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THE GEOLOGIC AMD ECONOMIC ASPECTS OF COPPER 

PART I 


INTRODUCTION 



I. INTR0DUCTION 

HISTORIC.AL. 

Many divergent opinions have been expressed 

concerning the possible prdority of the use of copper or iron 

in the early history of mankind. Too often have archaeologists 

based their. conclusion solely upon the relative abundance of 

these meta;ts, which have since been found in ancient ruins, 

especially in graves and tombs. It is true that among such 

remains copper has usually proven to be the more predominant 

metal•. This need not, however, be Doo readily regarded as 

an indication of its earlier use by mankind, as some writers 

have been prone to conclude. The higher corrodibility of 

iron as cora:pared with copper, and p2rticularly with its alloys, 

would tend to ~estroy evidences of that metal within a relativ­

ely short time. Furthermore, it must be remembered that it 

was the custom of early peoples to place in the graves of 

their kindred, articles of intrinsic vnlue, and this practice 

~ould tend to account for the absence of iron in such ruins. 

Excavations of thB Lake Dwellings of Switzerland have revealed 

intermingled remnants of both stone and bronze implements. It 

has been found bowever, that the latter are of such perfection 

as to be attributable only to a later civilization, and thus 

they were probably introduced at a subsequent date. Moreover·, 

http:HISTORIC.AL
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from the standpoint of economic geology and metallurgy it would 

seem that the use of either iron or copper would depend largely 

upon the nature and accessibility of the particular deposits, 

as well as unon the cultural background of the people. Ordinarily, 

·iron can be more readily reduced and worked than copper, while 

the ~reduction of bronze requires considerably more skill, and 

tin, an es sen ti al constituent of the alloy, has n.ever been an 

abundant metal. 

It would seem therefore, that under certain conditions 

iron might feasibly have been the first metal worked and util~ 

ized by mankind, while under other circumstances copper might 

have predated it. \~i th different environments and the varying 

availibility of the metals, either the iron or the copper 

might have been the predecessor in a particular region. 

The assignment of distinctly successive ages to the 

developement of mankind has likewise been somewhat unduly 

emphasized. Hesiod, the Greek poet, writing about 700 B.c., 
outlined in fable the early history of mankind, dividing it 

into separate ages to which he applied the names "Golden age~~ 
. ­

"Silver agen , "Bronze age", and the present "Iron age". 


Such writings have been sometimes .taken too seriously ~nd the 

"' .belief that man became acquainted with the metals in the order 

gold, silver, bronze and finally )iron, has not been uncommon,, 

but this order has been disproven by archaeological research. 

rt would also seem somewhat fallacious to assume in the history 
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of mankind the successive occurrenc.e of a "Stone age", a "Coppep­

age" or an "Iron age" as coincident in time over the surface of 

the earth. Such a succession of ages would imply a uniformly 

similar cultural develo~~ent of all the wid~ly scattered masses 

of mankind. This has not been substantiated by histqry. l{oreover, 

at the present time in parts of Africa and in some Pacific islands 

certain isolated races are to be regarded as little beyond their 

"Stone age" while but a few thousand miles distant are to be found 

highly civilized and cultured races. If, therefore, any definite 

succession of these ages is applicable, it must be applied to dis· 
- ---. ~-

tinct peoples and not to humanity in general. 

In ancient Babylonian ru~s, the reco~ds of which date back 

to 5000 B.C., copper has been found along with gold ornaments and 

stone tools. Concerning a contemporaneous or probably later race, 

James H.Breasted in his book ".AHistory of Egypt" {1905) writes 

about the '"pre-dynastic Egyptian" race, which had previously been 

invaded by the Semitic race from Asia in an epoch lying far beyond 

our historic hor.izon. He describes their remafns as being decid­

edly indicative Of a knowledge Of the production and use Of 

copper implements, arid suggests their age as being one of slow 

transition from stone to copper. The time of this period is from· 

4500 to 4000 B.C. Here it is to be noted that bronze was not 

found, and, in view of the fact that this alloy is even less 

susceptible to corrosion than is copper, it wouid seem apparent 

that it was then unknown. Even in the third and sixth dynasties, 
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(2980-2475 B.C), Breasted states that bronze was not used. It is 

probable, however, that by the end of the year 2300 this alloy had 

come in to use, likely havfng orig inat ed with. the semitic race in 

ancient Babylonia. It was introduced into Egypt about· 2000 B.c •. 

The most ancient mines known are the Egyptian copper mines 

~n the Valley Wadi Meghara, in the Sinai peninsula. Their begin­

ning was probably before 5000 B.c. and they seem to have become 

exhausted about 1300 B.C. From about 1600 to 1400 B.c. copper 

mines were also worked on Mt.Sinai, the ores being mostly oxidized 

and therefore easily worked. The Phoenicians were the greatest/ 

commercial people and the most skilled metallurgists of the anciett 

world. Those of Sidon founded a colony 	on the.island of Cyprus 

about 1300 B.C. and there they extensively mined and smelted 

copper ores. They were also skilled . in the _making and casting 

of bronzes, most of which alloy having about 90 percent copper 

and 10 percent tin, was characterized by 	its great toughness and 

the 


strength. As indicat·ed_ in the legends of Iliad and the· Odyssey · · 

of Homer ( 900 B.C.) the Greeks even in prehistoric times were 

familiar with copper, but bronze was unknown. The latter was 

introduced by the Phoenicians at a somewhat later date. Since 

ores with intimately mixed minerals-·of copper and zinc occur on 

Cyprus and other islands al~ng the coast 	of Asia Minor, it seems 

probable that the Greeks were early familiar with zinc in the 

·form of an alloy with copper, i.e. brass. 

At the time of the supremacy of Rome in the civilized 

world, the use of metals for armour, tools, implements, r.ioney, 
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and ·ror certain structural purposes, had heoome widespread. 

