably if
concentrated before shipment.

In commercial concentration processes some ore mineral is neces
sarily lost in the tailing or reject, the percentage so lost ranging be
tween wide limits, depending on the character of the ore and the
refinements of the ore-dressing methods employed. The question of
how far to go with ore-dressing refinements to effect a high percentage
of recovery of the valuable constituents of the ore is an economic one.
Each step in the concentration of an ore adds to the cost of the
operation, and unless the value of the additional mineral recovered
exceeds the extra cost of recovering it, the refinement is obviously
uneconomical.

Complex ores containing minerals of two or more metals frequently
can be exploited economically only if the different metals are sepa
rated before smelting. For example, lead ores or concentrates are
charged a penalty by the smelter if they contain more than a certain
percentage of zinc 84; and if the zinc content cannot be reduced below
a certain limit, the penalty, which increases with increase in zinc
content, may be so great that it would be unprofitable to operate.
In this connection it is noted that many complex western ores could

84 Gardner, E. D., and AUsman, Paul T., Open Schedules for Gold and Silver Ores and Concentrates
at Western Custom Smelters: Bureau of Mines Inf. Circ. 6926, 1936,25 pp.



386 METAL-MINING PHACTICE

not be worked profitably and were left unmined for years even though
high in lead, zinc, and silver, before concentration by differential
flotation was developed. By means of differential flotation it became
possible to make a high-grade lead concentrate containing very little
zinc and a high-grade zinc concentrate containing little lead, both of
which could be shipped profitably.

Table 56 is reproduced from Information Circular 6926 to illustrate
the charges made by smelters for excess deleterious elements.



TABLE 56.-Schedules for gold and silver ores at lead smelters (July 1936)

Payments

Gold l Silver 2 Lead 3 Copper 4

Plant I I
I Payments Deduction Percent Deductions Percent Iron andMinimum Minimum Minimum

paid for, I paid for, deductions, Percent of quota- --------- ofquota- lime
tion after tion after

ounce per Classes of Rate per ounce per ounce per paid for Cents per deduc- Pounds Cents per deduc-
ton or~~~~~~es ounce ton ton Units pound tion per ton pound tion

El Paso, TOlL -- __ ------ -------- --I
----------------------------

0.03 AIL _______ $32.81825 0.5 595 1.5 1. 425 690 8 5.025 795

.02 AIL _______ 31. 81825 1.0 .5 95 1.5 1.5 15 90 15 5.5 100 {IrOn,lOMurray, Utah____________________
Lime. l1

{~~3:~_~:: :
31. 81825

}-----East Helena, Mont. 13_____________ .03 32.31825
1.0 95 1.5 1.5 690 20 6.0 14 100 I Iron.l55-10_______ 32.6743

Over 10 ___ 33.0304
{Under 5___ 31. 81663 fSelby, Calif.l15 ____________________ .03 5-15_______ 32.31663 1.0 1.0 95 -------- ----------

o __________
---------- 0

Over 15___ 32.81663
{Under 5___ 31. 81663 }Do,18 _________________________ .03 5-15_______ 32.31663 1.0 1.0 95 -------- ----------

o __________
---------- 0

Over 15___ 32.81663
Leadville, Colo,2°_________________ .03 {~;er-1_- ~ ~= 31. 81825 } 1.0 95 1.5 0 90 20 6.5 100 Iron,2132.31825

Do,22 _________________________ .03 fb~er-i_-~==
31. 81825 }----------- 1.0 95 1.5 1.5 28 100 20 6.5 24 100 {Iron. 25
32.31825 Lime. 26

DO,29 __ - ______________________
1

.03 {~~er-l:~==
31. 81825 }----------- 1.0 95 1.5 1.5 90 20 6.5 10032.31825

Midvale, Utah___________________ 1 .02 fb~er-5_-~== 31. 81825 } 1.0 .5 95 1.5 1.5 31 90 32 15 5.5 90 Iron.33(30)
{Under 5- __ 31. 81825 }

Kellogg, Idaho 36 _________________ .05 5-10_______ 32.17431 1.0 -- ------ ---- 37 95 1. 25 0 690 20 8.0 38 100
Over 10___ 32.53037

{Under 5- __ 31. 81825 }DO.41 _________________________ .05 5-10_______ 32. 17431 1.0 1____________ 37 95 - - ------ ---------- 0 20 8.0 38 100
Over 10___ 32.53037

See footnotes at end of table.

o
~
o
!;d
trj
w.w.
~
Cj)

~
00
"-1



TABLE 56.-Schedules for gold and silver ores at lead smelters (July 1936)-Continued

Deductions

~
00
00

Treatment charge Penalties

Plant Insoluble Zinc Arsenic (As), antimony
(Sb), tin (Sn) Bismuth 8ulfur Moisture

~
ttj
1-3

~
~
t2
H

~
~

~

~
o
H
H
o
ttj

o
o

o

$2.00

2.50

10 $0.05 I 0

.25 I 2.50 10 .05

10 .05

.25 2.50 0

4°.25 2.00 ()
.20 I $2.00

.2,) 2.00 , 6 .20 2.00

$0.20

.25

.50

.50

.50

.50

.50

2.50

2.50

$0.50

o
.50

.05

.05

.05

(35)

o

.50

.50

1. 00

1. 00

1. 00

o
1. 00

1.00

$0.50 } (0)
1. 50
.50 - _

.50 } (ll)
2.00

{

AS }
Sb _
Sn _

{

AS }
8b _
Su _

{~~ ~ - - - -} . 5
Su _

{

AS }
8b______ .5

{~~= ~ ~ =~~ }8b______ .5
8u _

{~=-===== r~--
{

AS } 0
8b _

.50

.30

.30

.30

.30

.30

o

$0. 30 I{~~+sn==
.30 As+Sb __

. 30 {~~ =~ ~ ~ ~ =

5
6

.5

.10

o

$0.05

.10

o
o

6. 00 I (17)

6.00 , _

8.50

------I}
- - ~ ~ - .-

10. 00 I}-- ---

Maxi
mum

6.00

6.50
(Ill)

6.00

4.00
(27)
(28)

S.50

$~8)70 --$6:70-}
2.50
6.00 }

~: 8~ ---6:00-

Base
per ton

Gross value,
dollars

All

fb~~r-35_-_- ~ ====~

I iiPenalty. Penalty Penalty Penalty x' Penalty Maxi-
unitsl Chargel Units Iper unitl Element IUnits Iper unit Units per unit Units per unit ~.a~- Units per unitl mum
free per unit free for ex- ~r ~~i- free for ex- free for ex- free for ex- pe Ualty free I for ex- pen-

cess n on cess cess cess n cess alty
1------1---1--1------------------_---- - _

All

-- -- -________ _I{~=~O= =========-=
10-50

Leadville, 0010. 20

El P T {0-25 _aso, ex -- Over 25 _
Murray, Utah (12) _

East Helena, Mont. 13 .. __ {~o~~o~~ =~ =~ =~ ==_
Over 40 _

Selby, CaliLI6 AIL
1

:~vale, u~a~6--------__ -1 (:?-------------I ~. ~Oog, Ida 0 ()_____________ 1. 0

Do 41__ {0-20____________ 6.50 I -------I}----• --------- --- - (42) . . 9.00 -



I Payments on gold are based on the new mint price of $35 per ounce (net $34.9125).
2 Payments on silver are based on the new mint price for new American mined ore at

77 cents per ounce.
3 Payments on lead are based on the New York quotation for common desilverized lead.
4 Payments on copper are based on the Engineering and Mining Journal quotations.
5 Less a deduction of 1H cents per ounce.
6 Nothing paid for lead less than 5 percent wet assay.
7 Nothing paid for copper less than H percent.
8 Add 10 percent to the base charge for the excess value over $25 per ton.
g 0.1 percent of the wet-lead assay free.
10 Pay for all at 6 cents per unit.
11 Pay for all at 5 cents per unit if 5 percent or over.
12 Add 10 cents to base charge for each unit of lead under 30 percent and deduct 10 cents

for each unit of lead over 30 percent.
13 Siliceous-ore schedule; schedule for ores and concentrates with an excess of iron are

identical, except that treatment charge is a flat $5 per ton.
14 Nothing paid for copper less than 1 percent.
l/j No credit.
16 Schedule for gold concentrates.
17 Add 10 cents per ton per unit of iron short of 25 units excess over insoluble.
18 Schedule for crude siliceous gold ore.
tg Add 10 percent to the base charge for the excess value over $35 per ton.
20 1934 schedule for iron ores and concentrates; applies only on ores and concentrates

containing 20 percent or more of iron excess over insoluble.
21 Excess over insoluble all at 10 cents per unit not to exceed $3 per ton.
22 Crude-ore open schedule.
23 When lead is over 9 cents per pound deduct 25 percent of the excess.
24 When copper is over 15 cents per pound deduct 25 percent of the excess.

211 Pay for iron plus manganese at .5 cents per unit but credit is not to exceed charge for
insoluble.

26 All at 8 cents per unit if 10 percent or over.
27 Add 25 percent of gross value to the base treatment charge when it is between $8 and

$10.
28 Add 10 percent of the gross value to the base charge when it is between $10 and $50.
2g 1934 siliceous ore special for ores with 50 percent excess insoluble.
30 On direct smelting ores containing over 5 ounces gold per ton the price per ounce for

the excess will be to the mutual agreement between the buyer and shipper.
31 No payment for lead under 3 percent dry assay.
32 Minimum deduction.
33 All at 6 cents per unit.
34 Based on 30 percent drJ-Tlead assay. Debit 10 cents for each unit of lead under 30 per

cent and credit 10 cents for each unit of lead above 30 percent.
35 The Midvale smelter reserves the right to reject any shipment containing more than

0.1 percent bismuth.
36 Lead are open schedule.
37 Ore over 35 ounces per ton deduct 2 cents per ounce.
38 No payment for copper under 1 percent or when quotation is 8 cents per pound or less.
30 Based on 50 percent lead. Add 10 cents per unit when over 50 percent and deduct

10 cents per unit when under 50 percent.
40 Penalty only applies to ore under 20 percent lead; no penalty for are 20 percent lead

or over.
41 Siliceous are open schedule; ores containing no lead or under 5 percent for which no

payment is made (lead determined by wet method less a deduction of 1M units).
42 Between $20 and $35, $7.00 per ton; between $35 and $50, $7.50 per ton; between $50

and $75, $8.00 per ton; between $75 and $100, $8.50 per ton; over $100, $9.00 per ton.
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Gold and silver associated with base-metal ores usually are re
covered in the smelter, where the base metal acts as a collector; later
they are separated from the base metals in the refining process.
Straight gold and silver ores or those containing only very small
percentages of base metals (commonly known as dry siliceous ores)
usually can be treated most economically at the mine by processes
that result in the direct production of bullion. This avoids the cost
of shipping ore and concentrates and payment of smelter charges and
deductions, so that tIle net return to the miner on the gold and silver
may range from a few to 15 or more percent higher than the amount
that would be received were these 11letals recovered at the smelter.
Sometimes it is profitable to recover part of the gold and silver by
amalgamation or cyanidation and also produce a high-grade concen
trate containing most of the associated sulfide minerals and the bal
ance of the economically recoverable precious metal. The most
profitable procedure will be determined in a given instance by local
conditions, among the determining factors being the concentration
ratio, the cost of milling and the percentage of recovery that can be
made at the mine, the freighting cost, and the smelting charges,
including deductions on ores and concentrates. These and other
factors will be discussed briefly but in greater detail under Gold
Ores.

The minimum grade of ore that can be smelted directly without
previous ore-dressing treatment varies, depending largely on the
natural fluxing characteristics of the ore, total tonnage of ore, distance
to the sInelter, haulage and freighting costs, and variations in treat
ment charges as between different ores and concentrates. An ore
that is self-fluxing may be of lower grade for direct smelting than one
that requires the addition of a large amount of barren flux. On the
other hand, a low-grade ore sometimes may be profitably mined and
shipped direct because it is high in silica, iron, or lime, or some other
fluxing material required by the smelter. The total tonnage of ore
available may be a governing factor, since if it is large enough and
fuel and flux likewise are available within a reasonable distance, it
may pay to erect a smelter near the mines, whereas if the tonnage is
small the returns would not be large enough to amortize the capital
outlay for a smelter and pay a profit on the venture. Isolation of the
property and consequent high costs for freight obviously raise the
cut-off grade between direct smelting and Inilling ores. Another
factor is the concentration-ratio (tons of crude ore per ton of con
centrate produced therefrom) and the percentage of recovery by
concentration. The higher the concentration ratio without appre
ciably reducing the recovery, the greater is the advantage in con
centration before shipment.

Selection of the best method to employ in a given instance requires
not only highly specialized technical knowledge but also a knowledge
of relative costs and ability to appraise correctly the various eco
nomic factors involved. The economic factors include average price
of metals to be recovered, total tonnage to be treated, capital avail
able, water supply, commercial affiliations of the COITlpany, royalties
on processes and equipment, situation with respect to market and
supply bases, transportation facilities, availability of power and fuel,
facilities for disposal of tailing, character of labor supply, construction
costs, and government regulations.
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Ore-dressing methods fall naturally into two general subdivisions
(1) concentration methods and (2) direct-recovery methods (amal
gamation and leaching or wet methods).

Concentration methods are employed to remove worthless gangue
material and concentrate the valuable minerals of the crude ore in a
smaller bulk. Thus, cobbing and hand sorting are crude yet in some
instances very efficient concentrating processes. Drying to remove
excess moisture in the ore is another simple form of concentration
that reduces the relative weight of a worthless constituent of the ore
(water) to that of the ore minerals.

Where all or most of the metal is present in the fines resulting from
crushing, concentration may be effected by simple coarse crushing
and screening, in which case the screen oversize is discarded.

However, the principal concentration methods and those having
the widest application to all kinds of ores are gravity and flotation
methods. Gravity concentration usually is effected in water or,
less often, in a heavy-liquid medium and is based on differences in
specific gravity of the ore and the gangue minerals. The formation of
placer deposits is an example of natural gravity concentration, and the
recovery of placer gold by panning, rocking, and sluicing exemplifies
.simple forms of artificial gravity concentration. Dry gravity con
centration is exemplified by the separation of placer gold and asso
ciated heavy minerals from the lighter sands by agitation of the
material by means of air pulsations through a riffled, porous deck.

Flotation concentration is effected by causing the selective attach
ment of a froth to certain millerals in a finely ground ore and agitated
with water and frothing reagents. The froth, by its buoyant effect,
causes the attached mineral particles to float, whereas the associated
gangue minerals comprising the ore will sink. Another importa,nt
method is magnetic concentration whereby particles of magnetic
minerals are removed from a moving ore stream by electromagnets.
Electrostatic separation also is employed sometimes, principally in
dressing nonmetallic minerals.

Although the best general method of treatment for an ore may be
apparent at the outset, it often is not and must be determined and
details worked out by preliminary testing in the laboratory, ina pilot
plant, or both, if a high extraction and low cost are to be obtained.
One can seldom, if ever, visit a commercial ore-dressing plant, no ill.at
ter how long it has been in operation, in which some changes are not
being made or contemplated, unless the source of ore supply is nearly
exhausted, which emphasizes the point that careful ore testing should
always precede the design of a new plant. Seldom are there two dis~

tricts in which the ores respond equally well to exactly the same de
tails of treatment, and often the ores from mines in the same district or
even those from different sections of the same mine require different
treatment to obtain optimum results.

GOLD ORES

The fact that 'a product of high value and small bulk can be pro
duced at a gold mine, often by relatively simple milling processes, has
made it possible to operate gold mines successfully in remote and in
hospitable regions where high costs of transportation, fuel, and power
would make it impossible to exploit profitably base-metal ores of equal

141609°--39----26
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dollar value. Asa result, in many instances gold-mine development has
been the advance guard of civilization in regions where other mineral
resources were developed later and agriculture and industry followed.

TYPES OF GOLD ORES

From the milling viewpoint, gold ores may be grouped as follows:
1. High-grade ores suitable for shipment to smelters or for treatment by direct

refinery Inethods without intermediate concentration.
2. Free-milling ores in which most of the gold may be amalgamated with mer

cury after suitable grinding, but without roasting, leaching, or other preliminary
treatment.

3. N onamalgamating ores, which, because of intimate association of the gold
with pyrite, antimony, or arsenic, combination with tellurium, rusty oxide coat
ings, or the presence of graphite or greasy substances, must be subjected to treat
ment by other methods than amalgamation.

4. Ores that ,vill yield part of their gold content by amalgamation but have to
undergo additional treatment by other methods to give a satisfactory over-all
recovery. Most ores belong to this class, although the distinction bet,veen such
ores and those of the preceding and following groups is based more often on eco
nomic rather than physical considerations.

5. Ores that contain small amounts of amalgamable gold, with most of the gold
in other forms, carrying, in addition, secondary amounts of base metals that are
worth the expense of recovery.

6. Highly siliceous ores, often of low grade, which are salable under certain
conditions to lead 'or copper smelters for use as flux. They may comnland a pre
mium for their fluxing value over and above the value of their contained gold.

7. Base-metal ores in which the gold has minor or secondary value. These con
tribute heavily to tot91 production, but since they are milled in plants designed
primarily to recover other metals they are not considered further here.

8. Placer gold. Recovery of metal from this type of material has been touched
upon in an earlier section. A combination of gravity concentration and amal
gamation generally is resorted to for treating placer material, the gold having been
partially concentrated by natural agencies.

METHODS OF TREATMENT

In the milling of gold ores, as with other kinds of ores, the treatlnent
that will give the best metallurgical and economic results in any par
ticular instance is determined primarily by the character of the ore,
although other factors previously mentioned must be considered also.

The principal ore characteristics that govern the selection of the
milling method are grade of ore and uniformity of tenor, the size of the
gold particles, the nature of the associated minerals, and the degree to
which the gold particles are locked within them. The details of the
process also will be determined by these characteristics and to a con
siderable extent by the crushing and grinding qualities of the ore.
. Ores of very low grade usually can be exploited successfully only
when treated on a large scale in plants of high capacity, which involve
heavy initial capital outlay. Higher-grade ores may be treated profit
ably in smaller plants with lower initial outlay per dollar of output,
unless the ore is refractory and a complex, expensive treatment is un
avoidable. Extremely rich ore mined from "pockets" usually is hand
sorted and treated in the mill refinery or is shipped direct to a slnelter.

In mills treating rich gold ores it is usually necessary to employ
more than one process to recover a high percentage of the gold. The
tailing from the first or primary process employed to treat such ores
usually carries enough gold to warrant secondary treatment by another
process with or without regrinding or by the same process after re-
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grinding. With low-grade ores it may be necessary to employ two
or more processes also, the first to produce a product from which a
large part of the gangue has been relnoved and the following ones for
extraction of the gold or production of a high-grade concentrate.

Plants for treating ore of uniform grade are the simplest to design
and operate, other things being equal. Sudden additions of consider
able high-grade ore to an average medium or low-grade mill feed tend
to throw the process out of balance and usually will cause increased
tailing loss. However, if the high-grade ore is free milling, the feed
to the next process may be kept more uniform by first removing much
of the gold by amalgamation; or, if the high grade contains coarse
gold, by catching it in traps before the ore passes to the main process.

The size of the gold particles in tIle ore often has considerable in
fluence on the method of treatment to be employed. Because gold is
malleable, ordinary grinding will not reduce coarse gold particles to
a size that can be dissolved completely by cyanide in the time usually
given for solution of fine gold in cyaniding practice, and it is, there
fore, desirable to remove coarse gold first by means of traps, blanket
tables, jigs, or other devices.

If the gold occurs in extremely small particles, the ore must be
ground fine to liberate thenl from the gangue and expose their surfaces
to contact with cyanide solution, or with mercury, as the case may be,
or to permit making a high-grade concentrate without carrying into
the tailing prohibitive amounts of gold attached to the gangue par
ticles. The fineness of grinding m3Jy be determined to some extent
by the milling method, which in turn is influenced by the associated
minerals, their grindability, and their effect on the applicability of the
cyanide, amalgamation, or concentration processes. If the gold is
closely associated with sulfides of t:he base metals, relatively coarse
grinding may suffice for gravity or flotation concentration; whereas,
if associated with quartz or silicate Dlinerals, much finer grinding may
be required to liberate the gold for a,malgamation or cyanidation. If
the gold is in such fine state and so intimately associated with the
gangue minerals, whether sulfides or other minerals, that sliming is
necessary to liberate it, cyanidation usually is the best method of
recovery to employ unless the ore contains deleterious constituents
in quantities sufficient to inhibit solution of the gold, foul the solu
tions, or react with the cyanide. In some ores of this kind, however,
the finely divided gold is contained principally in sulfides that can be
concentrated at relatively coarse sizes by flotation, permitting the
discard of a large part of the gangue before finer final grinding and
treatment of the concentrate by cyanidation.