Spain was the most prominent mineral producing province, and 

in Huelva gr3at copper mines, previously worked by the Phoen­

icians, were later operated by their Roman successors over a 

period of 400 years, until about 412 A.D. The slag dumps 

of this time contained about 18,000,000 tons. The largest 

operations we.re at Rio Tinto and Tharsis from which fields 

it has been estimated that the average annual production by 

the Romans amounted to 2400 t.ons. From the.se primitive 

beginnings modern mining and metallurgical practices have 

gradua.lly attained their present status. Discovery of the 

alloying qualities of copper and of the many technical app­

lications of the metal have greatly increased its commercial 

importance • The introduction of electricity alone has 

. 	 provided a very great impetus ~o the development of the copper 

industry. Increasingly large quantities of copper of an 

improved quality are oontinua.lly being produced, with the 

result· that the output of the last two decades was considerably 

greater than all previous production of the metal. 

DESCRIPTIVE. 

According to Pliny, the Roman historian, much 

of the Roman supply of copper came from Cyprus and then became known 

·as "Aes Cyprium" ( Cyprium copper)._ This name was gradually 

shortened to "Cyprium" and later corrupted to "Cupriu.m", whence, 

has been derived the English term "Copper", ~he French "Cuivre" 

and the German "Kupfer". 
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The Metal: Copper is a brilliant metal of a peculiar red color 

whiGh· assumes a pinkish or yellowish tinee on a 

freshly fractured surface of the pure 	metal. rt takes a brilliant 

polish, is highiy malleable and ductile, and· in tenacity second 

only to iron. As an electical conductor copper stands next to 

silver, of which the conducting power 	 is set at 100, while that 

0 · 1.


of perfectly pure copper is 96.4 at 13 c. Another feature of 

copper which is of commercial significance i·s ~ts resistance upon 

exposure; in dry air it is unaffected,· while in moist atmosphere 

containing carbon dioxide it becomes coated with a green basic 

carbonate. 

Ore Minerals: "Copper ore" may be defined as an accumulation of 

metalliferous minerals in vhich the copper content 

is of· sufficient economic value and in such quantity as to render 

extraction profitable under the prevailing conditions. The term 

" ore mineral of copper " a:pplie s to any mineral carrying that 

valuable metal. Copper-bearing minerals are numerous and widely 

. though irregularly distributed. Moreover, copper frequently 

occurs with many different metals under varied conditions.· There 

are, however, but relatively few ore minerals of commercial import­

ance, while the number of. copper producing districts is likewise 

comparatively small. 

l. Encyclopaedia Br.i.tann.±ca,~ Vol.Vll. (1910-11). 
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The ore minerals of copper, together with their 
1. 

theoretic composition and percentage of copper, are as followsj. 

T.ABLE I 

Ore Mineral Com:p os it ion Per 
Cent Copper. 

Chalcopyrite CuFeS2 34.5 

Chalcocite Cu2S 79.8 

Bornite Cu5FeS4 63.3 

Enargite 3Cu2s·· 2.As2S3 48 

covellite CuS. 66.5 

Tetrahedrite Cu9Sb2S7 52.06 

Tennantite Cu9As2S7 57. 

Native Copper cu 100 •. 

.Azurite 2 CuC03 Cu(OH)2 55.10 

Malachite CuC03. Cu(OH)2 57.27 

Chrysocolla CuSi03. 2H20 36.06 

Cupri te Cu20 as.a 
Melaconite CuO 79.84 

Brochantite CuS04• 2>Cu(OH)2 62.42 

Atacamite Cu(OH)Cl. Cu{OH)2 59.45 

Chalcanthite CuS04. 5H20 25.4 

It must be pointed out here that very few ores are · 

pure enough to contain or even approach the theo~etical copper 

content given above. For-example, the famous Butte,Montana. 

1. Ries, H: "Economic Geolo~y" (1925) 568e p. • 
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deposits may be cite~. There the important copper. minerais are 

chalcocite, enargite and bornite, but. in the year 1923 the ore 

actu~lly mined averaged only 2.12 perc.ent metallic copper. In 

fact most of the ores now mined are of low grade, but with 

increased plant capacities, improved concentration .and metallur­

gical practices, the profitable treatment of lower grade ore 

is possible. 

Based on the estimated percentages of the world•s 

cop~er output of 840,000 tons in 1909~ the most important ore 

minerals are as f~llows: 1 • 

Ore 1aneral s : 

~ative Copper 

Carbonate-o.xide minerals 

Enargite 

Tetrahedrite and other 
sul:pho-salts. 

Chalcopyrite,Bornite,Chalco~ite 

~er cent of Total 

about 12% 

about 15-20%. 

about 5% 

about 1-2% 

about 60-65%. 
I 

i 

The importance of chaloopyrite, bornite and 

chalcocite can readily be seen. Furthermore, approximately 

one-half of the copper produced comes from chalcopyrite and 

cupriferous pyrite. The.latter mineral together with pyrrhot~te, 

(Fe11S12) accounts for a.very large proportion of the world's 

1. Beyschlag-Vogt-Krusch: Ore Deposits (1916) p.872. 
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copper. These minerals contain the copper either as a mechanical 

intermixture of chalcopyrite or as a solid solution. Copper is 

often obtained ~rom these ·ores as a by-product in the manufacture 

Brief descriptions of the more important ores of 
1. 

copper follow: 

Chalcopyrite or Copper Pyrites (CuFes2 ) is undoubtedly the most 

important primary ore of copper and may be regarded-as 

the ultimate source of many o~ the other copper-bearing 

minerals derived.from it by oxidation and subsequent 

reduction. It is very common in primary metalliferous 

veins of igneous origin. The mineral has a deep yellow 
~f ~ 

color and is relatively soft. 