The nature of the associated ore minerals is one of the most im
portant factors in the selection of treatment methods. Certain con
stituents of ores may, by causing poor extraction or high operating
costs, rule out of consideration a treatment that otherwise would be
suitable, or may compel the use of expensive steps that otherwise
would not be required.

Pyrite is present in most unoxidized gold ores, where it nearly
always contains some gold. Complete liberation of this gold from the
pyrite usually entails fine grinding" the cost of which may be pro
hibitive; and, even if freed, the gold particles often retain a surface
film of sulfide capable of preventing amalgamation. Generally it has
been found that ores containing much vein pyrite will not yield a



394 METAL-MINING PRACTICE

satisfactory gold recovery by amalgamation alone but must be treated
further by concentration or cyanidation. Where flotation is employed,
it may be followed by cyanidation of the concentrates, of the tailing,
or both, or by smelting of the concentrates.

Other base-metal sulfides have effects similar to those of pyrite and,
in addition, nlay have a slight tendency to foul mercury, but usually
only the sulfides of arsenic, antimony, and bismuth are likely to cause
much trouble. If the sulfides are partly oxidized, however, enough
acids and soluble sulfates may be formed to give serious trouble in
the cyanide process. Pyrrhotite (FenSn+l) is slowly dissolved by
cyanide solutions, consuming cyanide, and also has the power of
absorbing the oxygen that enters into the reaction.

Base-metal sulfides are seldom abundant enough in gold ores to
make it profitable to save and market them separately. Occasionally,
however, their presence, even in small amounts, has caused the treat
ment to be nlodified slightly where they can be recovered cheaply to
furnish an additional source of revenue. At the Alaska-Juneau mine
lead is present in very small quantities (a fraction of 1 percent) but
the tonnage treated is large (currently about 11,000 tons per day) and
the aggregate amount of lead is worth saving in the form of a con
centrate, which is shipped for smelting.

Arsenic and antimony if present in appreciable quantities cause
serious trouble. Sulfarsenides and sulfantimonides are present in
many gold ores, and these, together with the sulfides, cause "sickening"
of the mercury in the amalgamation process, chiefly by coating it with
a black film that causes the mercury to separate into small globules.
Partly decomposed arsenic and antimony minerals and the oxides
realgar and orpiment are particularly injurious. Some arsenic and
antimony compounds are soluble in cyanide solutions and cause high
consumption of cyanide; they also tend to foul the solutions to such
an extent that gold and silver cannot be dissolved, or they may form
redueing compounds that will precipitate gold already dissolved.

Tellurides of gold and silver, important ore minerals in some dis
tricts, do not amalgamate directly and cause sickening of the mercury
as well. Sodium amalgam will amalgamate with theIn, however.
It long has been thought that they are not amenable to ordinary cya
nidation but are soluble in bromocyanide, and the usual practice has
been to roast telluride ores before cyanidation. Recent research
has demonstrated that tellurides are soluble in cyanide if ground fine
enough, but it is probable that the extra expense of fine-grinding
often will exceed the cost of preliminary roasting to obtain equally
good extraction.

Certain metallic oxides, carbonates, hydrates, sulfates, and arse
nates, as well as soluble sulfides, forIn a group known collectively as
cyanicides. They react with cyanide, forming double cyanides,
which dissolve gold and silver very slowly, if at all, or they may decom
pose the cyanide and th.us destroy its value as a solvent. Soluble
copper salts are perhaps the most troublesome cyanicides, for, in
addition to reacting with the cyanide, they deoxidize the solutions.
Along with ferrous sulfide, sulfate, and other salts, their effect cannot
be counteracted by the addition of lime to the pulp but they can be
partly renloved by a preliminary acid or ammonia wash. Partial
oxidation of sulfide minerals may prevent successful direct concen-
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tration by flotation, although special conditioning reagents may be
used to make them amenable to this process.

The priIlcipal gold-milling methods include hand-sorting, amalga
mation, gravity concentration, flotation concentration, cyanidation,
and various combinations of two or more of these methods; chlorina
tion. is seldom employed in modern plants, though at one time it was
used to a considerable extent.

In all of these methods except haIld sorting, crushing and grinding
of the crude ore are the preliminary steps, and in some instances
where coarse crushing is done in stages, sorting may follow the first
stage.

AMALGAMATION

There are two principal methods of amalgamation-plate amalga
mation and barrel amalgamation.

In plate amalgamation the ore is crushed wet in stamp mills or
ground in ball mills and the resulting pulp flows over copper plates
(often silvered), which are coated with amalgam and mercury.
Particles of free gold and silver cOllling in contact with the mercury
alloy with it to form gold-silver amalgam, which adheres to the plates.
Where stamps are employed, the screen openings range from about 12
to 40 mesh as a rule, which determines the maximum size of ore
particles in the pulp passing over the plates.

Mercury sometimes is introduced into the stamp mortar, also,
especially if there is much coarse free gold in the ore. The plates are
dressed every few hours, the intervi:LI depending on the grade of the
ore, amount of sickening that takes place, the scouring action of the
pulp, and degree of discoloration of the plates by chemical action.
Dressing usually comprises brushing the plates from the bottom up
ward with a whiskbroom or rubber scraper to remove excess amalgam,
sprinkling fresh mercury on the resulting bare or thin spots, and
working the mercury until the surface shows the proper amalgam
condition. At longer intervals the plates are thoroughly cleaned and
re-dressed with mercury. The gold is finally recovered by squeezing
out excess mercury, retorting the amalgam, melting down the resulting
sponge gold and casting it into bars.

The stamp mill is not an efficieIlt crushing machine, although it
has been retained in a number of Jmills, some of them quite large,
probably owing to the fact that the investment had been made or to
the peculiar crushing characteristics of the ores. It has some advan
tages in mills of small capacity bec31use of the small unit capacity of
each battery, which permits shutting down one or more batteries
without lessening the efficiency of the others, and because of the
comparatively low first cost.

Figure 143 is the flow sheet of the Argonaut mill as it was in 1928,
which was typical of stamp-mill plate-amalgamation practice in the
Mother Lode (California) district at that time. After passing over
the plates, the pulp went to vanners for gravity concentration, and
the vanner tails were cyanided in a separate plant. Figure 144 is
the flow sheet of the south mill, Homestake mine, in 1927, which
employed two-stage grinding andanlalgamation; crushing is done by
stamps and grinding by rod, tube, aJO.d ball mills.
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Barrel amalgamation usually is employed for treatment of heavy
concentrates from corduroy or sand tables or from coarse-gold traps
and other small batches of rich material. The barrel is a revolving
steel cylinder. It is charged with a batch of concentrate and a light
load of grinding balls to break up the material and to scour and
brighten the surfaces of the gold particles. After the barrel has
rotated for several hours, an excess of mercury is added to it and it
is revolved for 2 or 3 hours more. The batch is then discharged, the
mercury and amalgam are recovered by panning, and the gold is
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FIGURE 143.-Flow sheet of Argonaut mill, California.

recovered from the amalgam by retorting. Pan amalgamation is
employed similarly for treating small batches of very rich concen
trate; the concentrate is ground with mercury in cast-iron tubs or
pans equipped with rotating dies or grinding shoes.

CONCENTRATION

Concentration is enlployed for the purpose of segregating the gold
in a product of relatively small bulk~ for direct shipment to a smelter or
for further treatment in the mill. For many :years gravity concen
tration was virtually the only concentrating method employed in gold
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mills, but in recent years flotation nlethods have been used widely,
especially in the flow sheets of new mills.

As an adjunct to other methods, concentration may effect marked
savings in operating costs. Thus, it is often possible to produce a
concentrate containing most of the gold after relatively coarse grinding,
then fine-grind the concentrate preparatory to extracting the gold by
cyanidation or amalgamation. Since fine-grinding usually is the most
costly operation in gold milling, it is obvious that where it can be
restricted to a concentrate, tlle bull{ of which is only a fraction (some
times a very small fraction) of that of the original ore, the saving in
cost is appreciable. Furthermore, the constituents of the ore that are

A B

FWURE 144.-Flow sheet of south mill, Homestake mine, South Dakota. A, Ooarse-grinding section,
1927. B, Fine-grinding section, 1927.

most abrasive and difficult to grind are often the gangue minerals that
are largely removed by concentration.

TIle principal gra.vity-concentrating devices now employed are
stationary blanket tables, concentrating cones, jigs, shaking tables,
and vanners. Concentrating cones or traps frequently are employed
to remove coarse gold from the circuit before it passes to the main
treatment process; they are commonly placed between the primary ball
or rod mill and a classifier operating in closed circuit therewith. Jigs
are installed for a similar purpose at some point near the head of the
flow sheet.

Blanket tables are stationary sloping surfaces covered with cordu
roy, coco matting, or other coarse-woven fabric. Corduroy especially
nlanufactured for this purpose is probably the best material to use
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because of its durability and the riffling action of the ribs of the cloth.
The pulp from the grinding mills is passed in a thin stream over the
table, and the coarse gold and heavier minerals are caught and held on
the cloth. The blankets are taken from the tables and washed in a
tub or vat at frequent intervals to remove the concentrate, which is
then treated in an amalgam barrel, cyanided, or shipped to a snlelter.

Shaking tables are of several types, but all operate on the same basic
principle. They consist of a flat, sloping deck, fitted with thin,
tapered riffles running parallel or diagonally with the long dimension
of the deck (for sand feed) or are covered with fabric (for slime feed).
All eccentric mechanism is employed to oscillate the deck in a longi
tudinal direction. The pulp, which should be sized or classified for
best results, is fed in a thin stream over the deck, the light gangue
minerals being washed over the lower side of the table whereas the gold
and heavy minerals are caught behind the riffles and moved along
toward the end of the table by the jerking motion.

Figure 145 is a flow sheet of the Alaska-Juneau mill (1929), in which
tables are employed to produce a high-grade gold concentrate that is
treated by amalgama.tion, a middling or shipping concentrate, and a
tailing product.

Vanners formerly were employed extensively for concentration of
slime material, but a low extra,ction usually resulted because of the
tendency of very fiIle gold particles to float off with the gangue.
Usually, appreciably higher extraction of gold from slimes can be
obtained by flotatioIl or cyanidatioll.

Classification is a form of concentration that usually is employed
more specifically for the purpose of separating the coarse fronl the fine
ma.terial (the sands from the slimes) and in the usual gold-mill flow
sheet is employed in the grinding section to separate coarse material
that requires regrinding from th.e fine slimes that are ready for the
next stage of the process. Classifiers may be either in closed circuit
with a grinding mill (usually a, ball, pebble, or rod mill), in which case
the sands are returned to the mill froIn which they were received, or
in series with a second mill.

Flotation is used principally on gold ores that carry enough sulfide
mineral to stabilize a froth, although it has been applied successfully
in connection with other methods to the treatment of oxidized ores
containing little if any sulfide mineral. The flotation concentrate
may be a finished product that is shipped to a smelter or it may be
treated further for extraction of the gold by direct cyanidation or by
roasting follo"W~ed by cyanidation. Flotation reagents are now avail
able that will not inhibit amalgamation, and flotation concentrates are
sonletimes treated by amalgamatioll fOT recovery of the gold.

In some mills a quick recovery of coarse, rich material is accom
plished in a "unit cell" placed in the grinding section, usually between
the ball mill and classifier or after the classifier and just ahead of the
main flotation circuit, ,vhich thus performs a function similar to th.at of
a concentrating cone or jig placed at the same point in the circuit as
mentioned previously.

Figure 146 is the flow sheet of a sillall mill at Burgdorf, Idaho, in
which a jig follows the ball mill and the concentrate from the jig is
cleaned on a Wilfley table and amalgamated in a barrel. The jig
tailing and the WilHey table tailing are classified, the sands being re-
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turned to the ball mill for regrinding while the slime ("overflow" in
figure) is concentrated on tables covered with rubber matting. The
tailing from the tables is treated in a five-cell flotation machine. In
this mill, therefore, flotation is employed as an adjunct to gravity con
centration ~nd amalgamation to recover additional gold from the
tailing.
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FIGURE 145.-Flow sheet of Alaska-Juneau mill, Alaska.

Figure 147 is the flow sheet of a small gold concentrator in which
straight flotation is employed, the overflow from the classifiers being
fed directly to two sets of flotation cells in parallel, the cleaner cells of
which produce a finished concentrate for shipment to the smelter.

There are so many different ways in which flotation is combined
with other methods of recovery that neither figure 146 nor figure 147
can be said to be typical; they merely represent two extremes, one in
which flotation is an adjunct to the mill for recovering gold in the mill



_ v~~~ other in which flotation is the only process. Flotation
\_AJncentrates often are treated by cyanidation, usually after regrinding,
in which case reagent strength and consumption per ton usually are
higher than when raw ores are cyanided.
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FIGURE 146.-Flow sheet of Golden Anchor mill, Burgdorf, Idaho.

CYANIDATION

The cyanide process is based on the work of MacArthur and the
Forrests (begun in 1886) and involves the leaching of gold and silver
from alkaline pulps with dilute solutions of sodium or potassium
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cyanide, the filtering and clarification of the gold-silver-bearing solu
tion, and precipitation of metals from solution. Oxygen is essential
to the solution reaction, and in practice oxygenation is accomplished
by violent agitation of the pulp by the injection of compressed air.
Precipitation usually is by means of zinc shavings or zinc dust and is
improved if the solution be first de-aerated. Aluminum is used
instead of zinc under some unusual conditions.

Fine ore bin

r~

~ 7
: :
: :
; :
I I

Concentrate settling tank

FIGURE 147.-Flow sheet of small gold concentrator using straight flotation.

Nearly all gold ores are amenable to cyanidation, although, as
previously pointed out, certain constituents of some ores cause exces
sive consumption of cyanide and other reagents, or the fouling of
solutions, with resultant high costs. A few are so difficult to treat by
direct cyanidation that costly preliminary treatment must be em
ployed, when other methods might prove more economical. The prin
cipal cyanicides have been mentioned already. Carbonaceous matter,
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often contained in graphitic slates associated with gold ores, may
result in high tailing loss through its capacity to precipitate gold from
the solutions.

In general, cyanide treatment comprises four steps-preparation of
the ore (crushing, screening, grinding, and classification), leaching or
dissolving the gold, separation of the gold-bearing ("pregnant") solu
tion from the leached pulp (thickening, filtration, and clarification of
the solution), and precipitation.

Preparation of the ore as above defined is very important, and as
it is usually the most expensive part of the process (especially fine
grinding), it has been the object of much research and experimenta
tion. Gow, Guggenheim, and Coghill reviewed the subject of fine
grinding in ore concentrators in 1933.85

Data on equipment, filleness of grinding, costs, etc., at gold Inills
will be tabulated with other gold-milling data later.

Where an all-cyanide lnethod is employed, the grinding usually is
done in cyanide solution and no water is llsed in the mill except for
final washing of the filter cake. A good deal of the gold, sometimes
most of it, is then dissolved in the grinding section of the lnill and the
time of contact of solution with pulp in agitators and thickeners may
be reduced appreciably.

Leaching is accomplished in different ways, according to the charac
ter of the ore; the entire mill feed may be finely ground and treated
by the agitation or all-slime process, it may be separated by classifica
tion into sand and slime portions that are cyanided separately or con
centrate may be cyanided by one method and tailing by another.
There are two principal leaching methods-batch or "sand" leaching
and all-slime or agitation leaching.

Sand leaching is done in tanks fitted with fiber bottoms, into which
the sands are charged. Successive leachings with cyanide solution are
made, each usually being weaker than the preceding one. The solu
tions are either introduced at the top and percolate down through the
pulp, or enter at the bottom under a slight pressure and are decanted
after passing upward through the pulp. Draining and leaching in
stages usually gives better results than continuous passage of the
solution, since the charge is better aerated in this way. For success
fulleaching, the charge should be of classified material and free from
slimes that would clog the pulp column, preventing passage of the
solution in places and causing "channeling" in others. Thus, in large
plants where sand leaching is practiced, it is customary to treat only
the sands by this process, the slimes being treated by agitation and
countercurrent decantation or (and) filter washing. The sand charge
is given one or more final water washes and is discharged from the
tank.

All-slime or agitation leaching depends on constant movement of
the ore particles in well-aerated cyanide solution. Agitation and
solution usually begin in the grinding circuit, as previously stated.
After grinding and classification of the pulp to the desired degree of
fineness, it is usually first thickened and then fed to agitation tanks,
where it is brought to the required consistency and cyanide strength
by addition of stock cyanide solution. Agitation is accomplished by
mechanical means, by compressed air, or both. The time of agitation

811 Gow, Alexander M .• Guggenheim, Morris, and Coghill, Will H., Review of Fine Grinding in Ore
Ooncentrators: Bureau of Mines Inf. eire. 6757, 1934, 29 pp.
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required to obtain extraction of the gold varies and must be deter
mined in each instance by tests and experience. Agitation in batches,
while it can be controlled rather closely, is usually more costly than
the continuous process that is used almost universally in modern
plants.

In the agitation processes the pulp from the primary thickener goes
to agitation tanks, of which there are usually at least three in series.
After leaving the last agitator, the pulp may be thickened and washed
one or more times and finally filtered, or it may be subjected to con
tinuous countercurrent decantation. Most of the cyanide plants in
Ontario and Quebec employ filter washing rather than counter
current decantation. If grinding has been done in cyanide solution,
the overflow from the primary thickener preceding the agitators usu-

.g Bowl classifier sands

.~

Fi I ter cake repu Iper

Taj I jn9/ to waste

t
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+
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FIGURE 148.-Flow sheet of Coniaurum mill, Ontario.

ally constitutes the gold solution that goes to the clarification and
precipitation section of the mill.

In straight filtration-leaching, the process is briefly and essentially
as follows: The pulp from the agitators may be thickened first or
may be sent directly to the continuous filters. On the filters the cake
first receives one or more washes with barren cyanide solution and
then one or more of water, both filtrates being pumped back to the
mill-solution tank for use in the grinding and other sections of the
mill. Figure 148 is a flow sheet of the Coniaurum mill (1931) in
which filtering, repulping and agitation, and secoIldary filtering are
employed.

In countercurrent decantation the pulp from the agitators goes to
three or more thickeners arranged in series. These thickeners are
often of the classifier-thickener type. The leached pulp enters the
first thickener from the last agitator (if there is no primary thickener



404 METAL-MINING PRACTICE

p~eceding the agitators, this may be considered the primary thickener).
Most of the pregnant solution overflows this thickener and either
goes back to the grinding circuit or directly to clarification and pre
cipitation, while the thickened underflow is discharged to the second
thickener of the series. In this thickener the pulp is mixed with much
lower grade overflow from the third tank. After mixing in the
second tank, most of the dissolved gold that came in with the pulp is
dispersed throughout the solution, raising its value. The overflow
from the second tank goes, in turn, to the first tank, while the thick
ened pulp is discharged to the third tank of the series, carrying with
it some solution of lower grade than that which it brought with it
from the first thickener. The process is repeated in each tank, the
pulp becoming successively leaner as regards the value of the solu
tion carried along with it whereas the main body of solution is en
riched at each step. At the last tl.rickener in the series enough fresh
water or weak barren solution is added to offset the amount of liquid
leaving the circuit with the leached slime plus spillage, evaporation,
and other losses, and the slime goes to the tailing pond or to filtration
for further washing. Countercurrent decantation is illustrated by
the simple flow sheet of the Big Jim mill (fig. 149).

The subject of gold milling was discussed in a general way but in
somewhat more detail in an earlier bulletin.86 Progress reports cover
ing results of research on gold milliIlg are issued from time to time by
the Metallurgical Division of the Bureau of Mines.87

GOLD-MILLING DATA

The data in table 57 have been obtained from various sources as
noted. In view of the frequent ch.anges in practice that take place
in most mills due to changes in ore characteristics, in methods and
equipment brought about by research and improved machines, and
increases or decreases in capacity, these data should be understood
to apply specifically to the period covered and only generally to long
time operations. However, they represent broadly current practices
and results obtained in milling various types of gold ores.

86 Jackson, Charles F., and Knaebel, John B., Gold Mining and Milling in the United States and Canada,
Current Practices and Costs: Bureau of Mines Bull. 363, 1932, pt. 3, pp. 89-138.

87 Leaver, E. S., Woolf, J. A., and Head, R. E., Progress Report, Metallurgical Division. 2. Gold Re
covery Studies: Bureau of Mines Rept. of Investigations 3226, 1934, 31 pp.