Chalc?cite. 0~_9opper Glance (Cu2S) is a common mineral in the 

enriched parts·or veins and is of a lead gray color. 

Covellite (CuS) is a pecul~ar mineral of indig6-blue color and 

is usually found as an encrustation in the zone of 

secondary enrichment. 

2. 
Bornite, or Peacock Copper ( 3Cu2s.Fe2S3) is~ as the formula 

indicates, a double sulphide of copper and iron. usually 

it occurs in the massive form and p·ossesses a peculiar 

purple or brownish lustre. It is also a mineral of the 

zone of secondary enrichment. 

1. Rastall: The Geology of the Metalliferous Deposits (1923) 
2. Ries gives bornite the following formula: Cu5Fes4. 

~ 
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Tetrahedrite, 	or Grey Copper Ore ( Cu9Sb2S~, is a typical member 

of a large group of sulphantimonides and sulphan­

senide s, and very characteristic of the zone of 

secondary sulphide enrichment. 

Enargite (3Cu2S. 2As2S3) is a sulpharsenide of copper, which.in 

some localit{es appears to be a primary ore. It 

often contains some antimony replacing arsenic. 

Cuprite (Cu20) is easily distinguished by its submetallio lustre 

and ruby-red color, which sometimes becomes black 

and dull on exposure to. light. 

Malachite (Cuco3 • Cu(OH) 2 ) is a.hydrated copper carbonate commonly 

occurring in botryoidal, stalactitic or reniform 

concretionary masses of a bright green color. It 
_/.

is rarely crysta11·1ne .-

Azurite ( 2Cuco3 • Cu(OH) 2)comrnonly occurs in deep blue monoclinic 

crystals, frequently well developed. 

Atacamite (Cu(OH)Cl. Cu(OH) 2 )is a basic copper chloride which is 

very characteristic of the oxidation zone in 

· regions where the percolating waters contain 

chlorides, as common in the arid regions of Chile. 

The mineral usually occurs. in dark green masses a-nd 

is rarely crystalline. 

http:which.in
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Chrysocolla (CuSi03 • 2H20) is essentially a hydrated copper 

silicate ·of a blue or green color, commonly 

occurring as encrustations in the oxidation zone. 

Native Copper (Cu) is an important source of copper in the 

Lake Superio·r region. 

Gangue Minerals: Ordinarily the cop per minera ls are found in 


association with other minerals of aw orthless 


.nature, to which the term "gangue" has been applied. Of th( 

gangue minerals found in copper deposits, quartz (Si02) is 

most comnon and is usually clear, glassy and finely to coarsely 

·crystalline. Calcite (Caco3 ) and siderite (FeC03) are common 

in some deposits, but in relatively few of the great mines of 

the world. Barite_ (Baso4 ) is exceptional but is abundant at 

Shasta County, Cal., Mt. Slicker, Vancouver Island; Hasaka, Japan 

and at Mt.Lyell,Tasmania. Rhodochrosite (MnC03) and fluorite 

(CaF2 ) sometimes ooour, the latter especially in the tin and 

co:p:per mines of Cornwall,Englan_d, and rarely at :sutte ,Montana __• 
1. 

_Tourmaline, a complex silicate ( ·R9.Al2 (BOH)2(Si05))ia .confined 

to 	tin:~'copper and gold-copper veins. commonly an earthly 

gangue composed of highly altered country rock is found, while 

at times, as in Montana, Japan and Tasmania, alteration has 

produced sericite, a form of musco~ite (H2K.Al3 (Si04 )3 ). 

1. 	R.represents a variable radical which may contain any o,f the 
following elements: _Mg., Fe .• , Ca., Na. ,K. ,or Li.; often Fe. 

It­
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Not infrequently the.presence of such ·gangue minerals 

as quartz may have a favorable .influence in the metallurgy 

involved in the extraction of the metal content. In smelting 

cop~er-bearing iron sulphides into matte by the pyritic process 

it is necessary to add silica in the form of· quartz VJhich is 

then termed.a "flux" and affects an added fluidity of the 

products in the furnace. Ores in which quartz is cm tai ned 

as a gangue mineral may thus be "self-fluxing" thereby reducing 

the metallurgical costs, other things being equal. 

Mineral Impurities: There are in practically all ores certain 

minerals of a deleterious natu~e ,which must 
. ./

be substantially reduced if not completely eliminated in th~ 

metallurgical processes, if the refined metal is to possess the 

most desired physical and chemical qualities. Metallurgists 

particularly those of recent years, have done much creditable 

work in this connection and these impurities have been either 

entirely eliminated or else reduced to an almost negligible 

minimum in the refined products. 

In copper ores probably the most objecti6nable impurity. 

is zinc. Its elimination has been a matter of much conern with 

metallurgists and even until quite recently the presence oft his 

mineral in non-commercial quantities in copper ores, has been 

objectionable to, if not actually penalized by, smelter·.· operat­

ors. Bismuth, though rare, is very undesirable but may now be 
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eliminated by electrolytic refining. ·Arsenic, antir.10ny, tellurium 

and selenium may be partially removed in smelting, but complete 

elimination, essential if the product is to be utilized in elect­

rical work, is accomplished only by electrolytic methods. The 

presence of silver, even in amounts as small as 0.5 percent, lowers 

the electrical conductivity of· the metal, while more than 3% 

adversely affects_ its toughness and malleabili_ty. Up to 0.25% 

sulphur content decreases the malleability of the copper, while 

9·5% renders the metal "cold-short" 1 • With 6.4% or more of 

. phosphorous the copper is made "red~short" 2
: An excess amount 

of silica is .detrimental should it require too much basic flux 

to neutralize it. 

FACTORS I~TVOLVED IN EVALUATING A COPPER DEPOSIT. 


The correct 


appraisement _of a copper deposit involves the consideration of 

many factors which to different persons may present highly 

divergent aspects. The physical evaluation of any deposit 

requires the careful consideration of such matters as the 

general geological features exhibited by the deposit, its strength 

and ·Character of mineralization, the width and persis.tence of any _ 

associated veins, shear zones, fractures or contact zones, together 

with the possible grade, size and continuity of the ore bodies. 

1. "cold-short"- Brittle in i~s cold state~ 
2. "red-short" - Brittle while red hot. 



- 14 ­

While there are many such factors to be considered, the 


following extract from an article appearing in a recent pub­

. 1 • 

. 11cation may· be.quoted: 
"(l) Transportation ·Facilities- In the 

first place, this factor iricludes a consider-· 

ation of the hauling and handling charges; 

secondly, an estimation of the possible size 

of the body or its proximity to a large prop­

erty. In both of these oases, certain facil­

ities may be so improved as to greatly lower 

·the cost of transportation. 

(2) Type of Ore:- This necessitates a consider­

ation of the me-ta ls contained; whether these be 

gold, silver, lead or zino. or ·any special metal, 

or a combination of two or more. 

(3) Grade of the Conqentrate:- This depends on 

the grade of the original mineral and on the 

amou~ts of the precious metals contained. This 

data may only be obtained from mill tests. 

(4) Mill Recoveries, Smelter Rates, and Losses. 

(5) Prices and Markets for the metal produced. 

(6) 	 The Net Cash Value of the concentrates 

produced per ton of ore, after. allowing for m;Ul 

losses, freight and handling costs of the conren­

1. l:IcKechnie ,D.C., i.n "The Canadian Hining and Metallurgical
Bulletin" (Nov.1930) p.1454. 
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trates, and the smelter charges and losses." 

The writer goes on to point out that " this last item is, in fact, 

a combination of all the preceding ones, and on it directly 

depends the profits to be expected from the ore. If one deducts 

tP,e costs of mining, milling; overhead _expenses, and ·freight 

charges between mine and mill, from the net cash valu.e of the 

Qre, at the smelter, one thus obtains the probable profit to" be 

derived from the ore." 

../. 
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II. OCCURRENCE AND GENESIS OF COPPER DEPOSITS 

OCCURRENCE. 

Geologic Distribu~ion: Generally speaking; the workable 

deposits of the world are, with few 

important exceptions, closely related to occurrences of 

igneous rocks, usually intrusive, or to metamorphic deriv-. 

atives of these rocks. While the presence of such metallic · 

deposits usually presupposes some association with igneous 

rocks, the converse does not necessarily hold. Character­

istically, copper deposits cluster about the borders of large 

bodies of granitoid rocks; thus batholithic margins are more 

favorable for copper deposition and concentration than are 

the centres of such bodies. Old and schistose rocks,· as well 

as the recent and recognizably igneous rocks, may be copper­

bearing, as in No;rway. In the crystalline schists, deposits 

are mainly of the Huelva ·(Spain) type. They are often assoc­

iated with igneous rocks. 

There is a world-wide association of copper o~es with 

the Red Beds of Permian and Triassic _ages. These formations 

occurring on every continent, consist of thin but well-defined 
. . 

beds, of which the red rocks are generally most conspicuous, 

·although gray and green sandstone and shales are equally abund­

ant. In these beds the copper ores are usually found in gray · 
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patches. The peculiar nature of the Red Beds is significant 

. in revealing evidences of exceptional conditions of climate 

and sedimentation, continental uplift, igneous activity and 

concentration of the salt water to form gypsum and salt in 

enclosed basins. 

Copper deposits occur in rocks of all ages,·'· a lthai gh 


the deposits themselves are in large part post-cretaceous • 


.	The Algonkian and early Cambrian rocks contain· deposits which 

are associated with more or less schistose volcanics and, in 

a few cases,· with altered bioti te and quartz deposits, as at 

Ducktown,Tenn. The Cambrian and Silurian rocks are known to 

carry copper only as an intruded material. The Devonian and 

Carboniferous rocks contain copper which is, however, of a 

later age. In the Americas there are three great periods which 

stand out: The pre-Cambrian., the Triassic and the Tezrtiary". 

The latter period is most important in these continents, and is 

a period of igneous activity which has continued int"erruptedly 

to the present time. The rocks of.this period carry workable 

ore bodies. 

Geographic Distribution: Geogi;ap.hically, copper m:fnerals are 

widely though irregularly distributed while deposits of econanic 

importance usually occur in well-defined districts of relatively 

limited areal extent; or if in larger areas, the copper i;roduc­

ing mines are commonly grouped in a few localities. In the · 
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Americas, ·which produced in 1930 about71.91%·of the world's 

copper, the larger deposits of this me~al are found distributed 

alqng the mountainous western coasts of both continents, and 

in eastern North America and in Northern Canada. Across.the 

Atlantic, Europe, accounting for 10.58% of the world's output 

in 1930, receives its main copper supply from Spain and 

Portugal, Russia, Germany, Jugo-Slavia and Norway, with 

smaller amounts-from Austria, France and Sweden. To the south, 

Africa is rapidly demonstrating its possibilities as a fU.ture 

source of copper. With the discovery and development of large 

ore bodies of a ~elatively high grade, the central and southern 

parts.of this continent, beginning production only in 1911, 

supplied 10.44% of the world's copper for 1930, and seems 

destined to become one of its leading producers. Asia and 

Aus~ralasia are smaller factors in world copper production 

with Japan accoun.ting for 5.02% of the 1930 world output, other 

parts of Asia 0.74% and Australasia ( including Australia, New 

Zealand,Tasmania and Papua) producing in the same year 0.98%~ 

Types of Deposits: Copper deposits occur in various forms in 

different rocks. Bedded veins ~n.- crystalline 

schists are of world-wide occurrence. Commonly the ore bodies 

are lenticular in shape and frequently overlap. as a result of 

distributed faults displacing a formerly continuous body of 

ore. Such are the d~posits at Mt.Lyell,Tasmania and at 

l •. .Above percentages are based on figures by_the American Bureau 
'l- nf" U.c+ ....... ~+o+.;~+~,,,, .... 
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Bersh 1, Japan. Contact metamorphic deposits are of common 