Leaver, Edmund S., Boyer, M. B., Woolf, J. A., Head, R. E., Gandrud, B. W., Evans, R. E., and Thack
well, F. W., Progress Report, Metallurgical Division. 11. Studies on the Recovery of Gold and Silver:
Bureau of Mines Rept. of Investigations 3275, 1935,65 pp.

Staff of the Ore-Testing Section, Progress Reports, Metallurgical Division. 22. Ore-Testing Studies,
193~37: Bureau of Mines Rept. of Investigations 3370, 1938, 174 pp.
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TABLE 57.-Gold-milling data

1. GENERAL DATA
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Amalgamation (hydraulic traps, plates, amalga
mation pans).

Straight flotation concentration.

Stage grinding; flotation; classification.

Hand sorting to remove one-third, followed by
flotation.

Do.
Straight flotation; concentrates cleaned on shak-

ing tables.
Straight flotation.
Sorting followed by flotation.

Straight flotation.
Gravity concentration of sands and amalgama

tion. Flotation concentration of slimes and
amalgamation.

Cyanidation (grinding in solution, agitation and
countercurrent decantation).

Cyanidation (fine grinding in solution, agitation
and countercurrent decantation, and filtration).

Cyanidation (grinding in solution, agitation,
thickening, and filtration).

$6.07

$9.45

$7.00

$9.25 8 (gold only) I Flotation; amalgamation of flotation concentrate;
amalgamation tailing to smelter (later amalga
mation tailing was cyanided).

Gravity and flotation concentration.

$6.46

$6.30 2 (5.93 ounces ,
silver). I

$7.35 8 (gold only) _-,

~g:~~ '8 8 (go~d_only) _~ I

$4.86 8 ------------_!
$8.25 6 8 (gold and

silver)
$3.15 8 _ _ _

$24.88 8 gold; 2.58
ounces silver.

$11.38

$6.00

Mostly in sulfides

Mostly 1J.c;v 1

Free__ -------- I

81 percent U\.A:, 1

10-15 percent free; bal
ance in sulfides.

With sulfides _

Amalgarnation and gravity concentration. Gold
and amalgam caught in sumps, traps, and blan
kets. Shaking-table concentrates cyanided in
another plant.

Stamp milling, plate amalgamation, concentra-
tion. Tailing cyanided in separate plant.

}M t ly free I{$1.100 25------------I}Sortin_g t? remove about.50 percent, gravity con-
os ----------- $1.91926_____________ centratlOn, amalgamatIOn.

Free and in sulfides $16.34 8 Amalgamation followed by flotation.

Quartz, arsenopyrite, sphal
erite, galena, chalcopyrite,
pyrrhotite, tetrahedrite.

Quartz, some pyrite, pyrrho
tite, galena, sphalerite.

Quartz, pyrite, arsenopyrite,
silver.

Quartz, sericite, P y r i t e,
sphalerite, galena, tetra
hedrite, bismutite.

Quartz, galena, p y r i t e ,
sphalerite, chalcopyrite,
tetrahedriteo

Quartz, pyrrhotite, arseno
pyrite, pyrite, chalcopy
rite, sphalerite.

Pyrite, arsenopyrite, diorite
gangue.

Quartz, pyrite, sphalerite,
galena, copper sulfides.

Quartz, pyrite, galena_ -- _-- _-I-----uv----- 1

BasalticschisL -I Quartz, pyrite _

Nature of the ore treated Gold

Mine, reference, and year I General method of treatment

____________________ Country rock IAssociated minerals and rocks Occur, Heads, assay value _

75 percent free; bal- I $11.00
ance in sulfides.

Porcupine-United, Ontario,
1930-31.1

Argonaut, Calif., 1929 3 1 Slate and greenstone_

Cardinal, Calif., 1937 11 -- __ 1 Quartzite _

Pilgrim, Ariz., 1936 1° -1 Rhyolite and tuffs,
breccia.

Premier, British Columbia,
1931,13

Golden Belt, Ariz., January I SchisL _

G~rJ~~4rr'Urkey, Ariz., 1935 14 do 1 __ -- _do -- -- -- _- - -- - - - __ 1 do -- - ----- ----
Mammoth, Mont., 1935 15 Gneiss Quartz, pyrite, chalcopyrite, do _

galena, sphalerite.
Quartz and pyrite _ ___ ____ Free and with pyrites_
Quartz, calcite, pyrite, ar- 1

gentite, sphalerite, galena.
Old stamp-mill tailings , _
Quartz, oxidized minerals, Mostly free _

pyritc, tetrahedrite, galena,
sphalerite, molybdenite.

Quartz and calcite; no sul- I Very uuc; I 1

fides.
Silicified country rock; some / dO 1-

tellurides and pyrite.
Quar~z, mineralized schist, j Free and in pyrite j

PYrIte.

Alaska-Juneau c\laska 1929 41{Slate and metagab-
,~ , - bro.

Atlanta, Idaho, April 1934 7__ Granite _

Talache, Idaho, 1936 11 Rhyolite porphyry__

SpringHill, Mont., 1929-30 12 -' Diorite _

Boss-Tweed, Mont., 1935 15 do _
Mogollon Consolidated, N. Andesite breccia _

Mex., 1936.16 I

~~i~~h~~r~~·h;~3fd~hO,-1937 Ii -Schist;gnelss,-qu-artz~1
ite. I

Big Jim, Ariz., 1934 111 1 Andesite__ -I

Kirkland Lake Gold, On- Seyenite, porphyry, i

tario, 1930.2° I lamprophyre. i
Coniaurum, Ontario, 1930 21 __ Schist ------ I
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Crushing and screening: +1H-inch to waste, -1H
inch stamped and amalgamated.

Cyanidation (classifying, batch-leaching of sands;
thickening, agitation, and filtering of slimes).

} !{
$12.19 8 gOld 1{2-stag~ gr~nding ~nd .classification in solution.

Very fine $052 silver CyanIda:tIOn (agItatIOn and countercurrent de-
. - - -- - - ---- cantatlOn).

-do $19.87 2______________ Do.

Yellow Aster Mine, Calif., 1 GraniteandschisL __ Oxidized ores; little pyrite, I Free-------------------

I

----------------------

1
Y~~1~2Aster tailingS I T:fI1~~~~~~t~~~~~~C~:~I~\~ _

I stamp mill.
~ • 23 I. {Quartz, calcite, silicified ~n-
~ Tom Reed, ArIz., 1934-36 I AndesIte____________ desIte, fluorspar, adularIa,
8 iron oxides.
co United Eastern, Ariz., 1917- do do _

o 25.24
I Black Hawk, N. Mex., 1936 16 _1_ ---- - ----------- - -- __ - $9.00 to $12.00 211 _ __ 2-stage grinding and classification in solution,
~ cyanidation (agitation, countercurrent decanta-

I
I

tion, filtering).
Siscoe, Quebec, December Granodiorite, schist- Quartz, pyrite, pyrrhotite, Mostly free $17.52 Sorting (10 percent removed), grinding in solu-

1936 to February 1937. 26 chalcopyrite, and schist. tion, gravity concentration, amalgamation, and
~ cyanidation of tailings.
-l Hollinger, Ontario, 1934 27

1

Schistandporphyry Quartz, pyrite, mineralized Free and in pyrite $7.68 28 Grinding in solution; table concentration; con-
schist. centrates reground and cyanided; tails cyanided

by countercurrent decantation and filtering in
parallel.

Golden Cycle, Colo., 1929 2g 1 (SOL_ __ ____ (SOL___ __ (30L___________ __ $10.38 2 .____ __ (30).

1 Vary, R. A., Amalgamation Practice at the Porcupine United Gold Mines (Ltd.), 17 Metzger, O. H., Gold Mining and Milling in the Wickenburg Area, Maricopa and
Timmins, Ontario: Bureau of Mines Inf. Circ. 6433, 1931, 5 pp. Yavapai Counties, Ariz.: Bureau of Mines Inf. Circ. 6991, 1938, 78 pp.

2 Gold $20.67 per ounce. 18 Lorain, S. H., and Buford, W., Mining and Milling Methods and Costs of the Golden
3 Woodworth, S. E., Milling Methods and Costs at the Argonaut Mill, Jackson, Calif.: Anchor Mining Co., Burgdorf, Idaho: Bureau of Mines Inf. Circ. 7024,1938,15 pp.

Bureau of Mines lni. Circ. 6476,1931,12 pp. 19 Johnson, C. H., Mining and Milling Methods at the Big Jim Mine, Oatman, Ariz.:
4 Bradley, P. R., Milling Practice at the Alaska-Juneau Concentrator: Bureau of Bureau of Mines Ini. Circ. 6824, 1935, 12 pp.

Mines Inf. Circ. 6236,1930,16 pp. 20 Dixon, John, Milling Practice of the Kirkland Lake Gold Mines (Ltd.), Kirkland
II Crude ore. Lake, Ontario: Bureau of Mines Ini. Circ. 6508, 1931, 13 pp.
6 Sorted ore. 21 Redington, John, Milling Methods and Costs of the Coniaurum Mines (Ltd.),
7 Gardner, E. D., Milling Methods and Costs at the Concentrator of the St. Joseph Schumacher, Ontario: Bureau of Mines Inf. Circ. 6541, 1931, 5 pp.

Lead Co., Atlanta, Idaho: Bureau of Mines Inf. Circ. 6836, 1935, 10 pp. 22 Cooper, Corwin L., Mining and Milling Methods and Costs at the Yellow Aster
8 Gold $35.00 per ounce. Mine, Randsburg, Calif.: Bureau of Mines lnf. Circ. 6900,1936,21 pp.
oSkidmore, Joe H., Gold Mining and Milling Methods and Costs at the Gold Hill 23 Brough, Paris V., Milling Methods and Costs at the Mill of the Tom Reed Gold

Mine of Talache Mines, Inc., Quartzburg, Idaho: Bureau of Mines Inf. Circ. 6985,1938, Mines Co., Oatman, Ariz.: Bureau of Mines Inf. Cire. 6975, 1937,25 pp.
15 pp. 24 North, W.O., Mill Operations at United Eastern During 1917 and 1918: Trans. Am.

10 Hastings, Earle F., Mining and Milling Methods at the Pilgrim Mine, Chloride, Inst. Min. and Met. Eng., vol. 63, 1920, p. 548. Bagley, E. M., Operations at United
Ariz.: Bureau of Mines Inf. Circ. 6945,1937,18 pp. Eastern Mill: Eng. and Min. Jour., vol. 119, 1925, p. 436.

11 Lenhart, Walter B., Milling Methods and Costs of the Cardinal Gold Mining Co., 25 Gold 40 percent, silver 60 percent of total value.
Bishop Creek, Calif. 26 Djingheuzian, L. E., A Review of Siscoe Milling Practice: Trans. Canadian Inst.

12 Grant, L. A., Milling Methods and Costs at the Spring Hill Concentrator of the Min. and Met., vol. 40, pp. 602-613.
Montana Mines Corporation, Spring Hill, Mont.: Bureau of Mines Ini. Circ. 6411, 1931, 27 Longmore, E. Lynden, and Williams, Maurice E., Milling (at Hollinger): Canadia'Il
8 pp. Min. Jour., September 1935, pp. 405-414.

13 Pitt, D. L., Asselstine, W. J., and Coulter, D. L., Milling Methods and Costs at the 28 Gold at $32.16 per ounce.
Concentrator of the Premier Gold Mining Co., Ltd., Premier, British Colunlbia: Bureau 29 Harner, L. S., Milling Methods and Costs at the Golden Cycle Mill, Colorado
of Mines Inf. eire. 6742, 1933, 18 pp. Springs, Colo.: Bureau of Mines Inf. Circ. 6739, 1934, 18 pp.

14 Guiteras, Jos. R., Gold Mining and Milling in the Black Canyon Area, Yavapai 30 Sulfotelluride ores from Cripple Creek occurring in breccia and granite treated by
County, Ariz.: Bureau of Mines Inf. Cire. 6905, 1936,51 pp. roasting and cyanidation; many small lots from various districts treated by direct cyani-

16 Lorain, S. H., Gold Lode Mining in the Tobacco Root Mountains, Madison County, dation; complex sulfide custom Ores treated by selective flotation.
Mont.: Bureau of Mines lni. Circ. 6972,1937,74 pp.

Ie Metzger, O. H., Gold Mining in New Mexico: Bureau of Mines Inf. Circ. 6987, 1938,
71 pp.



TABLE 57.-Gold-milling data-Continued

1. GENERAL DATA-continued

~o
00

,

Nature of the ore treated Gold
Mine, reference, and year General method of treatment

Country rock Associated minerals and rocks Occurs Heads, assay value

Lone Pine, Idaho, 1937 31 ______ Quartzite ___________ Quartz, galena, pyri te, Free and with sulfides_ (?)---- -------------- Amalgamation.
sphalerite.

Cyanidation; sands leached, slime agitated andOrogrande-Frisco, Idaho, Silicified schist and Oxidized minerals, quartz, _____ do_________________ About $1.50_________
1937.31 pegmatite. pyrite. washed by countercurrent decantation. A jig

concentrate is taken from minus H6-inch screen
product from fine ore bin, is cleaned on Wilfley
tables, and shipped to smelter. ~

l;j
H

~
~
H

~
H

~
~

""d

~a
H
H
a
l;j

3
30+

600+
20
15
15

Capacity
of crush
ingplant,
tons per

hourSize of product, inch or meshSize

Secondary crushers

Type

Stamps 1900 lb 124 mesh --- ---- ---- 1 12
Gyratory________ 20 in_ ___ H-% i~ _
Cone 3 fL -0.53 lll ---___________ 20

Gyratory No.6 McCully 18.2 percent + 1.0 in.; 31.1 42
percent -0.25 in.

10
1

1

1

2. CRUSHING PLANT

Size, inchesISize?fproduct, INum-
Inches ber

Primary crushers

Type

Jaw 7x 10 -Ix 1~------- 1 Rolls lOx 18in 75 percent -~ in 1

____ do 16x 18 -2~2---------- 60 Stamps 1,285lb -0.0277 _
____ do_____ 36 x 48_____ -8__ __ 1 Gyratory______ __ 21 x 76 in____ -2 in _
____ do 14 x 24 -IH__________ 1 Rolls 14 x 36 in -4 mesh _
____ do_____ 10 x 20_____ -1~---- _
____ do 8x 15 -1~---------- 1 Gyratory No.14~--------------------- 30 percent+4 mesh; 4 per-

cent -200 mesh.

+J[-=: ig~~;IH~: ~tJ~~f~;;~: :~:~~~ ~~L~~:~~:~:i:ii ti~~;n~;;:;;i:;~~;;:;:-;:: :j~~2~:H~:;;:;i;::::~J~~~~~~~L
_ do 8 x 24 -~----------- _

_ do_____ 8 x 15 , , , , , . _

ii~:l~~> fH~~~~_Jti~~~i~~~~)}

Num
ber

Mine

Porcupine-United,Ontario________ 1
Argonaut, CaliL 1
Alaska-Juneau, Alaska____________ 32 3
Atlanta, Idaho____________________ 1
Talache, Idaho__ ____ __ ___ _ 1
Pilgrim, Ariz -_________________ 1

Mossback, Ariz ._. _
Strawberry, Mont . _. _
Oardinal, CaliL _

Spring Hill, Mont. I{
Premier, British Columbia. _

Golden Belt, Ariz _
Golden Turkey, Ariz - _
Mammoth, MonL _
Boss-Tweed, MonL .:.
Mogollon Consolidated, N. Mex _
Golden Anchor, Idaho _



45

11-12
20

Jaw _
Gyratory__ 12 _
Jaw 12 x 24 _
_ do 12 x 24 _
____ do 15 x 20 _
____ do 48 x 60 _
Gyratory__ No.7Y2 _
____ do No.5 _

====~~~-:~= I i2
x

x

1
i>=====I =k:~:::::: :::: -- --~- -::~:;;~il:~~:: :~;:~:;;~:::::::::::::::::::: {-=~::::::::::::::::::;:::::

Gyratory__ 10 -17~ { 1 Secondary roll do 11.1 percent + 4 mesh, 11.6 }
- - ----- ----------------------- percent -200 mesh.

-274- _ 50 Stamps_ __ __ __ __ 1,080 lb______________________ -30 mesh_ 7.9

=t:::::::::: }---~--C~~~~~~~~~~~~~ ~~ -~-a~~~~~~~~~~~~~~~~~~~~~~~~~~ -=%~-i~~~~~~~~~~~~~~~~~~~~~ ~~__
-4Y2----______ 1 do do -% in______________________ 50

~J~~~~i i i~: --:~~--;~~:~:::::::::::: -:~-~ ~~-~~:::::::::::::::::::: :~~~~~~::::::::::::::::::::} 500

{

2 do 40 x 14 in 7.7 percent + 2 in.; 0.1 per- }
2 I Jaw 113 x 24-----1-3Y2 to -4____ cent -200 mesh. 100

~ ~ ~ ~ ::~~~~ ~ ~4Xxl~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ { 1 ~~;~~~~~~~~~~ ~~ ~}t~i~~~~~~~ ~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -~ti;~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ::::::::::

Big lim, Ariz _
Kirkland Lake Gold, Ontario _

Ooniaurum, Ontario _

Golden Oycle, Colo _

Lone Pine, Idaho _
Orogrande-Frisco, Idaho _

Yellow Aster, CaliL _
Tom Reed, Ariz {
Black Hawk, N. Mex _
Siscoe, Quebec_ _ 1

{

331

Hollinger, Ontario, 1934___________ ~

at Lorain, S. H., Gold Mining and Milling in Idaho County, Idaho: Bureau of Mines
Inf. Circ. 7039, 1938, 90 pp.

a. Only 2 in use at one time.

33 Located underground.
34 Primary.
35 Secondary.

o
~
tj

~
U1
U1
~

~
o

~o
~



TABLE 57.--Gold-rnilling data--Continued

3. FINE-GRINDING PLANT

~
~

o

Grinding and classification Skeleton-size analysis of-

Mine

NUIIl
ber

Mills I Grinding media Circu- fe~e;~r Feed Product
------------ lating hour,

Oircuit Size of load, tons Mesh
Kind Size Kind of balls I balls, per- Per- Inch or Per- classifier

inches cent cent mesh cent overflow

5.5 -172 in ___

1. 2,1'>

{ 3~
+4 mesh ____

{ 3~ +4 }
3.6 -200 sands

-200 mesh 53 -200 slime
.8 ?--- ?--- ---- --- 95 -200

6.6 { 4.9 +28
- - -- -- --- - - - -- 29.0 -200

----- ---_._- -------_._----- -

6.6
11.7 ~~Xl- in - 3. 85 I8.4 { +80

(2 mills)
5. 6 {+~~-~ ____}59. 37 -200

~
trJ
1-3

~
~
~
~
C1

I-ij

~o
1-3
~

o
tzj

-200

65 -200

13.8 +2 in.
12.1 -H in.

1. 7 +10
28.9 -150
4.3 +10

27.5 -200

80

H-in _

+5 _
+1.5 in _
+72 in _
-7 mesh __
+2.5 in _
-7 mesh _
-72 in_

751. 04Porcupine-United, I L Ball mill 472 ft. x 16 Closed with plates, blan- Forged steel I 4 -' 125
Ontario. in. kets, and classifier.

Alaska-Juneau AlaS-lli~~~~~~ {~~~~~orY:~:: nf-~~~:_-: :~i,;i;~~;i~:s~re~~S~~d }USedasstand-bY -------::: :::::::: :~ { 9~' ~
, ' coarse rolls. .

ka. 4- - - - - - Coarse rolls _ 24 x 60 in }parallel, closed with {_ - _ 100 90 20
Fine rolls do______ screens.--- -------- - 200 40 13

lL ____ Ball mills_ __ 8 x 6 ft- - Closed with screen and Forged chrome }6 135-150 165 {1. 8
belt drags. steel. - - - - - -- - 5.0

Atlanta Idaho I{L---- Ballmill 4x12fL Open . ~---- Forged steel_ 4and3__ -------- 8 100
, -------- L do____ 6x6fL__ Closed wIth claSSIfier do 272------ 250

and secondary amal-
gam plates.. I{L----- --- __ do_ -- 8 ft. x 22 in __ Closed with trap and do - 5 . _

Talache, Idaho________ screen.
L do 4 x 3 fL Regrind milL do 2 . _

Pilgrim, Ariz --- __ I L_ - - ---- _do_ - - - - - 6 ft. x 36 in__ Closed with screen, unit ?-- ------------- ?--------1---- --
- cell, and classifier.

Mossback, Ariz_ _ L do_ _____ 472 ft. x 16 in_ Closed with classifier__ -- ?--------------- ?-------- ?--

1
1 - Rod nIilL 4x 1OfL__ Open__________________ Steelrods 4 in. }

diam. ---
Cardinal, CaliL 1 L Ball Inill 5 x 6 fL Closed with clas'Sifier Pressed-steel 4 _

and tables. balls.