occurrence and are also likely to be lenticular bodies. The 

majority of workable copper deposits of the world are, however, 

in 	the form of veins, usually cutting ·igneous rocks. They 

commonly occ':ll' in well-defined and limited shoots, or, less 

frequently, as simple and regular vein fillings. Impregna­

tions of the walls by the metal may produce a low grade,qopper­

disseminated contact deposit. Any type of country rock may be 

found but most frequently the profitable copper deposits are 

found in igneous rocks. 

Extreme diversity of occurrence, even when the deposits 

are due to one series of ore dep.ositing factors, is especially 

well shown. at Morenci,Arizona, where Lindgren has distinguished 

the following varieties based upon occurrence and form: 1 • 

"(l) Deposits in limestone and shale, not connected with 

fissure veins.( all carry oxidized ores almost exclusively;.
rarely chalcocite) 

a. 	Irregular bodies near contacts of main 
stocks and dikes. 

b. 	Tabular bodies near contacts of ~ain 
stock or dikes,following stratification. 

c. 	Tabular bodie_s following contacts of 
p_brpriyry ·a·:lke.• 

(~) Fissure veins: 

a. 	Normal veins in porphyry or in any of the 
other rocks near porphyry contacts. The 
pay part includes both the central sharply
defined veins and the surrounding partly 
replaced porphyry, forming together a lode. 
They· carry chalcoci te as the "important ore. 
In the upper levels they sometimes carry 

l.Weed,W.H • .,The Conner ~.,.ines of the \ll!orld" .(1908) 
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oxidized ores also. 

b. 	Normal veins following porphyry dikes in 
granite and carrying chalcocite and 
oxidized copper ores. 

c. 	Normal veins following diabase dikes. 
· These carry chalcocite an~ oxidized 

copper ores •. 

d. 	Stockv1orks. Irregular disseminaticn s in 
phorphyry, quartzite and other rocks. 
These contain chalcocite and oxidized 
copper ores." 

Commonly, in addition to the occurrence of variw.. s types_ of 

ore deposits, there are within a copper ore body, different zones 

resulting from.certain processes operative after the original 

deposition has taken place. All deposits of copper are more or 

less altered upon exposure to the atmosphere. While this ·alter­

a t ion process varies, it usually results in the formation of a 

capping of leached and frequently worthless material resting upon 

a more or less altered and enriched part of the ore body. The 

·term ."go~san~ or ."iron cap" is usually appli~d.. to these residual 

masses capping pyritic deposits when _the oxidation of the ore 

leaves behind a more or less impure brown hematite or -11monite. 

The width of such a body may be greater than that of the original 

ore deposit, provided that lateral ex~ension of the downward 

percolating waters has taken place. The depths vary wi~h the 

particular physical, chemical or mineralogical factors involved. 

Many copper deposits exhibit three zones or belts to which the 

following terminology has been. applied: the zone of weathering,or· 
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surface.zone; the zone of sulphide enrichment~ and the lower 

pyritic zone of lean primary ore. These zones will be discussed 
. . l. 

·in connection with the genesis of copper deposits. 

GENESIS O.F COPPER DEPOSITS. 

The geologic and economic significanc~ 

of the mode of origin of any ore.deposit cannot be over-emphasized. 

In comparatively recent years the study of the genesis of ore 

bodies has done much to promote.a.more reliable appraisement and 

intelligent development of metalliferous deposits in general. 

Increasing appreciation of the significance of such a study has 

undoubtedly a~vanced hand in hand with metallurgical progress ,so 

as to render mining operations distinctly less _haphazard. 

The science of "ore genesis" involves a study of the mode 

of origin of ore minerals, the manner in which they became.concen­

trated and the various agents involved in both their formation 

and concentration. The genesis of ore.bodies, like other scientific 

phenomena, was in its early stages of study regarded largely as a 

matter of chance. As more careful investigation follow.ed and 
an increased

soientif io conclusions were .reached, knowledge of the genesis of 

ores resulted. 

The old view concerning the origin of ore bodie~ was that 

these deposits were produced merely by chance, and that they bore 

1. Postea, pp. 44-53. 

http:follow.ed
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no genetic relationship. t_o the contact rock •. Discovery of such 

bodies could therefore be made only by chance. This early_ 

view gradually became modified as it was next assumed that all 

ore minerals came from the interior of the Earth, and while an 

ore body could only be located by chance its values when found 

should increase with d~pth- Another attitude, apparently quite_ 

inconsistent with the preceding one, maintained that all ores 

were concentrated at, or near to, the Earth's surface, and thus 

th~ values, when discovered would tend to decrease with depth. 

·The modern view concerning the genesis of ores may1 be regarded 

as a different application of parts of the two preceding theories 

and containing in addition other more significant principles of 

ore formation. The present generally accepted opinion is that 

ore deposits are formed by natural processes still operative 

and by agents or forces which are still effective. concentration 

of ore minerals to produce ore deposits may be accomplished by 

either descending or ascending concent·rating processes. FUrther­

more the ore is regarded as being definitely related to the 

country rock in which it is found. By a study of the content 

of the ore, its associated minerals, and _its geologic position, 

one may obtain much valuable information concerning the gene_sis 

of the deposit. Fr9m this study, the probable nature of the ore 

below, its possible variation in value, and its estimated depths, 

.may be anticipated with a reasonable degree of acauraay, other 

things being equal. 
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In the general classification of ore deposits there 

may be distinguished two main types: those of primary , and 

others of secondary origin. Primary deposits are those which 

have originated in the position in which found, while second­

ary deposits on the other hand, have actually been changed 
I 

from their original position.. The former group of deposits 

may with respect to the origin of the enclosing rock, be of 

either contemporaneous or subsequent genesis, and accordingly 

the terms "syngenetio" and "epigenetic" deposits have been 

respectively applied. Syngenetic deposits are those. formed 
rock . 

at the same time· as the enclosing and. by the same geologic 

process or processes. In ·this class are to be found those 

deposits known as "magmatic segregations" as well as those 

termed "sedimentary ore beds""· The second sub-group , 

ealled "epigenetic deposits~ includes those ore bodies which 

have been formed after the enclos'ing ·rock, and which are 

thus younger than the country rock in which they are contained. 

This class includes such important deposits as: 

1. Fissure ve·1ns; whioh are fillings in fia,sures. 

2. Cavity Fillings, including any type of cavity fills. 

3. Replacements produced by chemical substitution. 

4. 	Con tact-metamorphic depos 1ts~- along 1 gne ous 
· rock contacts. 

5. Impregnations or mineral dissemin.ati ons. 

The secondary group of ore deposits may be formed by two 

:processes: they may be··chemically transported and concentrated, 
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thereby producing chemically enriched.ores, or they may, in 

the second case, be mechanically concentrated to produce placers 

and such other mechanically enriched bodies. 

In the genesis of copper deposits, all the above modes 

of origin are not necessarily involved, some rarely being instru­

mental in the formation of commercial bodies of copper, though 

.., possibly more effective in the genesis of so;ne other mineral' 

con cent ration. Detailed study of the copper 'deposits of the 

world seem9to indicate that the original source of copper is the 

hot, potentially molten material of the Earth's interior. The 

"' ch.ief means of its transportation has ~een the uprising magma 

which consolidated near the surface as intrusive igneous rock. 

Sometimes magmatic differentiation has occurred to an extreme 

degree ~nd resulted in the formation of magmatic ore deposits 

of either an acidic .or basic c.haracter. Other metalliferous 

material may have been transported by igneous emanations from 

cooling and· crystalliz.ing magmas to produce ore· de:posi ts of a 

contact metamorphic genesis. .Again, the final phases of igneous 

activity may be that of hydrothermal activity manifested as hot 

springs. The waters of these springs may be magmatic entirely~ 

or they may be admixed with meteoric or surface waters, but in 

either case they form both vein fillings and replacements. The 

deposits formed by the preceding agents are not commonly of 

commercial importance, and are seldom worked for ·their copper 

content. There may be, and frequently is, a concentration of 

.the mineral content of such.bodies howeve~, by a process of 
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leaching and redeposition through the instrumentality of 

. atmospheric or magmatic waters, thereby producing deposits in 

which the metal content is sufficiently concentrated as.to be 

workable. Leaching of igneous rocks, or their sedimentary 

and metamorphic derivatives is a common process in ore concent­
1.

ration. Contact-metamorphic deposi~s and disseminated 

sulphides in igneous rocks or in lean or·e deposits , in veins 

arid masses may become re-concentrated and enriched. Meteoric 

and magmatic waters carryinB a metal~ic material in solution 

may come in contact with such sedimentary rocks as limestone 

and calcareous she.le, to react with them .and deposit ~ny metal 

content and produce thereby a commercial body o~ ore. Regio~al 

metamorphism/may cause ~ segregatiQn of previously disseminated 

mat er ials, anc.. thus form an ore ·body. Practic_ally all the 

workable deposits of copper or·e result from concentrations ·by· 

means of circulating .waters, usually of atmospheric origin, 

which have leached the originally lean ores and redeposited the 

metallic content in a favorable location relatively adjacent. 

Not infrequently repeated co11centrations of th-is nature have been 

indicated. Ore deposition at the present time, may, according 
. 2 
to one authority at least ·be in operation in three different 

ways , name ly : 
1. From volcanic emanations. 
2. From hot-spring.· waters. 
3. From sea water. 

1. Postea pp. 44-53. 
2. -~!eed,W.H.: "The Copper Mines of the World" (1908) 



- 2_6 ­

Copper salts and copper oxide ( Tenonite~ may be in the first 

case, deposited by volcanic vaJ;>Ors and gases in the rifts 

about active volcanoes, but no such bod~es of commercial .value 

have been thus formed. Illustrative of the second mode of 

present day origin, the Boulder Hot Springs in Montana are 

forming copper minerals. Similarly the Boccheggiano vein of 

Tuscany,Italy, fs regarded as the final phase of ore depositing 

hot-springs. In the third place, deposition of the metal in 

organic muds of certain sea lagoons is a matter of scientific 

curiosity only. Thus no contemporaneous deposition of ore of 

industrial importance has been found to definitely establish 

conclusions reached regarding the genetic processes in ore 

formation. 

Copper ore deposits have been formed in many different 

ways and in some instances more than one mode of origin may be 

represented by the deposits o·f one locality. Th~s fact is the ­

cause of considerable difficulty in attempting to differentiate 

between the various occurrences purely on a genetic basis. 

Furthermore, differences of opinion sometimes are found concerning 

the origin of a particular deposit, as for example that of Rio 

Tinto, S:pain. The following grouping Of the various· modes Of 

origin of copper deposits·1s suggested, and will be used in 

this paper: 
l. Magmatic segregations. 
2. Contact-metamorphic deposits. 
3. Deposits from liiydrothermal solutions. 
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a. 	 Hypothermal deposits.
b. 	 Mesothermal deposits. 
c. 	 Epithermal deposits. 