Bpring Hill, MonL 1t~~~_~ -Baild~iiis~~~ ~ ~~~t36in~~ -~~{iiI~o-parallef--ciosed- -w-h~~cast-iron- t~~~~~~~I----500-
with classifiers. balls.



o
~
t::j

u
~
t::j
w
r.n

Z
C1

~......
~

+20
-200
+50

-200
+20

-200
+50

-200
+50

-200
-48
-40

-15060-75-%---------100

{
18.2
31. 1

+1 in _______ 1. 3
- H in ______ 39. 4

{
27.4

----1------------------1 25.9

{
18. 2 +1 in__ 2. 5
31.1 -H in_ 36.4

{
7.8

1-------------------1 36.6

{
6.0

48.9
-1 to-H2 in [100
-~~ in 100

3.3
6.5

12.2

5.0

7.3

4.0

3.8

2.0
3.1
2.0±1-------1--------------1

34 Primary.
35 Secondary.
all Regrind mills.
a'1 Sands to agitators.

L _____ _____ do.34 _____ 8 ft. x 36 in __ Closed with classifier___ Forged steeL ___ 5________ 75

L _____ Tube 311 ______ 5 x 8 ft- _____ Closed with cones _______ east iron_______ 2~------ 225
Premier, British Co- IJ

lumbia. L _____ Ball mill u __ 6 x 4~ fL ___ Closed with classifier____ Forged steeL ___ 5________ 100

L _____ ______ dO.36_____ 4 x 8 ft ______ Closed with cones _______ Cast iron_______ 2~------ 140

L dO. 311 6ft. x 16 in __ Closed with claSsifier 1 Forged steeL 11% 1 133
GOlde.n Belt, Ariz L do . 4 x 5ft do Cast iron 4 --------
Golden Turkey, Ariz_ _ L do 4 x 6 fL do___________________ Forged steeL 3 --------
Mammoth, MonL L do 6 x 4H ft Closed with classifier and ----------------- ---------- --------

unit cell.

~og:~~::eS~~gIiJat~- L===== ===~~====~==== ~ ~ ~}t ===== _~I~sJ~_~~~~_~I~~~~~~~~~== I-Casiiron-_==~~== '-3========[=======
ed, N. Mex.

Peach, Ariz _
Golden Anchor, Idaho_

1_ _____ Rod mill_ ___ _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - -
L -, Ball mill 4~x6ft----- Closed with jig and Forged steeL 3________ 3.1 -~--------- -------- -30

classifier.
Big Jim, Ariz 1 L do 6 x 4~2 fL - -- do Chrome steeL __ ---------- ~------- 2.5 100 -L ;-____ 80-82 -200

{1
d 8 ft 30 ' 0 For d steel 5 6 73 {31. 6 +1, -2In___ 2.0 -3, +10Kirkland Lake Gold, ------ --- 0_________ • x In__ pen____________________ ge ---- -------- -------- . 1. 6 -150 mesh__ 28.3 -200, +300

Ontario. { 2.0 -3, +10 O. 5 -20, +40
L Tubemill 5Hft.diam_ Closed with classifier do 1~------ 115 6.06 mesh.

and bowl. 28.3 -200, +300-_ 62. 1 -200, +300
Coniaurum, Ontario __ 1 2 Tube ill_ills 5x16ft Closed with agitatorS} do 2 140 {ll.1 +4mesh 37 10.0 37 -65

in parallel. and bowl classifier. ----- --------- -------- -------- • 11. 6 -200 mesh __ 38 60.0 38 -200. {L Ball milL 6 x 6 1Closed. with primary } ~______ 5________ 12 { 2.5 -3, +2 in_ -- 0.84 +14
Tom Reed, ArIZ- 1 L do 6 x 5 ( classIfiers. -------- 2.2 -200 mesh__ 3.99 -200

2 do - do Closed. w.ith seCOndary} 21 .t.. 12 {0.84 +14__________ 5.67 +65
claSSIfiers. -------------- - - 7~- --- -- ------ -- 3.99 -200_ ____ ____ 67. 26 -200

Black Hawk, N. Mex-I{i~~==== ====~~~======= ~ ~6cf~~~c_a_I~~ _~I~_sJ~_~~~~~~~~~~~~~~-_~~ ================= t======= ==== ==== :: ~~ ======= == == ==== =====~ --50- -- - ---- ---=-=200
2 do 6x4H- do ChromesteeL __ 5________ 322 16.2 1.8 -lin.+%in_ 12.2 +65

Siscoe, Quebec {L do 5x5 do SpecialmetaL __ 4________ 355 5.2 5.2 -32. 5 mesh_ 48.9 -325
L do.30 4 x 4 do___________________ Chrome steeL __ 4 --- , - _---- ----- __ ---------.------ -------- ------------

1

7 34 Rodmills 7x15ft Open CarbonsteeL __ 3diam.x 1 220 {10
5
014 =·4525Inh---- 3~'22 -6~2+080

• . 35. •• 14ft long , . mes - --- I.

Hilh~ger, OntarIo, 11~5--- TubemIlls 6x16fL Closedwlthclasslfier-----}Flintpebbles 3-4~5 ~ 100 80 {1.2 -6,+8 0.8 +35
93 . 2 do 5 x 20fL do___________________ 37.2 -200________ 64.9 -200

.97 +150
3 40 do do_______ Closed with classifier Forged steeL H~------I--------I-- - -, 1 { 7.48 +200

thickeners. I I 91. 38 -200

3S Slimes to filtration.
30 Regrind amalgamation tailing.
40 Concentrate regrinding.



TABLE 57.-Gold-milling data-Continued

3. FINE-GRINDING PLANT--Continued

~
~

~

Grinding and classification Skeleton-size analysis of-

Mills
I

Grinding media New Feed Product
Mine Circu- feed per

I

lating hour,
Circuit Size of load, tons

I
MeshNum- Kind Size I Kind of balls balls, per- Per- Inch or Per- classifierber inches cent cent mesh cent overflow

~
t;j
t-3

~
~
~
I--l

~
C'2

1-0'

~
o
t-3
I--l
o
l;j

+8
-200

+8
-200

+80
-200

-40

+8
-8, +40

-200

+% in } 14. 7
+8 mesh_ 10.4
-200 mesh __

+8 mesh_ 4.0
-200________ 11.8

+20 mesh___ 0.1
-200 mesh__ 84.0

_______ 1 1 1001.8Cast iron .. . _

1-- ----- ----------1----------1--------1-------- ----1- ------1---------- -- --I{ :: ~
7.8

Screens and rake class
ifiers separate sand
and slime.

{
6.2

6x 6ft .1 Closed with 472-mesh 1 1- 72 1 1 1 76. 1
screens. 0.5

Schmidt
comminu
tors.

Chilean
mills. 42

1 1 do 1 4~~-ft.x32in_l Closed with screen and
classifier.

- - - - - - - -1- - - - -- -- - - - - - -1- - - - --- - -- ----I

1
3------

5. _

Golden Cycle, Colo.,
(1) average Cripple
Creek ore. 41

6 fL -I Closed with blankets, \- - - -- ----------- -1----------1-- -- -- --1-------- -- --1{~6' ~bowl, tray, and agita- .

GO(2Id)len Cycle'CC.oIO., !2inpar-1 Ball milL I 6 x 6 ft. I Clg::d with classifier ----------------- ----- {2162. 66
ow-grade rIpple allel.36 •

Creek ores and com-
plex sulfide custom
ores.

Lone Pine, ldaho _

Oro gran d e-F r is co,
Idaho.



4. AMALGAMATION AND CONCENTRATION

Amalgamation Concentration

Feed Feed

Skeleton-size
analysis Recovery, per

cent
Ratio of
concen
tration

Mesh

Skeleton-size
analysis

Percent

Solids,
---------1 per-

cent
Source

Method

MeshPer
cent

-------1 Recov
ery by
amal
gama
tion,
per
cent

Source

Method of
recovery

Mine

o
~
t;

~
U2
U2
1-1

~
~

24.14.

7.7.

41-1

55-1 1{29.~7 gold, 28.77
SlIver.

U On oxidized ore.

426-145

27

53 -' -200 _

43 Percent of total gold in mill heads.U For grinding roasted ore.

{
SPitzlutte van- Plates, Spitzlutte_ {2.3 +35 }

ners. 4.22 +65 _
Callow cone do_ .. 6.06 +200 _

Hand-s.orting, {CrUShing 100 +4 in _
classIfiers, v Rolls and ball 100 -7 mesh -' 17.69.
tanks, shaking mills.
tables.

}Flotation I Classifier overflow_I 80_ --------1 -200 _

Shaking tables_ __ Traps and plates __ 1 1 I , ----------

41 Ore roasted before cyanidation and amalgamtion.

p ~:it~~ POi~:= I{~f:f:s~==========I~:ff~iii= ~== ==1 ========1==========1---::-33-I}:~::::;s~~~i~~~ ~~I ~~::~~~-~~~;fi~~ ~I-~~~~~~~~~~j -~;~~~~~I--~~~~~-l ~~~~~~~~~~I 43 15.6.rIO. BarreL__________ Traps, blan- 35
ket concen-

{

Plates___________ St~~~s_ - -----1 100 1-0.027711
. (inch) 4Argonaut, CalIL - { 9 97 +35 6. 89

Traps___________ Plates_________ 15: 60 -200
AlaSka-Juneau,1 BarreL__________ Re-concentrat- 60.82

Alaska. ing tables.

{

59.68
Atlanta, Idaho 1 Plate and traps__ 1 Ball ~ill and {3: +~g gold,

classIfier. 100 -10 s1~~;;

'Talache, IdahO 1 Traps, plates, Traps, table 90
pans. concentrate.

Pilgrim, Ariz_____ Barrels__________ Flotation con- 84 gold Flotation_________ Ball mill and clas-
centrate. sifier overflow.

Mossback, Ariz __ Launders, pan {ClaSSifier -------- ----------} 60 do Launder
amalgamator. FIg:~i~~re~~n- - - -- ---- --------- - - -- - - ------------ - - -- -- - - - -1- -----------1-- --------1--------1---- ------

S t raw b err y, I Plates and Den- Stamps_ 24 4440 do Plate tailing_______ 100________ -24 -1 4441.
Mont.

36 Regrind mills.

~
~
~.



TABLE 57.-Gold-milling data-Continued

4. AMALGAMATION AND CONCENTRATION-continued

~
~

~

Amalgamation Concentration

~
t:rj
H

~

*~
~
Q

hj

f;
o
H
H
o
t;j

1O-L 192.
24-L 85.

1- - - - - - - - - - -------- --1- --- -- - - -- - -1-------- --, ---- -- --Flotation shak
ing tables.

Flotation --- -- _ 1_ - -- - - - - - - - - - - ---- - -1- ---- - -- -- - -1-- --------, ---- ----

Mesh

Skeleton-size
analysis

Per
cent

Feed

Source

Food I______-,-- / Recov- 1 ,-_

ery by I
amal- Skeleton-size Ratio of I
gama- Method analysis. ! concen- Recovery, per-
t· SolIds, Itt· cent
~~~~ Source ------\----- ~e~t I' ra IOn
cent Percent Mesh

---I -----------1--------1------- 1---- --

-7€I in_ - 18-20 I} {40.
+ 100 } 32-] _
- 20(L ___ 40-45 50.

~~80~~~~ } 19 12-L 80-87.

+20 }
-20o 8.44-L __ 93.35gold,86.29
+50_ ____ silver.
-200 _
-48 14.4-L_J 96 gold, 80 sil-

I
ver.

-40 15.5-L __ 90 gold.

~Iethod of
recovery

Mine

{

Shaking tables_ _ Ball-mill screen 100 _
Cardinal, CaliL Flotation {Table middling {4.5 _

via thickener. 60.7 _
S ~~~t~ Hill, } ~ do____ Classifier overflow- {~O~6~ ~ ~ ~~~~

{OVerflOW from {1.3-2.5 _

~~~~:~~~~:~ }~ ~ -:: ~ -~: ::: ::~ ~ ~ ~~ ~ ~ ~ ~~~~~-_~~-- ~_ ~J~~- ~ ~_-: ~J ~_--~~ ~-~: ~ :~::~~~~~: ~: ~~J~I~~~~~_~V:~~O~_ d:~~~~i:: I

Ariz.

1vI am mot h, 1 ----------------1--------'----------'--------Mont.
B U~n-t~ weed, ------------------ ---------------- --------1---------- -------- I

Mogol!on Con- -- _-__ - -- -- 1 do. ---- - - --- __ Classifier overflow I 60-75 __ - - - - -150 --_-- I 82.5-1. -_181 gold, 84 sil-

p~:~!~:zt_:_~:_1_ - -- - -- - - - - - - - -- - - - --- - -----------1---------- -- --------------I-.iig:do_::::::::::: -B"allmlli::::::::: :::::::::::: :::::::::: :::::::: 136-1. __ --I 44~:.r.
Golden Anchor, : BarreL__________ Gravity con- -------- ---------- 75.64 I ~~:~f::rt-~bje~ ~ ~ ~ ~~~ -co~centr~te~~ ~~ ~~~=~ ~ == -~ -=========~= ==~~~~ ~ ~ 272-1 I 17 39 gold

Idaho. 1 centrates. gold Mat table______ FlotatIOn tall -- - ------------ ---------- -------- ----. .

y :;i~~~C~if~ e r I Plates___ _ Stamps ._ _ -30 1_~I~_t~_t~~~_-_~~_~~_: i~~a_~!~~~_~~~~~~~~ ~ ~: ~:: ~~ ~ ~:: :: ~:::: ::: :~ ~~: ~:: ----------



Yellow Aster I}tailing. - - - - -- - - - -- - - - - - - 1- - - - - - - - - - - - - - - - I - - - - - - - - , - - - - - - - - - - , - - - - - - - -

I{Cones - -- -- - -,--------/----------Siscoe, Que .1 BarreL Blankets _ 63.43
10.06

Ii
sands: I

32.0 _
. Stamp mill and .4.4_. _

Rake claSSilJerL_I{ old tailing. ISlllft _
63.7 _

{
HYdraUlicCOneS-j}Ball mill __ ---- ----112.2- _
Corduroy blan- Classifier overflow_ 48.9 _

kets.

+48 _
-200 _

+65 _
-200 _

~~g5= =~ =1== ======1== ~ =======

o
~
t)

~
U1
Ul
H

~
Q

- y(6 in__ I -- _1_ - -- - - - - --

0.8 +35 }
64.9 -200____ 43.5 \6-L _

I

fi?s======= ~gOO= === ======== I==========

~ Secondary or regrind.34Primary.

Hollinger, OnL J Shaking tables {gl:~s:~f~~--{rom-
grinding section.

Golden Cycle, } {Blanket con- } {Blanket tables {Chilean mill _
(1) 0010. Amalgam pans__ ~~~~~:~eor~: ------- ---------- 25.33 and flotation. Classifier overflow_

Lone Pine, Idaho_ Traps and bar- Sec 0 n dar y Hydraulic classi- Ball-mill screen 1------------1---------- , , _

rels; mercury crusher. fier shaking trap overflow.
fed to b a II tables.
mill.

Oro g ran de -I} {JigS 1 Screen undersize--/}100
Frisco, Idaho. ----------------- ---------------- -------- ---------- -------- Tables Jig concentrates___ --------

~
~

Cl



TABLE 57.-Gold-milling data-Continued

5. CYANIDATION

Skeleton-size Solutions
analysis

Solids
Recover~

Mine per- Enters- Pulp circuit 4&
by cya-

cent
Strength, Circuits 411 nidation,

Percent Mesh pounds Clarification Precipitation percent
NaCn per

ton Barren Pregnant

---- ----

Big Jim, Ariz_______ 80-82 -200 15 No.1 or pri- Classifier overflow; No.1 2.2 Tank classifier No.1 thickeners Leaf filter ___ Vacuum to 97-98
marythick- thickener; 3 agitators overflow C. overflow clar- precipita-
ener. in series; No.2 thick- D. ifier, precipi- tion press.

ener of C. D. tation.
Kirkland Lake { 32.0 -150 } 25

_____ do______ Classifier overflow; No.1 Grinding Tank; No.5 - ____ do __________ _____ do ______ _____ do ________ 89.27
Gold, Ontario. 59.8 -300 thickener; No. 1 agita- 0.9; other thickener of

tor bowl; bowl over- 0.7. C.D.
flow; No. 2 agitator;
No. 3 agitator; No. 2
thickener of C. D.

Co~:liaurum, Onta- { 11. 1 +4 }----- Rake classi- Classifier overflow; 2 agi- 1. 25 Filters mill so- Tray thickener Sand filter ___ _____ do ________ 96.3E
rIO. 11. 6 -200 fier. tators in series with lution tank. overflow clar-

bowl classifier; tray ifier precipita-
thickener; filters. tion.

randS:32.0 +48 } Eight 650- Vats; discharged to dam .032
YellowAster, Calif.; 4.4 -200 ton vats. after leaching. }Add to top of Filtrate to pre- Leaf filter ___ _____ do ________

tailings. Slimes: vats. cipitation.
2.5 +65 } 3 thickeners_ Thickener; 3 agitators, 3 .024

63.7 -200 filters.

Tom Reed, Ariz_____ { 5.67 { -65
}63-72

No.1 or pri- Classifier overflow; No.1 2.20 Add to No.5 No.1 thickener _____ do ______ Precipitation 94.5

67.26 +100 mary thick- thickener; 4 agitators; thickener overflow; clar- press. (gold)
-200 ener. C.D. and to ball ifier; precipi- 63.8

mill classi- tation.

I
(silver)

fier.
Black Hawk, N. 50.0 -200 _____ do _____ .. Classifier overflow; No.1 Add to ball No.1 thickener _____ do ______ Zinc boxes ____ 88-93

Mex.
------

thickener; Pachucas;
------------

mill and Pa- overflow; clar-
C. D.; filter. chuca tanks. i fi er; zinc

boxes.
jBlanket tail; No.1 thick- _.___ ._. ____ Add to ball No. 1 thickener _____ do_______ Vacuum pre- 24.m

Biscoe, Quebec______ { 15.0 +65 }-----
ener; 3 agitators in ser- mills, filters overflow; vac- cipitation

Agitator_____ ies; filter; concentrates and repulper, uum precipita- press.
54.5 -200 reground and returned etc. tion.

to ball-mill circuit.

~
~

~

~
tr.j
H
>
t"'l

~
~
Z
C:J

~

~
C
H
H
o
~



8

Hollinger, Ontario, ---------- ---------- ------ No.1 or pri- Tables; 12 primary tray 0.75 Tank to rod No.1 thickener Clar,ifying _____ do_________ 95.
table tailing. mary thick- thickeners - agitators 47; mills, tube overflow; clari- presses.

ener. part of underflow to O. mills, tables, fier; precipita-
D.; part to primary fil- thickener; tion.

Hollinger, Ontario,
ters-secondary filters. agitator O. D.

91.38 48-200 ------ Special agi- Bpecial agitators; then 1.4 Primary filter _____do___________ _____ do_______ _____ do_________ 95.
table concentrate. tator. joins tail underflow from to mill tank. 49

primary thickener.
jBOWI slimes to thickener 2. (H). 7 First tray Vats and secon- Sand filter___ _____ do_________ 71. 4

Golden Oycle, 0010., { 4.0-5.0 +100 } 7.0
to agitator to thickener thickener, dary thickener

(1). 84.0 -200 (60) to agitator to leaf filters. ohilean mills. to vacuum to
Bowl sands to leaching precipitation.
vats. 5O

lOlaSSiller sands to strong Strong so- Screen to leach Leach vats to _____ do_______ _____do_________ ---------
Orogrande - Frisco, { Sands +~6 inch }----- {LeaChing solution leach, to aera- lution,2.0 vats, 62 hours. clarification, to

Idaho. Slimes -}16 inch vats. tion, to second strong precipitation.
leach, to weak solution
leach, to water wash.