4. Deposits formed by superfioial alteration. 

a. 	 Deposits in the zone of oxidation. 
b. 	 Deposits in the zone of secondary

sulphide enrichment. 

Magmatic Segregations: The slow cooling of an intruded 

magma and consequent crystallization· ­

of the mineral solutions may give rise to a gradual differ­

entiation and conoentration ot the mineral oontent. There 

are varied opinions regarding this process and no definite 

conclusions have as yet been reached. "Differentiation" 

means the separation of a homogeneous rock magma into ohem­

ically unlike portions ( Iddings). For eaoh region, in each 

separate"magma basin" there is. probably one essentially homo­

geneous magma from which, by some process of differentiation, 

the various rook types have been derived. Evidenoes that 

·this phenomenon has actually occurred are revealed by: (1) the 

~consanguinity of different rocks in a given distriot;(2) the 

successive eff'U.sion of unlike lavas from the same vent; (Z) 

different products found in the same intrusive body; and (4) 

by the study of individual flows. 

Aooording to Lindgren some of the earlier attempts to 

account for differentiation may still prove to be of some value. 

They include the applioat ion of "Soret 's principle" which 

states that when two parts of a solution .are at different temp­

eratures there is a tendency toward selective concentration of 
~ 
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certain ingredients in the cooler portion. G.F.Beoker, however, 
--- ·­~ 

showed that such ·diffusion· in a viscous mass would require 

almost unlimited time, while H.Backstrom explained that the 

action could not alter the relative proportions among the 

dissolved constituents., Gravitative adjustment was thought 

by J .Morozewicz and R • .A .Daly , to be a considerable factor 
_./ in magmatic differentiation • It was G.F.Becker ·who first 

advanced the view that fractional crystallization was an 

important factor and regarded differentiation as a consquence 

of the general cooling process. This view has been well-

developed by N.L.Bowen and his theory of different.iation by 
. 1. 

crystallization is now accepted by many petrographers. 

While copper sulphides, particularly chalcopyrite, may 

crystallize from a magm~ under such coniitions, there are but 

few cases known where copper ores have had this.type of origin. 

Furthermore, there is conside~able difficulty in such cases 

in ascertaining with any degree of .. certainty, whether such 

ore bodies originated in this manner, i.e.,whether the .copper 
1 

sulphides have crystallized from fUsion, or have been deposited 

from solut1on. Certain criteria which may be employed in this 

connection, should conditions permit·and provided metamorphism 

has not obscured the original characters of the ore body, have 

been sugg~sted by Ries2 as foll-ows: (1) primary intergr·owths 

of sulphide's and silicates,. (2) inclusions o_f sulphides in 

1. Lindgren, Waldemar: "Uineral -Deposits" (192_8) p.125. 
2. Ries ,Heinrich: "Economic Geology" (1925) p .799. 
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silicates), (3). Gorros.ion of silicates by sulphides, if the 

latter crystallized later, and (4) absence of hydrothermal 

effects. Copper ores of this geneti~ class fall into 

two groups: (1) those representing crystallization from 

the magma with sulphides closely associated with the sili­

cates- though their contemporaneous formation is often a 

matter of dispute, and (2) those bodies of comparatively 

:pure. sulphides which some authorities believe to be in·jeotions. 

It has been shown that sulphide minerals may undoubt­

edly crystallize from a magma and that they are as essentially 

magmatic as are the silicates. The number of minerals which 

·may thus originate however, is compar~tively limited but 

includes among other~ pyrrhotite, pyrite and chalcopyrite. 

The mode of origin of magmatic deposits _has been much studied 

and discussed but as yet no general agreement seems to have 

materialized. It is generally conceded that the Sudbury,Ont., 

nickel deposits may have had this type of_genesis. somewhat 

similar dep osi ~s occur at Insigwa a~d at Ookiep · • Namaqualand, 

both in Cape C~lony,Africa. The disseminated bornite and 

chalcocite depo~its in Nori te , at the .Engels Mine, Plumas 

County ,Cal., is also believed due to magmatic processes.• 
' 

The Sudbury deposits lie in an undulating rocky plain 

"~"'here an immense laccolithic sheet of synclinal form encloses 

tuffs and ordinary sediments within a natural basin. The 

country rock is a basic norite on the outer border and grades 



- 30 ­

inward to mi'cropegmat i te and then granite. The ore bodies 

occur on the outer margin of the norite of which the more 

or less continuous outcrop enclos~s an oval-shaped basin of 

'about 35 miles by 8 miles. The deposits are of two types. 

The first, or marginal deposit, consists of irregular stock­

like·shapes, often having a distinct footwall, while on the · 

opposite side the ore fades gradually into the contact rock. 

The second type is of cylindrical or chimney-like form in 

the offshoots from the main igneous mass. The ore mineral 

-is of chalcopyri te associated wi-th nickeliferous pyrrhoti te. 

and in general the metal content consists of two parts o.f 

nickel to one of copper, with an.average of 3 to 4 percent, 

.of the combined meta;ts~ ~· ···The genesis of this :particular 

deposit has been under discussion for over 35 years, and 

probably may continue to cl~im the.attention of geologists 

for some time to come. The genePal opinion at present 

seems to be, however, that the genesis·is a r~sult of ... . 

m~gmatio differentiation, w~th a minor reconcentration by 

magmatic waters especially when ?reociation or fissuring 

has pr~vided channels for the circulating solutions. 