46 O. D. countercurrent decantation section.
47 4 parallel groups of 5 each in series.
48 After regrinding.

49 Solution used throughout the mill; water used only for final filter wash.
50 Feed comprises blanket tailing to bowl classifier, to thickener, and flotation con

centrate from low-grade Oripple Creek and complex sulfide custom ore.
o
~
tj
~
t;j
00
00
H

~
Q

~
I--'
--l



TABLE 57.-Gold-milling data-Continued

6. PRODUCTION AND COST DATA. A.

~
I---L
00

Costs per ton of ore milled

~
t:r:1
H
>
~
I
~
H
H

Z
H

Z
Q

t-o
~

>o
H
H

o
t:r:1

1. 656

1. 994

1. 890
.985
..596

2.214

.918
61.318

Over-all recovery,
percent

A verage value of heads,
per ton

Average ore
treated per
day, tons

Mine and year I Gi~~~-I Amal- Con- Cya- Dispos- Mise)1
C~USh-1 sc,reen gamat- cen- nid- al lane- Total

Ing lng, . trat-. of
classi- mg ing mg tailing ous

~~g I
~re~~~~~,~~~~~ -2-5-_-__-_-_-__-_-_-__-i-2-$-I-I-.o-o-_-__-_-_-__-_-_-__-_-_-__-_-_-__-_~-8-3-.6-_-_-__-_-_-__-_-_-__-_-_-_-__-_-_-__~-$-0-.-~-41~~m~~~I~ ~M~\~~ aMI

Argonaut, Calif., 1929_________________ 246__ 2 6. 07_~_____ 89.03_ ___ __ __ __ __ See following section of table, 6-B __ ~ ___ _ .960

Alaska-Juneau, Alaska, 1929 {~~~6~1~----~=== ~ i:~~8===================== }78.5L___________________ . 052 1 .1631 .0151 $0.0351 None I $0.051 .316
Atlanta, Idaho, April 1934_ ____ _____ _____ 196_ _________ 8 16.34_~ ______ __ __ 89.55 gold, 94.58 silver____ . 102 .490 .082 .262 -- __ $0.057 I .169 1. 162
Talache,Idaho,Sept.1936--------------~ 119 Q7.00 90______________________ .130 .345 .062 .048 .055 .640
Pilgrim, Ariz., 1936___ ___ ___ __ 90___________ 8 9.25 gol(l only _ 91.7 gold, 73.0 silver____ __ See following section of table, 6-B_ __ 1. 049
Cardinal, CaliL, June 1937________________ 186_ _ 8 9.45___ ____ 90 _ __________________ __ ___ do . . __ __ __ ___ ____ 1. 240
Spring Hill, Mont., July 1929 to March 153 26.46 82_____________________ .1621 .290 1 1 .2581 1 .0521 .245 1.007

P1;:i~r,BritishColumbia,1931-- 490 26.30plus5.930z.silver 93.35 gold, 86.29silver .162 .465 .231 .209 1.067
Golden Belt, Ariz., Jan. 1936________ 648 68 7.35 gold only 96.0gold,80.0silver See following section of table, 6-B_________________________ 1.020
Golden Turkey, Ariz., year ended Oct. 670 68 5.59 90+_________ _do_____________________________________________________ 1.090

31, 1936.
Mammoth, Mont., 1935-__ __ __ ______ 50_ __ 8 9.10_ _____ __ 92 do_____ __ ______ _____ ___ _ __ __ 1. 680
Ml~~~~lon Consolidated, N. Mex., May 150 8~58.25 81gold,84silver_________ .370 I .360 1----- 1 .440 1--------1 .200 I .180 1.550

Peach, Ariz., 1936______________________ 250-300 83.15 44.4_ _ _ See following section of table, 6-B_________________________ .359
Golden Anchor, Idaho, 1937__________ 50_________ __ 824.88 gold, 2.58 oz. silvec_ 93.03 gold, 80.71 silver do_______ __ _ 53 890 532.700
Big Jim, Ariz., July 1933 ---------- ____ 53_ --- ----- __ ___ -- -- _-- _-- ______ 97-98 __ -- -- -- ____ . 104 1 . 686 1-- -- _-- _1 - - -I $0. 802 1-- ---- --I .233 64 1. 825
E:irkland Lake Gold, Ontario, 1930_____ _ 143__ __ 11.38_ __ __ __ 89.27_ __ __ __ __ .145 .642_ _ __ .532 ______ __ .070 1. 389
Coniaurum, Ontario, 1930_ ____ ___ 335_ __ 6.00_ ___ __ __ 96.35_ __ __ .346 .202 __ __ __ .314 .015 .062 .939
Yellow Aster, Calif., mine and tailings, 190 ore, 910 ~ _____ $0.233 .029 _ 66.262

1 month 1936. tails.
Tom Reed, Ariz., 1934-36_____________ __ __ 290__ __ __ __ __ 8 12.19 gold, O.52silver______ 94.5 gold, 63.85 silver___ __ See following section of table, 6-B_ ------ ----- _-- ------- I

United Eastern, Ariz., 1922-25 ggg g~~~L~=~ }19.87 1 _ 96.59____________________ .055 .825 -------- -----___ .725 .025 .364

Black Hawk,N. Mex., 4 months 1936 100 9to$12 8 goldandsilver 4--_ 88-93____________________ .357 .325 .822 .239 .147
Siscoe, Quebec, Dec. 1936 to Feb. 1937 56 561, 5750L_ 417.,52 97.5L 68.211 5Q.295 .035 .037 .268 .008 .131
Hollinger, Ontario, 1934 5,236 ~87.68 .081 .146 .061 .177 .017 .114

Golden Cycle, Colo., 1929_________________ 818__________ 110.38 ___ 96.8L __ __ .202 .270 .022 __ __ __ _ .470 .068 {50: g~~
Lone Pine, Idaho, Sept. 1936 43.5 See following section of table, 6-B - 1

Orogrande-Frisco, Idaho, 1937 _______ ___ __ 500-600______ 1.50 (approx.)______________ 80-83 do-- -- - ---_ - _- - --



6. PRODUCTION AND COST DATA. B

Costs per ton of ore milled

Labor and
super
vision

Supplies

I
Miscel- TotalGrinding Amalga- Concen- laneous

and clas- mating tration Cyaniding
sifying

$0.269 None $0.070 $1. 851
--- None .160 .960

6264.099 ------------ ----_._------ None - - - - - - - - - --- 62.236
6364.133 ----------_.- - - - - - -- ----- None ------------ .316

64.422 ------------ ------------ None .----- -:075- 1. ]62
64.205 ------------ None 640
64.355 -----None- ------------ None ------------ 049
64.590 - - - - - - - - .~ - - - None 240

.072 .118 ------------ .133 007

.262 ------------ .082 ------------ .060 067

~
64.140 ------------ ------------ 020
64.270 ------------ ----- ------------ .030 65 090
64.350 ------------ ------------ .370 680

.137 ------------- .214 ---- .068 550 tj

------------- .068 .359 ~64.520 ------------ .890 2.700 W.135 -- - - - - - - - _. -- ---------_._- $0.215 .028 1. 825 rn.234 ------------ ------------ .256 .062 1. 387 1-0\

64.084 ------------ ------------ .024 .329 Z
64.565 ------------ ------------ 66.175 1. 656 >-i.-c

64 1. 120 -----------

_~ ~ ~ ~ ~6:~ ~~~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~~~ ~
.062 1. 890

.113 $0.006 .338 2.214

.179 ------------ .066 .918
64 O. 173 611.039 7°.318

.066

.040

.050

.040

$0.035

Crushing

$0.405
.190

41.029
.039 1 1

.264

.135

.324 1 1

.280

.208

.274

.310

.270

.400

.265

.042 1 ---I

.720

.668

.368

.145 1--·-- 1

.526 1 __ • ·__ 1

:~~~ I-------~~~~-I
(68)

Power and I-----------------;-----~--
water

$1. 072
.230

62.108
63.144

.476

.225

.370

.370

.426

.349

.570
63.620

.560

.800

.249

.570

.779

.429

.076

.390

.708

.694

.608

.106

Mine and year

Porcupine-United, Ontario, 1930-3L _
Argonaut, Calif., 1929 _

Alaska-Juneau, Alaska, 1929 ------ ---------------- ------------I{
Atlanta, Idaho, Apr. 1934 _
Talache, Idaho, Sept. 1936 ~---

Pilgrim, Ariz., Oct.-Dec. 1936 _
Cardinal, Calif., June 1937 _
Spring Hill, Mont., 1929-30 _
Premier, British Columbia, 193L _
Golden Belt, Ariz., Jan. 1936 _
Golden Turkey, Ariz., year ended Oct. 31,1936 _
Mammoth, Mont., 1935 _
Mogollon Consolidated, N. Mex., May 1936 _
Peach, Ariz., 1936 _
Golden Anchor, Idaho, 1937 _
Big Jim, Ariz., July 1933 _
Kirkland Lake Gold, Ontario, 1930 _
Yellow Aster, Calif., mine and tailings _
Tom Reed, Ariz., 1934-36 _
Black Hawk, N. Mex., 4 months, 1936 _
Golden Cycle, Colo., 1929 _
Lone Pine, Idaho, Sept. 1936 _
Orogrande-Frisco, Idaho, 1937 _

1 Vary, R. A., Amalgamation Practice at the Porcupine United Gold Mines (Ltd.),
Timmins, Ontario: Bureau of Mines Inf. Circ. 6·133, 1931,5 pp.

2 Gold $20.67 per ounce.
4 Bradley, P. R., Milling Practice at the Alaska-Juneau Concentrator: Bureau of

Mines Inf. Circ. 6236, 1930, 16 pp.
Ii Crude ore.
6 Sorted ore.
g Gold $35.00 per ounce.
25 Gold 40 percent, silver 60 percent of total value.
28 Gold at $32.16 per ounce.
51 Grinding only.
52 Classifying, screening, conveying. and refining.
53 Includes $0.13 express and mint charges, $0.15 freight and smelter charges on con

centrates, and $0.61 overhead.
54 Rental of mill $0.612 additional.
lill Costs include amalgamation and cyanidation (mine plus tailing).

56 Tons crushed and sorted.
57 Tons cyanided.
58 Includes sorting.
59 Includes regrind circuit $0.020.
60 Roasting.
61 Except power and heat (power. light, and beat for mining and milling, $0.0578 per ton).
62 Per ton trammed.
63 Per ton sorted ore milled.
ft4 All supplies.
ft~ Not including $0.15 depreciation.
M Repairs.
67 Roasting supplies.
68 Power, light, and heat for mining and milling, $0.0578.
69 Industrial insurance, miscellaneous expense, and depreciation.
70 Except power and heating.

~
I---l-

~
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COPPER ORES

Chapman 88 has discussed the concentration of copper ores in earlier
Bureau of Mines publications. Bulletin 392 is a comprehensive work
containing operating and cost data in permanent printed form and is
available for consultation in most large technical libraries or may be
purchased from the Superintendent of Documents, Government
Printing Office, Washington, D. C., for 15 cents as long as the supply
lasts. A resume of the earlier discussion and data touching only
those points of special significance to the purpose of the present
bulletin is given in the pages immediately following.

The four major steps in the production of marketable copper are mining, con
centrating, smelting, and refining. In a few instances, however, leaching takes
the place of concentrating, smelting, and refining, * * *. At present, although
considerable leaching and direct-smelting ores are produced, the bulk of the
copper ore mined is concentrated. * * *.

From 1912 to 1932 the milling of copper ores as practiced in the larger con
centrators has changed to such an extent that comparatively few of the machines
in use at the beginning of the period remain in service today. Primary and
secondary crushing by machines of the Blake and gyratory types and intermediate
and fine crushing by rolls has survived, but in the grinding field the development
of pebble-mill grinding, the substitution of balls for pebbles, and the parallel
development of drag-type classifiers have all but eliminated Chilean and Hunt
ington mills * * *. In the concentrating field, * * * machines which
effected separations on the basis of difference in specific gravity between copper
and gangue minerals have been almost completely replaced by flotation equip
ment. In the Lake Superior district jigs and tables have, of course, been retained,
and in a few concentrators which treat sulphide copper ores tables have been
retained owing to unusual conditions at the plants or the smelters that treat the
mill concentrates.

The flotation process, which was responsible for the almost complete change in
equipment * * *, has also undergone marked changes since its introduction
in large-capacity concentrators * * *. Flotation, when first introduced
between 1913 and 1916, was used primarily to reduce losses of copper in the fine
tailings of gravity plants. From an accessory to gravity methods, flotation very
rapidly became a major process and finally, from 1923 to 1927, all but eliminated
the gravity method in the treatment of low-grade sulfide copper ores.

The rapid development of ball-mill grinding * * * must also be attributed
to the adoption of the flotation process * * *, since it was the incentive for
developing grinding methods which produced considerable copper minerals too
finely divided for successful recovery by existing gravity methods * * *.

The benefits derived from the adoption of flotation methods * * *. include:
(1) Increased recoveries of copper; (2) simplification of the milling process with
resultant decrease in the number of stages of treatment and the number of ma
chines required; (3) production of higher-grade concentrates by the elimination
of insoluble and pyrite which had formerly been included in the concentrates
produced by gravity methods; (4) production of concentrates other than copper
concentrates from plants essentially copper plants-for example, the production
of pyrite concentrates by the Britannia Mining Co., the production of zinc con
centrates at the Flin Flon and Sherritt Gordon plants, and the production of
nickel-copper concentrates at the concentrator of the International Nickel Co.,
all by [differential] flotation methods; (5) decreased first cost of concentrating
plants per ton of daily capacity and decreased operating and repair costs per ton
of ore treated; (6) decreased costs of milling and mining operations and improved
metallurgical results, permitting lower-grade copper ores to be mined and treated
and thereby increasing the available ore reserves of many properties; (7) general
adoption of flotation process, influencing the development of the reverberatory
furnace, which generally has replaced the blast furnace in snelting operations
with resultant benefits in the cost of copper smelting. 1

88 Chapman, Thomas G., Concentration of Copper Ores in North America: Bureau of Mines Bull. 392.
1936, 169 pp. Trends in Practice and Costs of Concentrating Copper Ores: Bureau of Mines InL Circ~
6792, 1934, 45 pp.
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From the milling standpoint, copper ores may be classified roughly
as follows:

1. Ores in which the copper is present in the native or metallic
form, represented principally by the ores of the Lake Superior district.
These ores respond to gravity concentration of the coarser particles of
copper, and the finer particles may be recovered by flotation or, as at
Calumet & Hecla Conglomerate mill, the sand portion of the gravity
plant tails may be leached and the slime portion may be treated by
flotation.

2. Ores containing coarse sulfides of copper and oxidized ores con
taining cuprite, which respond to both gravity and flotation methods;
these may be concentrated by gravity methods to recover the coarser
particles and the tailing from the gravity machines by flotation; or
fine-grinding and flotation only may be used. In most modern plants
the gravity step is omitted.

3. Ores in which th.e copper occurs in the form of fine sulfide mineral
particles disseminated throughout the gangue and whieh are treated
by fine grinding and flotation. These ores are represented notably by
the so-called porphyry-copper ores.

4. Oxidized ores in which malachite, azurite, and chrysocolla are
the predominant copper minerals that do not respond either to gravity
or simple flotation methods. Sulfide-filming of the carbonates followed
by flotation of the filmed minerals, or direct leaching followed by
precipitation of the copper from the soilltion may be employed for such
ores.

5. Ores containing sulfide copper minerals together with enough
sulfides of zinc, lead, iron, or other metals to warrant use of differential
flotation to separate them and to make a separate concentrate of
each.

As with gold and other ores, details of practice vary because of
differences in the ores or on account of economic considerations.
Five figures are presented to illustrate in a general way the concentrat
ing methods employed for treating the different types of ores.

Figure 150 89 is the flow sheet of one unit of the gravity concentration
section of the Calumet & Hecla Conglomerate mill. The sand tailing
from the mill is treated by ammonia leaching and the slime tailing by
flotation. Since metallic copper is malleable, it cannot be broken and
pulverized as can the more friable minerals, and after first picking out
the larger lumps or nuggets of copper by hand, crushing is done by
steam stamps; pebble mills instead of ball mills are employed for
grinding because of the abrasive qualities of the gangue.

Figure 151 90 is the flow sheet of one section of the Cananea Con
solidated Copper Co. mill as it was in 1929. This is a simple straight
flotation process that replaced an earlier combined gravity· and bulk-

89 Benedict, C. Harry, Milling Method and Cost at the Conglomerate Mill of the Calumet & Hecla Con
solidated Copper Co.: Bureau of Mines Inf. Circ. 6364, 1930, 22 pp.

90 Tye, A. T., Milling Methods and Costs at the Concentrator of the Cananea Consolidated Copper 00.,
Oananea, Sonora, Mexico: Bureau of Mines Inf. Circ. 6261, 1930, 21 pp.
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Skip

Wo. t ,egrlnding otani

Ore bin, I ive capacIty
varIable

!
Flotoition

plant'

Overflows

Oorr thickeners
flotation plant

leaching tanks

FIGURE 150.-Gravity flow sheet of Calumet & Hecla (11ich.) Conglomerate mill.
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flotation method. Table 58 summarizes the differences between results
obtained from the earlier and later methods.

TABLE 58.-Comparison of combined gravity and bulk flotation with differential
flotation at Cananea

Combined Differen-
Flow sheet ~~~tlo~~~ Hal flota-

tion tion

Combined .
gravity and l?lfferen-Flow shooL bulk flota- hal.flota-

tion tlOn

Period -- - -- _- _ Last half
1923

First half
1929

Period _ Last half
1923

First half
1929

.61

$0.0954
1. 95

87.40
88.21
95.80
15.8

$0.62
$.16 .
$.83

252,120
2.57

14.1

60.2

10.31

21. 44
.19

6.60

12.30

9.80

$0.0690

12,777

3.0

15.6

61.1

16.70

4.38
.29

5.20

15.20

11. 40

$0.0790

4,286

4.1

Iron in ore. percenL_
Copper in concentrates

percent-_
Copper in tailings do _
Iron in tailings do _
Insoluble in concentrates

percent __
Moisture in concentrates

percenL_
Cost of rods and balls per

ton of are treated. _
Copper produced in con-

centrates tons __
Plus 48-mesh material in

tailings. percent-_
Plus 65-mesh material in

t ai lin gs, cum u I a t i ve
percenL_

Minus 200-mesh material in
tailings percenL_

$0.51
$.10
$.69

406,010
6.81

95.74
96.19
88.28
15.2

.14

.086

8.80

$0.0550
3.29

Cost of concentrating:
Operation per ton __
Repairs do _
Total do _

Ore concentrated_ dry tons __
Ratio of concentration _
Recovery:

Copper percent-_
Silver do _
Gold do _

Powec. kw.-hr. per ton __
Pine oil used per ton of are

treated pound _.
Xanthate used per ton of are

treated pound _
Lime used per ton of are

treated. pounds _
Cost of flotation reagents,

including lime per ton __
Copper in ore percent__

Figure 152 is the flow sheet of the Miami Copper Co. concentrator
as it was in 1932; A shows the crushing plant and B the grinding and
flotation units. Figure 153 91 is the flow sheet of the Miami con
centrate re-treatment and filter plants. The ores are composed of
chalcocite and pyrite \vith subordinate amounts of oxidized copper
minerals disseminated mainly in a quartz-sericite schist.

81 Hunt, H. D., Milling Methods and Costs at the Concentrator of the Miami Copper Co., Miami, Ariz.:
Bureau of Mines Inf. Circ. 6573, 1932, 25 pp.
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FIGURE 152.-Flow sheet of Miami Oopper 00. (Arizona) concentrator (1932).



426 METAL-~IINING PRACTICE

Cleaner flotation
concentrate from
Figure 9

Overf IOw to ree Ia Imed
water pond

Two 46-foot diameter by Io-foot
thickeners

One 6 by 19 foot Dorr duplex classifier
15 s.p.m., 5-hp. motor

Two 6 by 12 foot A.C. ball mi lis
23 r. p.m., ISo-hp. motors

One 15 by 6 foot by 23-foot 4-inch
Dorr bowl classifier:
80wl,2 1/2 r.p.rn.; rakes, 25 s.p.m.;
bo"I,7 1/2-hp. motor; rakes, 7 1/2-hp.
motor

3 preagitator cells

1-2-3
Three 5-foot 6-inch by J3-foot Miami-type
flotation machines

4 - 5
Two 5-foot 6-i nch by 55-foot Miami-type
flotation machines

6
one 5-foot 6-inch by 2o-foot Miami-type
flotation machine

.. preagi tator cells

ho 6O-foot dl~ter by Io-foot
thickeners
3 mI nu t es and 15 second. per
revolution, 2-hp. motor

Three II-foot 6-inch diameter by l2-foot
Oliver filters
9 mi nu tes per reva 1uti on, 2-hp. mo tors
One lEi-Inch belt conveyor 126 feet long,
222 f.p.m., 7 1/2-hp. motor
One l6-inch Inclined belt conveyor 39 feet long,
151 f.p.m., 5-hp. motor

Concentrate "earl to smelter

FIGUH.E 153.-Flow sheet of Miami (Ariz.) concentrate re-treatment and filter plants.

>-

! 1OJ

c iJ
0

~
C

lG 1Il

0 G)

s:
G) 2s:
~
~

0 .-~

)( =
'0 !

G)
G)

C 1Il0

2 c
G)

13 (J

t) c
c 0
~

(J

~
~

~
t)
.r.
~

~



ORE DRESSING 427

Figure 154 is a flow sheet of the flotation section of the Britannia
concentrator.92 Here "the flotation treatment comprises first the
production of bulk concentrates which contain the chalcopyrite and
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FIGURE 154.-Flow sheet of flotation at Britannia (B. C.) concentrator.

pyrite with minor amounts of gold and silver. The bulk concentrates
are dewatered and, after additional grinding, are again subjected to
flotation. The latter operation produces finished copper concentrate,
finished pyrite concentrate, and middlings whicll are re-treated."

92 Munro, A. C., and Pearse, H. A., :.\1illing JV[ethods and Costs at the Concentrator of the Britannia
Mining & Smelting Co. (Ltd.), Britannia Beach, B. C.: Bureau of lVIines Inf. Oirc. 6619, 1932,24 pp.
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DATA ON COPPER CONCENTRATORS

Table 59 summarizes cost and other data on a number of copper-ore
concentrators.

The chief purpose of the table is to present typical milling costs
(sec. 8). Sections 1 to 7, inclusive, give supporting data from which
the reader may deduce the principal reasons for the variations in
costs. Thus, the lowest costs are obtained at the large-capacity
plants, principally due to the spread of fixed labor and other fixed
operating charges over a greater tonnage. At most plants the cost
of grinding is the largest single item except where relatively coarse
grinding suffices to liberate the ore minerals. At the plants listed the
grinding costs range from a minimum of 15 to a maximum of 52
percent of the total operating cost, the arithmetical average being
33 percent and the ordinary range from 25 to 44 percent. Also, it may
be noted that, on the average, labor cost is about 30 percent and power
and water supply cost about 26 percent of the total cost.



TABLE 59.-Data on copper-ore concentrators-Continued

L GENERAL DATA-continued

~
~
o

Mine, reference, and year General nature of ore treated; copper and associated
minerals and rocks

'I Mill heads,
copper,

, percent
I

General method of treatment

~
trJ
H

~
~
;j
H

~
C)

~
>o
H
H
o
trJ

Flotation (4 roughing stages. First-stage concentrate double-cleaned; all
other concentrates and cleaner middlings returned to roughers).

Flotation (finished concentrates in first cell of 12-cell mechanical machine
and tailing from last cell go to 6-cell pneumatic scavenger. Froth from
cells 2 to 4 of mechanical machine cleaned once and from cells 5 to 7 cleaned
twice. All other rougher froths returned to head of circuit).

{
Bulk flotation of sulfides producing finished tailing; concentrate reground

and treated by differential flotation depressing pyrite and producing final
concentrate.

Bulk flotation of chalcopyrite and pyrite in 2 roughing stages. Separate
primary rougher for slimes separated after primary crushing. Final tail
ing from secondary roughers. Primary rougher concentrate and cleaned
secondary reground and treated by selective flotation.

}
Flotation (single roughing and two cleaning stages; middlings returned to

roughers and primary cleaners).

{

Flotation (4 roughing stages-first 2 produce final concentrates. Concen
trates from 3d stage and cleaned concentrate from 4th stage reground
and returned to head of circuit).

{
Flotation (primary and secondary classifier overflows conditioned sep

arately and then combined and treated by two roughing stages. Final
tailing from second rougher. Primary rougher concentrate cleaned once.)

Flotation (16-cell machines; first cell produces finished concentrate; concen
trate from next 12 cells is double-cleaned; from last 3 cells reground and
returned to head of circuit).

Leaching in tanks with dilute solution of sulfuric acid and ferric sulfate,
clarification of solution, reduction of ferric iron with S02 gas, precipitation
of copper by electrolysis.

{
Flotation (roughing producing concentrate and final tailing. Rougher con

centrate cleaned once to produce final concentrate and a middling product.
Middling reground and cleanei! in two stages.)

4.55

1.524

21.13

20.97
II 0. 01

20.716
60.112

1. 05

2 L 250
191.110

3.67

month I Chalcopyrite with subordinate bornite, chalcocite, and
native copper in porphyritic quartz monzonite.

Miami, Ariz., 1930 16---------1 Chalcocite, pyrite, and subordinate oxidized copper
minerals disseminated in quartz-sericite schist.

Britannia, British Colum- Chalcopyrite and minor chalcocite and bornite with
bia, July 1931.16 considerable pyrite in chlorite schist.

New Oornelia, Ariz., 1928 22 _ -I Malachite with some oxides and silicates of copper dis
seminated in monzonite porphyry.

New Cornelia
1938. 23

Matahambre, Cuba, 1930 13 _I Chalopyrite with pyrite in quartzite and shale_ - -- -- -- -

Engels, Calif., 1929 H _ _ _ _ _ _ _ _ Chalcopyrite and bornite in gangue of fine-grained tour
maline in quartz monzonite (Superior mine) and in
altered diorite (Engels mine).

Utah Copper, Utah, 1929- Oopper sulfides and pyrite finely disseminated in mon- }0.9945 (1929)
1930, Arthur and Magna zonite porphyry, in quartzite, and in epidotized lime- 0.9603 (Magna
plants.1 7 stone. 1930)

Old Dominion, Ariz., 1929 18 _ Principally chalcopyrite and pyrite with some chalcocite, { 19 2.500
bornite, and cuprite in quartzite and limestone. 8 0. 109

Nevada Consolidated, Hay- Ohalcocite with pyrite and secondary quartz in quartz-I{
den, Ariz., 1928. 20 sericite schist gangue.

Sherritt-Gordon, Manitoba, Chalcopyrite, pyrrhotite, pyrite. Massive sulfide in
1931. 21 pegmatite and gneiss.



TABLE 59.-Data on copper-ore concentrators

1. GENERAL DATA

Mine, reference, and year General nature of ore treated; copper and associated
minerals and rocks

Mill heads,
copper,
percent

General method of treatment

1 Benedict, C. H., Milling Method and Cost at the Conglomerate Mill of the Calumet
& Hecla Consolidated Copper Co.: Bureau of Mines In!. Circ. 63tH, 1930, 22 pp.

2 Total copper.
~ Gardner, R. D., Milling Methods and Costs at the Harmony Mines, Baker, Idaho:

Bureau of Mines Inf. Circ. 6285, 1930, 18 pp.
4 Tye, A. T., Milling Methods and Costs at the Concentrator of the Cananea Consol

idated Copper Co., Cananea, Sonora, Mexico: Bureau of Mines Inf. Circ. 6261, 1930,
21 pp.

6 Rose, J. H., and McNabb, J. C., Milling Methods and Costs at the Concentrator
of the Magma Copper Co., Superior, Ariz.: Bureau of Mines Inf. Circ. 6319, 1930, 20
pp.

6 Oxide copper.
7 Kuzell, C. R., and Barker, L. M., Milling Methods and Costs at the Concentrator

of the United Verde Copper Co., Clarksdale, Ariz.: Bureau of Mines Inf. Circ. 6343,
1930,28 pp.

Magma, Ariz., 1929 6 _

Copper Queen, Ariz., 1929 10_

Morenci, Ariz., 1929 11 _

United Verde, Ariz., Sept.
1929. i

Nacozari, Mexico, last half
1929. g

o
~
t:'
!;d
t;j
(f).
(f).

;;
~

~
~
to

Differential flotation (3 roughing stages, primary concentrate cleaned twice,
secondary and scavenger concentrate returned with cleaner middling to
head of circuit).

Rough concentration on tables; tailing reground and treated by 2 roughing
flotation stages (secondary rougher concentrate or middling finished by
single cleaning. Rougher and cleaner both make finished concentrate
and tailing).

Flotation (first 4 cells produce final concentrate; secondary concentrate or
middling from last 12 cells returned to head of circuit).

3.29

27.12
6.04

23.06
6.034
8.170

22.71
6.05

22.15
8.13

21.916
8.225
2.67

2 2. 223 Picking, jigging, and tabling followed by regrinding and tabling, leaching
of sand tailing, and flotation of slime tailing.

14.59 Flotation (I-stage roughing followed by I-stage cleaning).

Flotation (2 roughing stages. Primary rougher concentrate cleaned in 2
stages; secondary rougher concentrate or middling returned to head of
circuit).

Flotation (overflows from primary and secondary classifiers treated sepa
rately by I-stage flotation).

Primary tabling followed by two stages of flotation treatment at 48- and 65
mesh sizes, respectively.

Flotation (2 roughing stages; both concentrates combined and cleaned once,
producing finished concentrate and middling that is returned to head of
roughers).

8 Acid-soluble copper.
o Rose, E. H., and Cramer, W. B., Milling Methods and Costs at the Nacozari

Concentrator of the Phelps Dodge Corporation, Nacozari, Sonora, Mexico: Bureau of
Mines InL Cire. 6358, 1930, 38 pp.

10 Wittenau, E., and Cramer, W. B., Milling Methods and Costs at the Copper
Queen Concentrator of the Phelps Dodge Corporation, Bisbee, Ariz.: Bureau of Mines
InL Circ. 6404, 1931, 29 pp.

ii Crowfoot, Arthur, Concentrating Methods and Costs at the Morenci Concen
trator of the Phelps Dodge Corporation, Morenci, Greenlee County, Arh~.: Bureau
of Mines InL Circ. 6460, 1931, 36 pp.

12 Dickson, R. H., and Smith, E. M., Milling Methods and Costs at the Verde
Central Concentrator, Jerome, Ariz.: Bureau of Mines In!. Circ. 6489, 1931, 12 pp.

Copper, iron, and zinc sulfide replacement in schist.
Copper chiefly as chalcopyrite.

Chalcopyrite and pyrite with small amounts of chalco
cite, bornite, and covellite in andesite and latite
breccia.

Finely disseminated chalcocite associated with pyrite in
siliceous porphyry gangue.

Chalcocite and copper oxides, carbonates and silicates
finely disseminated in quartz monzonite porphyry.

Massive and disseminated chalcopyrite and pyrite with
quartz.

Native copper in hard conglomerate (felsite, porphyry,
and quartz-porphyry pebbles).

Chalcopyrite and bornite intimately associated with
pyrite in quartz gangue.

Bornite, chalcopyrite, tetrahedrite, pyrite in silicified
lime and garnet gangue, and chalcocite in soft felds
pathic gangue.

Bornite, chalcopyrite, and pyrite carrying gold and I}
silver in silicified diabase with a quartzite gangue.
Mineralization comparatively coarse.

}
}
{
{

Ariz.,Verde Central,
1929-30.u

Calumet & Hecla Conglom
erate, Mich., 1929.1

Harmony, Idaho, 1929 3 _

Cananea, Mexico, 6 months
1929.4



2. CRUSHING PLANT

Size of product
SizeTypeNo.Size of product,

inchesSizeTypeNo.

Primary crushers I Seconda.ry crushers I .
I Capacity of

crushing
plant, tong1----,-.--.-----1 per hour

Percent Size, lllch or mesh

Mine

2 Total copper.
6 Oxide Copper.
8 Acid-soluble copper.
13 Kirchner, A. R., Galloway, J. V., and Schoder, W. P., Milling Methods and Costs

of the Minas de Matahambre, S. A., Concentrator: Bureau of Mines lnf. Circ. 6544,
1931, 11 pp.

14 Nelson, W. 1., Milling Methods and Costs at the Superior Concentrator of the
Engels Copper Mining Co., Plumas County, Calif.: Bureau of Mines lnf. Circ. 6550,
1932,22 pp.

15 Hunt, H. D., Milling Methods and Costs at the Concentrator of the Miami Copper
Co., Miami~ Ariz.: Bureau of Mines lnf. Circ. 657-3, 1932, 25 pp.

16 Munro, A. C., and Pearse, H. A., Milling Methods and Costs at the Concentrator
of the Britannia Mining & Smelting Co. (Ltd.), Britannia Beach, B. C.: Bureau of.
Mines InL Cire. 6619, 1932, 24 pp.

17 Martin, H. S., Milling Methods and Costs at the Arthur and Magna Concentrators
of the Utah Copper Co.: Bureau of Mines lnf. Circ. 6479, 1931, 25 pp.

o
~
1::1

~
00.
00.
I-l

~
Q

~
~
I--"

220

400

100

335+48-mesh -I}
-200-mesh _

:::::::::::::::: :::::: 56 x 24 ill-- --- - -- -- --~~:~-- ~r~~::::::::::::I 25-27

{
Rolls in closed circuit 481n __ ;_ ~--------- {~533. 7 -% ~n I} 100

with screens. 54 x 20 In__________ 1. 5 +H In_ - ----------
26.6 -10-mesh _

18 Forrester, D. L., and Cramer, W. B., Milling Methods and Costs at the Concen
trator of the Old Dominion Co., Globe, Ariz.: Bureau of Mines In!. Circ. 6467, 1931,
30 pp.

III Sulfide copper.
20 Garms, W. 1., Concentrator Methods and Costs at the Hayden Plant of the Nevada

Consolidated Copper Co., Arizona: Bureau of Mines Inf. Cire. 6241, 1930, 25 pp.
21 Staff, Sherritt-Gordon Mines (Ltd.), History, Development, and Production Plans

at Sherritt-Gordon Mines: Trans. Canadian lnst. Min. and Met., vol. 53, March 1932,
p. 104. Chapman, Thomas G., Concentration of Copper Ores in North America:
Bureau of Mines Bull. 392, 1936, 169 pp.

22 Bell, G. A., Leaching Practice and Costs at the New Cornelia Mine of the Calumet
and Arizona Mining Co., Ajo, Ariz.: Bureau of Mines lnf. Circ. 6303, 1930, 29 pp.

23 Barker, L. M., Milling Methods at the New Cornelia Branch of the Phelps Dodge
Corporation: Am. lnst. Min. and Met. Eng. Regional Meeting at Tucson, Ariz., Nov.
1,1938.

24 1 is a spare.
25 Screen undersize.

{
Moving parts, { 14.5 +10-mesh }EaCh jaw

Steam stamps_________ 6,000 lb. 28.3 -200-ll?-esh________ crusher,200
. { 30 -2+11nch } 25Rolls 30:x 18 In_-________ 10 +200-70-mesh _

{

25. 9 - 2+1 in }
Cone 48 in______________ 49.4 -l+H inch _

6.8 -8+1O-mesh .. __

~ 1-~!1r.1~j~~~~~ :~y~:::: ~J~:f~-:::::::::: ::~~~ ;:t:%~1~i¥~:::::::::::: ::::::::::::
. { 4.42 +lH in } 1902 Disk 48 lll_ - ------------ 6.96 -200-mesh _

.do ~_~ __ do { 1~: ~ ±M~-~esh~~=:==:= }

{
Rolls in closed circuit } { 67 4

with secondary 54 x 24 in__________ 19:0
screens.

Jaw 124 x 28 in 1 ?--------------I

___ do 16 x 18 in______________ -IH'--- _

Gyratory__ l No.6 Kennedy 1-4H-- I{

G {No.8, type N, AlliS} 1~yratory__ Chalmers. -3 7,,---- _

Jaw 12 x 24 in -3H---- _
do 48 x 36 in -4 -' {

Gyratory__ No.8 McCully -4 }
--_do No.4 Telsmith -IH---- _
Jaw 84 x 66 in -1O }
Gyratory__ No.8 McCully -4 _

Jaw 36 x 48 in {6~3--percent+-}
Cone______ 7 fL 0.742 in.

90.3+100-mesh_

~~:e~~~=== ~~ fn~~_i~-_-~~=====~~==== =~~===========}

Morenci, Ariz_ ---------I{ H ~

Calumet & Hecla Con-I}
glomerate, Mich.

Harmony, Idaho _

Verde Central, Ariz -I{

Matahambre, Cuba _

Cananea, Mexico _

Magma, Ariz _

United Verde, Ariz- _

N acozari, Mexico, last I{
half 1929.

Copper Queen, Ariz {



TABLE 59.-Data on copper-ore concentrators-Continued
2. CRUSHING PLANT-Continued

~
~
~

Size of product

Percent I Size, inch or mesh
SizeTypeNo.Size of product,

inchesSize

Primary crushers Second~ryerushers ICapacity of
crushing

plant, tons
per hour

TypeNo.
Mine

~
t;j
f-3

~
~
~
~
41

t-d

~o
f-3
~

o
trj

350

100
+2 in }
+1.05 in _
- 2OO-mesh _
-%in _
-Y-i in _
+H in }
+ 4-mesh _
+4-mesh _
-65+l00-mesh _

G {
No. 5 McCully, }

yratory----- --------- No.6 Gates. 24
1 Rolls 54 x 24 in { t~
3 do 77 x 24 in --------

Ie 3 do 80 x 24 in - --------
2 Cone 5~~ fL { ~~

26 4 Rolls 54 x 18 in__________ 3.5
26 1 do 72 x 20 in_ _ 33.5

{ 23.16 +.742 in-----------l4 Cone 7 fL_______________ 6.93 -200-mesh _

:d:~O~li~:~~~~~~~========= :4~:~J~:~~::::==:::: --~:~r -:£~~:~~:::=:::: 1,450±

Disk_ - -- -------------- 48 in_ - ~ - - - - - - --- - - - -ii4-- +~lJ5 iin-~---~~~ ~ ~~== } 125
Rolls 60 x 24 In { Q. 8 -200-~esh--------

Dis:~_~~~~~~~~~~~~~~~: :: ::::::~~~~~~~~:~ LH-- ~~:::s~::=:=:::} 12.1
· { 4.7 +3-mesh } 50-55

162 1 Rolls 43 x 161n -_____ 9.2 -200-mesh _
· {27.92 +.525 in }

4 do 72 x 20 In__________ 11.90 -200-mesh -----------
· {1.1 +10-mesh } 435

10 16 do 42 x 161n__________ 43.4 -200-mesh _

{
10.6 +% in }Cone 7 fL_______________ 4.2 -200-mesh________ 125

M1~ _~:~~--~~~~~~~~~~~~~~~ _~~[~_ln-~:~~~~~~~ i:~:.::: ~~ii~~-~--~~~ :::::~::::
{

1. 3 +0.742 in } ,
Ie 6 Short-head cones do_____________ 31. 7 -4-mcsh _

___ do Traylor No. 8 -3
1

Jaw 24 x 36 iIL -3 _

Cone 7 ft -L {

Jaw 36 x 48 ~-------------- }-6 {___ do 24 x 36 In _

Gyratory__ No. 27_________________ -6 _
___ do - do___ -6 _
___ do do_____ -6 _
___ do -- - - _do_____ -6 _

2 I do No. 7~ Kennedy-- -4----------J{
2 I- __do -1 do 1-4 --I{

4 1 do -1 No.8 Gates 1-a I{

2I Jaw 30 x 42 in.. -4~----------1{

Gyratory__ No.24 -6 _
___ do No. 8 -3 _

___ do 48 in -6 to -8 _

___ do_______ 54 in __ ---------------- ---- ------ 1

Ariz,

Ariz.,

Unit No. 2 _

New Cornelia,
1928.

Engels, CaliL ----------I{
Miami, Ariz _

---------1---1------1--------------·1---------1---1-----------1 1---1---- 1-----

Britannia, British CO-I{
lumbia.

Utah Copper, Utah:
(1) Magna _
(2) Arthur _
(1) Magna _
(2) Arthur _

Old Dominion, Ariz.:
Unit No. L _

Nevada Consolidated, I}
Hayden, Ariz.

}

{

{New Cornelia,
1938.

Sherritt-Gordon, Man
itoba.



3. GRINDING PLANT

1_ Grinding mills

Grinding media

Skeleton size-analysis

Mine
No. Kind Size Oircuit

Circulat-INew feed,
------------1 ing load, tons per I

percent hour

Feed Product

Classifier overflow

Kind Size, inches Percent lInch or mesh I

Mesh

2g+20
-200

-70+200
-200

+10 0
-200 ~

+48
tr.1

-200 t;1
~1

tr1
+14 W'

w'
-200 1-(;

+35 ~;

-200 cp~

+35
-200
+65

-200
+48

-200
+35

-200
+20

-200

+65
-200
+65

-200

~
~
~

35.0
65.0

Percent

+10-mesh_ -} 2g 0 2

{
+150 -100- 26· 3

mesh. .
+4-mesh }

{
-70 +200-
mesh

+1 i~. } 4.66
+~ In_ ---- 32 16
-200-mesh_ .
+10-mesh__ 1. 32
-200 in. 76.52+1 in_ _____ S c r e e n

{
-% in., + under-
4-mesh. size, 2.7
-200-mesh_ 20.9
+14-mesh__ .5
-200-mesh_ 57.4
+3-mesh___ 2.3
- 200-mesh _ 56. 3

1··------------ { 73: ~
+1~ in - .73
-2OO-mesh_ 86. 00

{
.4

1- - - - - - - - - - - - - 58. 0

j
sand 2.0

}
+2O-mesh_ _ 12.8 over
-200-mesh_ flow. 2.4_

75.9
+20-mesh .. _ 1. 0
-200-mesh_ 73.5C~i~~l~ semi- 1}3~--------I---------L--------_1{45: ~

30 Primary.
31 Secondary.
a2 In series with bowl classifier and ball mills.

} ____dO_ _______ 2li-- ______ 1

1~ I
1: I{--~~~-}_______________ 3~--------

6.96
}_______________ 2~-------- 170 105 .________

High - carbon } I
01 178 I{ 1. 4steel. 3-- -- - - -- - - 13.4

Pebble milL __ I 8x 6 fL -I Open 1 Pebbles 1 4 _ o {4.5 per 18.0
mill. .5

{
Closed with drag clas- } 35.0

BallmilL 1 7ft.x36in 1 si:f~.er3~ and cleaner Cast iron 2and3~-- 58 9 150
mIddlIng. .

Rod mi1l 30 16X 12ft I{O~~~~.with drag cIas- O~d~~~st~~I_ }3!4 x 12 fL 108 { 3t ~

Ball mills 11 8ft.x28in do {C~~~~e-steel }2~-------- ---------- ---------- { i:~~

}
{

1. 7
- - __ do_ - - - ---- 5__________ 40-50 30-34 53. 7

} {
2.7

Cast-iron balls_ 2__________ 100 ____ __ ___ _ 1. 5
5.3

.do_ - - ----- 3~-------- 400 64 {ItU

2G Tertiary crushing.
27 In closed circuit with impact screens.
28 Regrind mills; only 12 used in 1929.
20 Pebble-mill tailing.

Calumet & Hecla I}
Conglomerate, 28 24
Mich.

Harmony, Idaho_

Oananea, MeXiCO_I! :

I

3 do.10 16x4~ft-------I{Closed with Oallow
Magma, Ariz I screens.

3 Tube mill II
--- 5x 10 ft {ClOSed with drag clas-

Unit~d Verde, I} 2 Ball mill 30 -------- sifters.
ArIZ ----. 1 dO.

31
8x12ft do 1

{

. ------ do ._ {CI~Sed with bowl clas-
N acozari, Mexico, 6 Rod mIll 30__ __ sIfter.

last half 1929. I 6 dO.31 6X12ft {O~f~~fg~I~WedbybOWl

I
do {CI~fised with drag clas-

S1 ere

COPI?er Queen, I 32 8 do.30 6x 12 ft {open, .followed by bowl
ArIZ. classIfiers.

I 8 Ball mill 11 do {Cl~ftsed with drag clas-
Sl ere



TABLE 59.-Data on copper-ore concentrators-Continued

3. GRINDING PLANT-continued

~
CI.:'
~

~
~
il.......~

~

~
L'

~
Z
H

Z
Q

~
pj

>
C
~
~

§

+48
-200
+65

-200
+48

+8
-200

+48
-200

+48
-200
+35

-200
+48

-200

+48
-200

7.0
53.0
1.5

72.0
4.0

.6
25.3

7.0
54.5

.90
54.79

.02
62.70

.06
65.35

.16
65.32

+~in _
-lO-mesh __

+8-mesh _
-200-mesh_
+1.0.1 in _
-200-mesh_
+1.0,1 in _
- 200-rnesh _
+8-mesh _
-200-mesh_
+3-TIlesh _
-200-mesh_

1--- -- . {

--~~i~-:-I{10016.3

----------.--------1-------------1-----------1------------

110 I 54 I{ 1. 5
26.6

{ .6150 I 15 I 25.3

\{ 1. 66o 15.9 3.99
1. 83

33 24.5 { 4.80

I{ 3.71315 12.05 10.69

340 } { 2.63
340 9. 05 13. 03
340

125

2 1 • _

3

4~

2~

2~
2~
2H

Ball mill 30 17 x 12 ft __ - 1{Cl~sed with drag ClaS-I}cast ir.on_____ do. 30 8HxI2fL SIfters. ------
_____do. aI _ _ _ _ _ _ 6~ x 12 ft ______ _ do __________________ _ do - - - - - - - -

_do 8 ft. x 36 in do do

_____ do.IO 6 x 4~ fL Closed with trommels SteeL _

_____ do.a1 6 x 6 fL Closed with drag classi- }

_____ dO.II 5 x 5 fL ~~J~.___________________---do---------

_____ do.ao 8 ft. x 36 in Open Cast steeL _

_____ do.ao 8x 6fL {p~r~~;~o:1ItTith1 sec- } dO _

1 Tube mill 11 6 x 12 fL Closed do 1

1 do. 3l do Closed with rakes 12 do _

~ -Balld::;:{lil~~~= ~ ft:~ ~t6-in==~= }====~~==================~ ==~-=~~~===~====
12 do. 30 do Partly closed with rakes -----------
12 do. 3l do Closed with rakes -----------
6 dO. 33 10~ x 8 fL___ _ {C~:~~ with bowl classi- } _

i -~~_ ~::::::~~~~~~ : :t~~ ~2:i~~ _-: :~~:~::~::::~:~~~ ~::: ~~- :sc~a~~~~~~;-:~: :::::::::~~:::: :or:-:: _: I(~i~ ~ -{-+!:i~~~~ = }- ~ ~ - - - - --

I I I mesh. I
18 1 do.I1 5~ x 9 fL_- Closed with drag classi- do_________ 3~ 150-200 1---------- -------- --.------ .. -.. -----------1------------

fter.

! Grinding mills I 1 ~kelet~_~_~e-anaIYSiS

I Grinding media 'Circulat- New teed,1 Feed Product
I I ing load, tons per I I -----

I No. Kind Size Circuit i percent I hour ! Classifier overflow

I Kind Size, inches I I ,.:.percent Inch or meshl--------- ----

_: I ' I Percent I Mesb1---1-- -----
200. I--

I

Mine

Miami, AriZ J!
Britannia, Brit- 11

ish Columbfa.

Morenci, Ariz -I{
V e r d e Central,

M:r::'bam hre, I{
Cuba.

Engels. Calif__ . _



o
~
tr:j

t;f
~
tr:j
en
if1
H

Z
~

+100
-200

+100
-200

+35 -10
-200
+48

-200
-3f> +48

-200

+65
-200

+35
-200
+35

-200

+10-mesh __
-200-mesh_

+3-mesh___ 25.8
-200-mesh_ 35.9
+35-mesh __ 1. 2
-200-mesh_ 74.7
+. 725 in___ _ 5. 5
-200-mesh _ 52.2
+10-mesh_ _ 2.2
-200-mesh_ 72. ,5

+% 6 in ____ 22. 4
-200-mesh_ 26. fi
+35-mesh __ 3. 6
-2oo-mesh _ 43. 2

{
36 833 25.6 I +4-mesh___ 38 2.6 38 +4

~~I __ :37572_6_7_l~~meSh: { 38:U ::'=-ttJ

2~~

2~

{scrap iron and

:: :_:: ::::::::::::: 1_~_~ _1:
0
1::::::::: 1_ ~1~S;:_ :i~h_~:~~~::::::: 1 ~~~~r~:e~er-

13 1 -dO.30-------I-----do---------! Open ---- 1_ -- - _do - - --I
39 dO.31 do Closed with drags do _

--- __ do.3°_______ 6 ft. x 50 in I open 1 Cast iron -- 2~ { ~: ~
_____ dO.31 do Closed with drags do_________ 2 360 50-55 25.8
_____ dO.31 8 ft. x 36 in do do_________ 2 360 } { 35.9

RodmilL 6x12fL do SteeL 3in.x12ft. 300 10-12 {li:~

} 16 Ball milL 7 x 10 fL__ _ {C~:~~ with bowl classi- }scrap steeL __ 2 264 368 {4~: ~

{

303 d 8 ft - 60 . {Partly closed with rake}F d t I 3 "L' ht" 38 8 { 9.9----- 0________ _ • x Ill_____ classifiers. orge s ee --- Ig. 7.2

31 3 do 8 ft. x 72 in do do_________ 2 "Light" { ~~: ~

None ---------------- ------------

1

3016 Ball milL 16 x 15 ft {partly.closed with spiral } .
New Cornelia - classIfiers. Cast semlsteeL

Ariz-.; 1938. '13116 do do {ClOsed with spiral classi- } dOfiers. ---------

341 do , 8 x 12 fL {C~:~~:with bowl classi- }---------------I-------------I--

Utah Copper,
Utah;

UJ Magna_ - -11

ell Arthur- --I{
Old Dominion,

Ariz.:

Old plant- ---I{
New planL __

Nevada Consoli
dated Hayden,
Utah,1928.

New Cornelia,
Ariz., 1928.

Sherritt-Gordon,
Manitoba.

30;Ptimary.
3.1: Secondary.
32 In series with bowl classifier and ball mills.
33 Tertiary mills.
34 Concentrate regrind.

35 Middling regrind.
3ft Capacity.
37 During period covered by metallurgical and cost data.
38 Primary mill discharge.
3Q Classifier overflow.

~
CAj
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TABLE 59.-Data on copper-ore concentrators-Continued

4. CONCENTRATION, FIRST STAGE

Feed Products

Skeleton size Concentrate Tailing
Mine Method Tons Solids _ _

S Copper,' , M.ddrource per percent per- lIng Tons
hour cent Per- Mesh Tons per Copper, per Copper, percent

cent hour percent hour
------'----'1------,--- ----- ----- .___ _ ~ _

Calumet & Hecla Jigging Sta!llp-mill screen -------- 2.95 { ~~: ~ -+48 } 39.65 finaL Hutch to tables. __ Jig. overflow to flota-
Conglomera te, dIscharge. hone
Michigan. .. { 10.0 -70, +100} 40Harmony,Idaho FI.otatlOnrough- Classifier overflow_ 11 4.59 55.9 65.0 -200 3.2 15.7 None 7.8 0.02final.

Cananea, Mexico ---~~~~---------- do____________ 100 2.44 -------- { 73:~~ --t;~g } 23.42 To cleaner________ .15.

Magma, Ariz Shaking tables __ Screen undersize__ 27 7.12 { 2~: ~ --t5~ }4.8 15.92 finaL Return to Callow 22.2 5.23 to. tube-mill

{
8 +65 } screens. classIfier.United Verde, Ariz__ Flotation Bowl classifier, 64 3.06 25.6 73:8 -200 12.5 14.42 Return to head of 51.5 .32.

overflow. ! 73 +48 } cells.Nacozari, Mexico, (1) Flotation do {41 32. 8 2. 93 1. 86·00 200 4.1finaL 22.47 To roughers.
last half 1929. cleaning slime 42 39.3 3.15 19 av- . -

section. erage
all

(2) Sand section_ Drag classifier, {41 71. 3 2. 61 tr~~~. 58·~ --t;~g }TO cleaners To secondary roughers.
overflow. 42 84.7 2.70 { 2· 4 +65 }

dopper Queen, Ariz_ (1) Slime section_ Bowl classifier, 80-90 1. 60 22 75: 9 -200 ------------- 13.54 finaL Returned to head 1 0.22 final.
. overflow.. { 1. 0 +65 } of cells. n

(2) Sand sectlOn_ Drag classifier, 90-100 2.48 23-25 73.5 -200 11.30 finaL do_ _ .18 fi al.
.. . overflow. . { 67.4 +48 } . .MorenCI, Arlz Shakmg tables._ Screen underslze__ 205 1.82 19.0 -200 4.0 19.59 finaL T?pnmarygnnd- None.

{
3 5 +48 } lng.Verde Central, Ariz., (1) F lo.t a t io n Classifier overflow- 16.3 2.67 ------ - - 51· 0 -200 ------------- 15.0 to ------ -------------- 1 0.6 to secondary

N:l and June I (2)~~~~d~~·______ Primary rougher ~ ~ ~~~~~~~~~_ .~~;~~~s.
tailing.

~
~
~

~
t:rj
~

~
I

~

Z
H

~o

~a
~
H
a
t;j



{FlotatiOn (pri- Secondary balI-mill}
{ 7.0 48 }----------- --

. '{TO seCOndary}Matahambre, Cuba_ mary rough- classifier over- 54 4.55 35.8 54.5 -200 19. 7-28.4_ - roughers. ------ers). flow.
/cells 2-4 to finish-

1-----
{Flotation (pri-} { 2.80 +65 1.4 first cell }29.18______

er; cells 5-7 to
{0.16 (to scavenEngels, Calif________ Classifier overflows 45.5 1.54 26-28 primary cleaners;mary). 62.42 -200 final. cells 8-12 to sec- ger).

ondary cleaners.
{ReCirculated to

}-----Miami, Ariz ________ Bulk flotation___ {BoWl-Classifier } 714 { 2.716 ------ -- 4.23 +48 }------------- {TO clean- head of cells via {0.153.2
overflow. 11.604 -------- 50.88 -200 ere bowl and re- 0.06918 final.

grind.
Britannia, British Bulk flotation. Drag classifier fol-

}------- { .9 +28 r2.0-40.0---- -

{0.16-.30 to scavColumbia, July (1) primary lowing grizzly ---------- -------- 58.4 -200 ro-n .o---- -------------------- ---- -- enger cells.1931. slime. and screens.
{0.07-.10 to scav

(2) Ground ore __ {Ball-mill classifier }------- { 3.0 +28 9.0-10.0____ ------------------- - enger cells.overflow. 39.5 -200
Utah Copper, Utah:

{ThiCkened balI- 1,170 }{FI.otation rough- { 9.60 +100 }------------- {? To clean- Returned to head }-----(1) Magna______ mill classifier (Apr. .957 24-26 68,49 -200 ers. of roughers.lng. overflow. 1930)
(2) Arthur______ _____ do___________ _____ do_____________ 27-30 68.49 -200 ___ do _______ _____ do ____________ {0.1046.2

-- ------ ---------- -- ------------ --- - -- 0.0746.19

{Flotation rough-
}Classifier overflow_{" 55. 6 {' "2.61 } 22 r46

. 2 44_48 6.9 43________ 18.97 43__ -- {TO tertiary flota- }----- {TO scavenger OJ
Old Dominion, Ariz_ ing, first two 1H32.501 55.3 -200 5.4 44 ________ 25.22 44 ____ tion. final rougher

stages. 44 63.° 442.53
Nevada Consolidat- Flotation; pri-

}___ .do____________ { 2.2 +65 }------------- {TO cleaner To secondary }-----ed (Hayden), Ariz. mary rough- 368 1.250 32 72.5 -200 cells. rougher.1928. ing.
Sherritt-Gordon, {FlotatiOn rough. }____do ____________ 38.8 3.67 35 { 3.6 +35 First cell fi- }22.79______ To cells 2-13_______ ---- --

Manitoba, June to ing 1st cell. 43.2 -200 na!.
November 1931.

Cells 2-13 _______ First celL _________ -------------- ------------ To cells 14-16______
Cells 14-16______ 13th celL __________

123-1;C;-36-io-
F~:~~·~~:

To cleaner________
New Cornelia, Ariz., {FI.otation rough- }Classifier overflow_ 572 2.97 20-24 { 1.3 +48 bowl class- 550 To waste.1938. mg. 55.3 -200 fier.

----------- -- - - - - - .- -

o
~
t::1

~w.w.
~

~
cP

2 Total copper.
11 Sulfide copper.
40 15 percent final concentrate; balance to cleaner cells.
41 New feed.

U Including return feed.
43 1929.
u 1931.

~
Qj
-..:r



TABLE 59.-Data on copper-ore concentrators-Continued

5. CONCENTRATION, SECOND STAGE

Feed Products

I Skeleton size Concentrate Tailing
Mine Method Tons -_.__ ._----~---

;O-;onrce per Copper, Ihour percent
~e~t I Mesh

Tons Copper, 'rons per Copper,per Disposition Disposition
hour percent hour percent

Calumet & Hecla }(1) Tabling _______ Jig hutch _________ Final concentrate_
~~~~~~~~~~~=}Conglomerate, ------ ----------- -------- ------- ------ ------------- 0.70 Regrind mill.

Mich.
(2) Tabling_______ Jig overflow sands. ------ ----------- ------- ------------ _____ do ____________

Cananea, Mexico __ Flotation clean- }Rougher middling 0.93 { 0.08 +40 }----- 5.36 To reclea;ner _______ Middling .68 {TO rod-mill classi-
ing. 91. 54 -200 fier.Magma, Ariz ______ Flotation rough- Tube-mill classi-

}22.1 5.23 { .5 +35 }6.3 17.97 final To dewatering ____ { Middling 2.0-3.0 To cleaner.
ing. fier overflow. 57.4 -200 Tailing .198 To waste.

Nacozari, Mexico, Flotation second- Primary rougher ----------- ------- ------- ------ ------------ Returned to drag 64 .13 Final to waste.
last half 1929. ary rougher sand tailing. classifier.

section.
(Flotation (pri- Primary ball mills 200 1. 56 { 7.0 +48 }----- To cleaner cells ____ .53 {TO seconda.ry

mary roughing) . table middling. 53.0 -200 ----------- - ------------ grinding.
Morenci, Ariz ______ {primary tailing

}-----Flotation (second- and cleaner mid- { 1. 5 +65 }----- 45.358 To waste.ary roughing) . dling after sec- -- ---- --- -- 72.0 -200 ------------ ---------- ---- ------ ------------
ondary grinding.

lFlotation, (2) sec- }Primary middling_ 14.3-15.2 To head of circuit ______________ 1. 05-1. 40 {TO tertiary rou
< ondary roughers. ------ ----------- ------- ------- ------ ers.Mat a h a ill b r e , (3) Tertiaryrough- Secondary mid- ----------- 9.1 _____ do ________________________ .27- .30 To scavengersCuba, 1930. I ers. dling.

(4) Scavengers_____ Tertiary tails _____ 5.2 _____ do ________________________ .216 {Final tailin----------- waste.
{Flotation finish- Primary cells 2-4. _ 1. 65 13.42 .755 27.0 FinaL ____________ 2.21 12.18 To primary

Engels, Calif., 1929_1 p~~~ry cleaning_ er.
Primary cells 5-7__ 1. 81 3.13 1. 31 19.98 To finisher cells_ __ 3.18 3.37 To sece

cleaner.

~
~
00



Miami, Ariz., 1930__ Bulk rougher con- Bulk flotation con- - ----- ----------- --- -- -- - - --- -- ------ 15.74 To selective flota- ____________ ------------ Returned to head
centrate clean- centrate. tion. of bulk flotation.
ing.

Britannia, British Scavenging cells Bulk tailing_______ ------ ----------- --- -- -- ------- -- ---- ------------ To concentrate re- ------------ .11 To waste.
Columbia. (roughing and grind.

cleaning).
Utah Copper, Utah Primary flotation Rougher concen- ------ ----------- ------- -----_.- ------ ------------ To second clean- - - ---------- ------------ To head of rough-

(1) Magna. cleaning. trate. ers. ers.
Old Dominion, Flotation rough- From second stage" ------ ----- ---- -- ------- ------- ------ 10.0-12.0 To regrinding mills ------------ ------------ Scavenger flota-

Ariz. ing, 3d stage. tion.
Nevada Consoli- Flotation rough- Middling from ------ --- ------ -- ----- -- ----- -- ------ ------------ To head of pri- ------------ } 2.171 }TO waste.dated (Hayden), ing, 2d stage. primary. mary roughers. 19.079

Utah.
Sherritt - Gordon, {Flotation rough· From 1st eelL _____ -- ---- ----------- ------- ----- -- ---- -- ------------ To 6th cell of ------------ ------------ To cell 14.

ing, cells 2-13. cleaner.Manitoba. Cells 14-16________ From cell 13_______ Joins tailing from ~6. 215 Final.-- ---- ----- ------ ------- ------- -- -- -- ------ - - - ---
cleaner.

------------

New Cornelia, Flotation clean- Rougher coneen- 23-36 16.0-25.0 ------- --- ---- ------ 31.16 Final _____________ ------------ ------------ Middling to bowl
Ariz., 1938. ing, primary. trate. classifier. Sands

reground andjoin
overflow to 2-
stage cleaning.

~
~
~
0)
o
~

J:

I
~

2Total copper.
19 Sulfide copper.

46 0.205 percent acid soluble; 0.153 percent sulfide.
~6 Computed.

o
~
t:j

~
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U2
H
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TABLE 59.-Data on copper-ore concentrators-Continued

6. CONCENTRATION, FINAL

~
~o

Feed Products Entire plant

Over-all re
covery, per

cent

Ratio of con
centrationTons per Icopper,

hour per
cent

Copper,
percent

Tons
per

hour
MeshPer

cent

I

TailingsSke~eton I cone,entrates , ___I Recov-
Size - --- ery,

I -----, -- -~ per-

cent

Copper,
percentSourceMethod

Mine

~
[rj
f-3
>
~
I

~
H

~

Z
Q

l-d

~o
f-3
H
o
l:rj

6.8-L 1 95.74.

2.43-L --- __ I 98.37
5.1-L ___ __ 91.13.

}8.9-L 95.86.

6.58-L - - - - - - - - {~919~~58.
14.81-L 82.56.

32.58

63.28

(50)

95

28.2 _

O. 109 I 47 81. 21}

_ _ __1081'8
85

.
3

_ :~~:~~ ~~~~~~~~: ::2,

23.67

22.47

35.05

28.61

17.97

{

Middling I}
to rod 2.37

12.66 I IJ?ill clas-

SIfier. 198

: 32
.11

7.6

27.17

12.5
4.1

(51) I (51)

O. 580 I{ 8&: g" I --1z6g I} 1. 08
{ 2.0 +28}

. 736 8. 0 - 200 -
1.2

{ .10 I +48 I}5.36 I 82.42 -200 -------

(51)

Primary rougher I 19.7-28.4 I________ I_______ J 19.4
concentrate.

Primary cells 8-12
and primary clean- I~ 1. 92 I_______ J _______ J .47
cr.

Primary tailing ____ -, .16 I _______ J _______ -' 6.95

12.92 150.8 1 .22 I 91.32

. .. Primary concentrate 1 1 1 1 1 19.80 Returned !o ~cc- 76.49
FlotatIOn cleanmg J2 __ {secondary concen- } } ondarygrmdmg. }

trates.

do _ _ __I Hougher concentrate 15.0 ------ ------ 2.3 ::::: _~et::nedto ~(:~g~~rjS~~~:::::I ::~:~::: ::::::I:::~:
{

11.22 (to 4.15 (to}
primary head of 1.96
eleaner). circuit.)

{
l.05 (to}

h.ead. of 4.33________ .15 1 -' 19.94-L J 91.34.
CIrCUIt) .

Morenci. Ariz -- I

Cananea, Mexico I Flotation recleaning __ 1 First cleaner _

Calumet & Hecla 1{(3) Flotation I{Ta~le-tailand other I}
Conglomerate, . slImes.
Mich. (4~ Ammonia leach- }T bl t'l dmg. a e- al san s _

Harmony, Idaho_ Second stage is final __ ---- 1 1 _

Verde Central, Ariz.,
May and June 1930.

Matahambre,Cuba __ I Flotation cleaning, 2
stages.

j
secondary cleaner _

Engels, CaliL 1

Scavenger cells _

Magma, Ariz Flotation cleaner Rougher middling__ / 2.0-3.0 , 1 _

United Verde, Ariz___ (49) __ _ _ (49) _

{

Flotation, (1) slime Cleaner tailing__
Nacozari, Mexico, section roughers.

last half 1929. (2) Sand sec t ion Primary rougher 1

cleaners, 2 stages. concentrate. }- --- -------1---- ----. - - --

Copper Queen, Ariz __ (51) (51) _



o
~
t:1

~
U2
U2

~
~

First stage tail"ng
:m-

{Differential flotation,
. 1

Miami. Ariz __________ }Bulk concentrate re- } { 3.6 +48 } 11. 82 to3 stages of roughing grind mills. 14.511 45.8 -200 34.127 :rs; ------- 60.4-L _________ {78.88, gros
and 1 of cleaning. tV-

88.76.1 9

adr· 0

-

26

.

0

I rHO 1-------
B r ita n n i a, British {Bulk concentrate,

} 10.0-11.0

(rough- (to
Columbia, July }Differential flotation, scavenger cleaner { 3.0 +100 } 8.74

in g ); 30.9-L ________ {89.36.
2 stages of cleaning. 76.0 -200 2 7 . 73 -------- . ~:~~;

19 90.71.
1931. concentrate. (fin a 1

cleaning).
Utah Copper, Utah, Secondary flotation Primary cleaner con- ------------ 31. 8 ------------ To head of primary 36.805-1 _______ 89.37 (tota

Magna, April 1930. cleaning. centrate. cleaners. copper).

{Tailing from ter- }-----------
rO-2.0 to Final:

Old Dominion, Ariz-_ Scavenger flotation ___ tiary cells. -------- -------- ------ -- regrind- 19 0.203 (1929) ___ -------- 8.10-1 (1929) ___ 19 93.84.
ingmill. 19 .190 (l930) _____ -------- 12.36-1 (1930) __ 19 93.33.

Nevada Oonsolidated }Flotation concentrate Primary rougher }----------- f9 19.248_ -- }To head of primary }-------(Hayden), Ariz., 20 18.61-1 ________ 87.06.
1928. cleaning. concentrate. -------- -------- 2 20.246 ____ roughers.

f"irst 2 cells final; rOin rougher con-

}-----She r r itt-Gordon, }Flotation cleaning____ {Middling from pri- }----------- next 4 cells to 2d centrates, cells

Manitoba. mary cells 2-13. -------- -- -- -- -- cell or final; last t1-16, and re- 6.5-1 __________ 95.07.
turned to re-10 cells to 2d cell. grind.

New Cornelia, Ariz., (53) ___________________ (53) __________________ (53) (53) (53) (53) _________________ (53)________________ (53) (53) ____________ 75.02.
1928.36

{First stage to scav-

}-----New Cornelia, Ariz., Two-stage flotation Primary cleaning }----------- {SeCOnd stage final, enger cells; sec- r92.46.
1938. cleaning. middling. -------- ------ -- 31.16. ond stage back - ----------- - - -- 1993.40.

to first stage.
Scavenging __________ First-stage middling_ {TO head of two- }Final______________ 34.84-1 ________ {Silver, 84.55-- - - - ------ -------- - --- -- ---------- -------- -------- stage cleaning. -------- ~ gold, 80.34

_2 Total copper.
{9 Sulfide copper.
.36 Capacity.
47 Percent recovery of copper in flotation feed.
48 Percent recovery of copper in leaching-plant feed.

49 See (4) first stage.
50 Returned to drag classifiers.
51 See first stage, which is final.
52 1 stage on primary rougher concentrate and 2 stages on secondary rougher concentrate.
53 Leaching and precipitation by electrolysis.

~
~
I---l



TABLE 59.-Data on copper-ore concentrators-Continued

7. DEWATERING, FILTERING, TAILING DISPOSAL

t
~

Concentrates Tailings

Mine
Source

Mois
ture, per

cent Method

Dewatering

Moisture in product,
percent

Filtering

Method
Moisture
in cake,
percent

Method of disposal

~
trJ
H
>t-t
~
;j
;j
Q

~o
H
I-l

o
trj

Pumped to lake.
Laundered to tailing dam; water

pumped back to mill tanks.

Do.

Thickened and run through
wood-stave gravity pipeline to
pond.

}Laundered ~ mile to pond.

}
Thickened and laundered to

tailing dam.

10
10

6.5

11.33

7.0

14.0
9.8

12-14

Drum filters -------1------------1Drag classifier, over
size to filters, under
size to thiekeners.

{

Coarse concentrate to Drained in Blaisdall
Drag classifier .tanks for draInage. tanks.

--.------ FIne concentrate to Drum filter _
thickener.

2 drag classifiers and 6-7 None }Dewatered in thickeners and
1 vacuum classifier. water reclaimed; then laun-

3 series thickeners, . __ Drum filters__________ dered to tailing dam.
water reclaimed.

Thickener followed by 30-50__________________ Disk filter __ 11.0 Thickened to 35 percent solids,
rectangular tank. laundered 2 miles; overflow

reclaimed.
Thickened; pulp to bowl classi

fier; sands to mine for filling,
overflow returned to plant by
launder.

Flumed 4,600 feet to rake classi-
fiers; slime overflow to thick
ener. Thickener underflow
flumed 4 miles. Overflow to
creek.

30

37.5 I Thickening 1 -25 I do J 10.0-11. 0

50-60 I ¥~~<£e~oe~~~~~-_~~===== I E~r_~c_t_ ~~ _~~~~r_-_~~=== == I_~~~~_ ~~~~~ ~====== == ==I

Engels, CaliL 1 First cell of primary
unit and finisher
concentrate.

{

Table concentrate . _
Morenci, Ariz 1

Flotation concentrate _

Verde Central, Ariz____ Cleaner concentrate __ -' 70

Matahambre, Cuba I do 1

{

Sand concentrate _
Nacozari, Mexico 1 Slime section concen

trate.

Copper Queen, Ariz I Combined concentrates_. _

Calumet & Hecla con-I{PiCked, jig, and table ---------- Drainage in bins 17.0.

g:o:erate, M lch. Fl~~~~~;rates~ ;.... Th!ckeners~... .. .. . I Drum filters _
Ca a ea, MexlCo__ CombIned prImary 82-85 ThIckeners, overflow 30.0 do _

and recleaner con- to head of mill.
centrates.

Magma, Ariz 1 Tables and flotation ---------- 2stages agitator-thick-13O-35 6. 1 Filter plant at smelter_I 1
eners. 54

United Verde, Ariz___ __ Flotation______ ____ 60-65 2-stage thickening_____ 25-30__________________ Leaf filters _



Thickened in traction thick
eners discharging pulp at 45
percent solids. Water returned
to mill.

-8.0

7.54-drum; 2-disk. _Thickeners -1-· - - -- - - -- ------------ --I

8.0

10. 6 Laundered and piped to tide-
water.

Dorr tanks 40± Disk filters____________ 9.924 Run by gravity to pond of 10,
square miles area.

Spiral classifier 30 (sand) drains to 7.5 ------------------------ ------------ }Rake classifiers at dam. Sands:
percent. used to build damThickener 88 (overflow), 40 Drum filters__________ 16.23 .

Cone tank; underflow -10 }Underflow from first -12. Q Laundered to 1,000-acre pond
to drain bins. Dorr tank to drum held by dikes on 3 sides.

Overflow to Dorrtanks 70-80__________________ filters.
in series. I

Genter thickener__ ____ 40_ __ __ Leaf filter _

M~ami, ~riz __ .__. -- I D~f:~~~;~al flotation 1----------I-----dO- - - - 1 40-50 1 do_ - - - -- ----------1

BrItannIa, BrItIsh Co- do do_ _____ __ Leaf filters _
lumbia.

Utah Copper, Utah, Secondary cleaners____ 75
Magna (April 1930).

Old Dominion ArI'z {First two flotation {- -- - - - - --
, - - - - stages. 88

Nevada Consolidated } { 80-85
(HaYden), Ariz. Cleaner cells__________ 90-93

Sherritt-Gordon, Mani- Final coneentrate _
toba.·

New Cornelia, Ariz., do -- 1

1938.

8. OPERATING COSTS PER TON OF ORE MILLED

Operating costs per ton

Ore
Mine and year treated Grind- Dewa- Power Supplies Otherper day, Crush- ing, Coneen- tering Disposal and suppliestons screen- of tail- Other Total Labor Totaling ing, clas- trating and fil- ing water Crush- Grind- Re- and

sifying tering supply ing ing agents general

------------------------------------------------------

C~l~h~: 1~9_~~~1_~__~~~_~l~~~~~_t~~ _ } $0.081{
56 $0.072

}_._-----2,900 115 $0.192 57 .039 $0.017 $0.031 $0.533 --------- --- ------ --- ------ --------- --------- --------- --------
58 .101

-----
.212

Ha.rmony, Idaho, 4 months, 1929____ 200 .074 .336 .085 $0.057 .010 .089 .651 $0.243 $0.120 $0.020 $0.176 $0.017 $0.075 $0.65]
Cananea, Mexico, 6 months, 1929____ 2,400 .037 .191 .131 .015 .008 .235 .617 .119 .203 .005 .077 .055 .158 .61'4
Magma, Ariz., 6 months, 1929_______ 650 .081 .297 .202 .005 .014 .335 .934 .257 .194 .014 .171 .062 .236 . 93~
United Verde, Ariz., Sept. 1929______ 1,532 .203 .187 .181 .034 .004 .127 .736 .180 .151 --------- .065 .115 .022 . 53~

50. 2m
---

.73t
~

o
~
t:IJ

~
~
t:IJ
U2
U2
H

Zo

II. Agitation and high moisture required for pumping to filter plant.
1111 Stamping.
66 Gravity concentration.

57 Flotation.
58 Leaching.
110 Crushing-labor, power, and supplies. ~

~
CN



TABLE 59.-Data on copper-ore concentrators-Continued

8. OPERATING COSTS PER TON OF ORE MILLED-continued

~
~
~

Operating costs per ton

Grind-

ing, I Concen-C~ush- screen- trating
mg ing, clas-

sifying
---------------1----- --1------------[--

Nacozari, Mexico, 1928-29 60 60 2, ,516
Copper Queen, Ariz., 1929___________ 4.281
Morenci, Ariz.:

1929___ 4,739
April 1930 _______________________ 5, 106

Verde Central, Ariz., June 1, 1929 to
Aug. 1, 1930_______________________ 350±

Matahambre, Cuba, 1930____________ 1,300
Engels, Calif., 1929__________________ 1,091
l\tliami, Ariz., 1930___________________ 17,141
Britannia, British Columbia, July

1931 ._. ________________ A,4Rfl
Utah Copper, Utah, 29 days in 1929

(both plants) 48,500
Old Dominion, Ariz., 1929_____ ____ 1,33R
Nevada Consolidated (Hayden),

Ariz.,1928_ __ _ 8,838
Sherritt - Gordon, Manitoba, 8

months, 193L 838

New Cornelia, Ariz., leaching, 1928 29,300±

New Cornelia, Ariz., flotation, 1
month, 1938 ----------- I 13, 723

Dewa- i Disposal
tering I of tail- Other
~~I~~li~i- ling

~
trj
H
>
t"f

~
~
~
Q

t-d

~o
H
H
o
trj

.308

.177

.302

.699

.399

.017

.092 I .652

.020 .297

.024

.032

.145

.075

.023 I 1. 257

.046

.051

.033

.040

.017

.035

.OA9

. 029

.021

.030

.OA:1

.121

.124
62.078

.040

.021

.013

61.141
61.123

$0.024
.015

.158 I .031

.077

.104

.317 I .161

.02,)

.207

.179

.110

.202

.087 1 -' 61.116 , _

$0.138
.121

.105

.088

.177

.181

.584

.214

.082

.069

.082

.220

$0.137
.155

}.... 124.1. __ . ~1~~.1_._. ~~~~.I ...'210I. __.~126.1. ~ ~~4 .1 .. _. ~~~~

.177

.302

.699

.399

. 57!)

.519

1.2GO
.747
.652
.297

.308

.824
1. 194
65.068

$0.513
.493

I Power I Supplies I' Other '

Total I Labor II (~lldr :----[.' '.' supplies I Total
wate I Crush- I (i-rind- He- and

_____I supply 1~1_~in~... ~I(enl'-I-:eneral _
I

$0. 10.5, $0.Ofi71 $0.042 $0.513
. 085 I • 042 . 075 . 493

.054 .579
_________ ,_______ _ .036 .519

.020

.210

.190

.132

.070

.053

.085

.035

.155

.052

$0.079
.124

.080

.019

.058

.012

.012 I .193

.011 .170

.013

.014

.025

. 014

.014

64.045

.050

.033

.033

.OOA

.009 I .040

.009

.005

.042

.017

.05A

63.434

$0. 017 I $0. 028
.022

.048

$0.105
.094

.115

.106

.190

.154

.093

.077

.028

.091

.140

.094

.274

58 .357

.370

.279

.285

.091

.092

.187

.078

.046

.098

.352

None

$0.223
.194

.150

.125

.0.54

.065

.150

.1l1

.108

.148

.088

$0.061
.059

.109

.107

.380

.130

.113

.058

Ore
treated
per (lay,

tons

Mine and year

58 Leaching.
60 Costs for 1928-29 tonnage for last half 1929.
61 Total supplies.
62 All supplies except reagents.

63 Electrolytic expense.
64 Cmnent copper expense.
66 Per pound of copper.
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LEAD AND ZINC ORES

Minerals of lead and zinc commonly are rather closely associated
in nature; zinc-free lead ores and lead-free zinc ores are exceptional
rather than common, although there are such.

Lead and zinc ores usually contain some silver, but those of the
Mississippi Valley region are silver-free. Indeed, lead-zinc ores
often are commercially valuable chiefly because of their silver (and
sometimes gold) content. The silver and gold usually are intimately
associated with the base metal minerals, are recovered with them in
the smelter, and are finally separated in the refinery.

Because of this close association of zinc and lead ores, it is necessary
to consider them together in discussing their concentration.

An earlier summary of practices and costs of concentrating lead
and zinc ores was published by the Bureau of Mines in 1935.93 Most
of the data in the present bulletin were abstracted from the earlier
publication.

The development of differential or selective flotation has had an
important influence upon the economics of lead and zinc mining and
milling. Higller recoveries and better separation of the lead and zinc
minerals into different concentrate products than was possible by
gravity concentration has made it profitable to mine and treat many
ores that formerly could not be worked profitably. Zinc concentrates
with a high pyrite content produced by gravity methods sometimes
required flash roasting and magnetic separation of the iron from the
roasted material to produce a zinc COIlcentrate of the required grade.
With flotation, however, it is possible to depress the iron sulfide
and float the zinc sulfides. With straight gravity treatment high
slime losses were often unavoidable, but high recoveries can be made
by flotation.

Gravity concentration still retains a place in the flow sheet of some
mills where it is employed mainly on the coarse product from primary
or secondary crushing before fine grinding, either to recover quickly
coarse ore particles or to make a quick reject of gangue minerals, thus
reducing the amount of material that must pass to expensive fine
grinding.

Screens, classifying cones, or kindred settling devices, jigs, and
shaking tables comprise the essential gravity concentration equip
ment. Tables are used incidentally in many flotation plants to check
the performance of the flotation machines or the fineness of grinding
or for other purposes.

METHODS OF TREATMENT

Because of the wide variations in tenor or ore, nature of ore and
associated gangue minerals, fineness and distribution of ore particles
in ores from different localities there is no standard method of treat
ment, and flow sheets must be worked out for each particular ore.

93 Jackson, Ohas. F., Knaebel, John B., and Wright, C. A., Lead and Zinc Mining and Milling in the
United States; Ourrent Practices and Oosts: Bureau of Mines Bull. 381, 1930, pp. 146-194.
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However, for the purpose of the present discussion, methods of
treatment may be classified roughly as follows:

Gravity methods:
1. Jigging:

(a) Concentration of sized material.
(b) Concentration by roughing and cleaning.

2. Table concentration:
(a) Concentration of different classifier sand products on separate

tables.
(b) Concentration by roughing and retreatment of concentrate and

middling products.
3. Flotation:

(a) Following gravity concentration; flotation of primary slimes, of
screen undersize from sizing ahead of gravity concentration, or of
reground middlings or tailings from gravity concentration.

(b) Straight bulk flotation producing a combined lead-zinc concentrate
(when either lead or zinc occurs in very small proportion to the
other) .

(c) Differential or selective flotation by which the ground mill feed is
first treated in a lead circuit by roughing and cleaning in one or
more stages and producing finished lead concentrate, followed by
reconditioning and flotation of the lead-circuit tailing to recover
the zinc in one or more stages of roughing and cleaning, the zinc
circuit tailing being final tailing.

(d) Flotation of oxidized lead and zinc minerals by the use of special
reagents for sulphidizing or otherwise conditioning the pulp and
for stage-addition in the process, usually involving a high reagent
cost. (See Chief Consolidated, table 60.)

Various combinations of these methods of concentration are em
ployed to suit different ores.

Figure 155 is the flow sheet of a concentrator employing gravity
methods followed by flotation (typical of practice in the Tri-State
district). Figure 156 is the flow sheet of a simple selective flotation
plant in which lead and zinc concentrates are each cleaned once and
the middling products are returned to the heads of their respective
circuits for retreatment.

Table 60 presents data on a number of typical lead and zinc ore
concentrators and summarizes the methods employed, metallurgical
results obtained, and the operating costs.
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200-ton hopper

6- ft. a-disk American fi1JN

@
20-in. elevator

20 - in. elevatm

50-ft. Butchart thickener

18- in. elevator

20 in. belt drag/; 4'x 8'x 2· mm trommel 8CTfAm

, /

FIGURE 155.-Flow sheet of vVhite Bird concentrator, Oklahoma; gravity followed by flotation.
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Primary ore Dins
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FIGURE 156.-Flow sheet of Tybo concentrator, Nevada (selective flotation).
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