CONT.ACT-METAMORPHIC DEPOSIT: · The class of ore bodies known 

as "contact metamorphic deposits" 

includes those bodies formed under the .influence of contact-

metamorphism near or along the boundaries between plutonic 

l. Ries, Heinrich: "Economic· Geology" (l925) p.799 •. 
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eruptive masses and other rocks. The intruded magmas are 

usually surrounded by an area of changed rock· exhibiting 

gradually fading metamorphic effects, sometimes over a vJidth 

of even one or two miles, but usually of considerably narrow~r 

extent. Ordinarily the immediate contact is sharply defined 

with no evidence of melting. Present day petrographers 

{ as Alfred Harker, and A.Lacroix) seem inclined to favor the 

view that water and other gases containing co2 ; H2s; S; Cl: 

B,and F; must emanate .from the magmatic body into the surround­

ing rocks while these are still heated by the intrusion. The 

escape of these gases may not.have been uniform and according 

to Harker a large portion was.doubtless given off while the 

magma was still fluid, more may have been liberated at the 

time of consolidation, still another amount may have iss~ed 
. the

from relatively cooled body, and finally fissuring may then 

have rcrmitt.ed the escape of gases from the still fluid magma 
/ 

within. These magmatic solutions and vapors enter the 

adjacent rocks and ~reduce a series.of changes. The u~timate 

character of the rock depends upon t~e composition and temp­

erature of these solutions, together with·the particular type 

of country rock affected. 

Rarely are ore deposits of this type found,in argill­

ace ous shales, sandstones or quartzite, but ·the more permeable 

. limestones, dolomites and calcareous shales seem to be most 

http:series.of
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·receptive to these mineralizing solutions and also appreciably 

facilitate their action by a characteristic fissuring and 

crushing al~ng the contact. i.1~'hen the solutions are sufficiently 

concentrated and contain much silica, sulphur, iron and other 

metallic.substances, the replacement of carbon dioxide of the 

contact rocks will proceed rap idly so that the calcareous rock ... 

may thus be converted to a mass of ore and gangue minerals. 

In places whole beds of pure limestone or dolomite may be 

changed to garnet, diopside, and other silicates, as well as 

to recrystallized calcite together with magnetite, specularite 

and simple metallic sulphides. Characteristic of such deposits 

are to be found ore minerals of simple composition such as pyrite, 

chalcopyrite, bo·rnite_, pyrrhotite,. zinc blende, molybdenite-.-; 

arseno:pyrite, and ga1ena. The oxides are represented. by s~ch 

minerals as: magnetite, ilmenite, hematite, quartz, corundum 

ana various spinels. Silicates, especially those conta~ning 

lime, magnesia and iron, are ~bundant and include garnet, epidote, 

zoisite,.diopside, vesuvianite, anorthite, wollastonite and 

others •. On the whole, ·iron and copper deposits are of most 

freq~ent occurrence in such bodies while zinc, lead, gold, silver 

and tin are much less abundant. 

Some of the most important copper deposits of the world. 

belong to this class which is part~cularly important in the 

United States. The ores of some of these deposits are, however 1 
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not entirely of this brigin,·but includ~ others of close 

genetic relationship. Contact-metamorphic deposits ·carrying 

chalcopyrite as the predominant mineral are not abundant in 

Europe or south America but are most common in North America, 

particularly in New Mexico, .Arizona and Mexico. Such deposits 

have also been found in .Australia,· Japan and in Korea. .As a 

ru.le these deposits occur at the contacts· of small intrusive 

masses against limestone and they are often of irregula:r or 

tabular form. The ore is usually massive and coarsely gran­

ular while the ore minerals commonly consist of chalcopyrite, 

bornite, pyrite~ and less frequently pyrrhotite and zinc blende. 

Enrichment often results from the oxidation of the copper, as 
:r 1.at Ely,Nevada. but .in many cases the primary ore is of 

sufficient richness as to be.workable. Outstanding deposits 

of this class include those of the San Pedro J{ine, New Mexico; 

those of the Clifton,Bisbee and Silver Bell districts in 

.Arizona, and those of Cananea, Uexioo, and of Bi'ngham,Utah. 

The San Pedro Mine in New Mexico is in a deposit 

produced by the metamorphic effects of a granodiorite porphyry 

laccolith intruded into limestone beds of a thickness of 700 

feet, the lower 200 feet of which has been but partially metam­

orphosed. A purer limestone bed of about 50 feet in thickness 

has undergone strong metamorphism and garnetization over an 

extent of' a halfmile. . .At this horizon occur irregularly dis~·~ 

l. Postea, PP• 44-53. 

"" 



- 34 

tributed bunches of chalcopyrite, and the beds have been 

followed for a distance of 300 feet. This looal~ty is the 

most important of fourteen such districts found in the state 
I 

of New Mexico alone. 

Deposits from Hydrothermal Solutions: The ·ascending thermal· 

waters operative in the 

class of deposits formed by deposition from hydrothermal 

.,. 


solutions are believed to have· or.iginated in a magmatic 


intrusion below, having previously formed a part of that body 

either as a chemical constituent or else locked up within it 

as connate waters. It seems quite possible tha~ the~e 
1.

solutions emanated from the magma while dif:f'erenti.ation and 

cooling were talcing place following the intrusion. The heat 

of the solutions was mainly derived from the intrusive body 

itself. although the possible generation of heat through 

chemical activity after the solution had left the parent mass, 

may have been a contributory, tho~gh probably a less important, 

factor. The temperature of the_ solutions following their 

emission would be expected to approximate that of the intrusive 

body itself. As the solutions worked their way outward from 

the magma, and became gradually cooled, the various minerals would 

be deposited approximately as their crystallization temperatures 

were reached. Rather distinct variations in this order of 

1 • .Ante, p. 
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deposition might however, be expected •a a· result of the 

varying chemical nature of this particular solution of the 

contact rooks, so that only a very approximate order of 

mineral deposition can therefore be assumed._ sufficient in­

formation has nevertheless been obt.ained to distinguish three 

theoretical zones of ore depo~i.tion. These are known as the 

"Hypothermal", the "Mesothermal" and the "Epithermal" zones 
•. + 

and are respectively characterized by intense, moderate, and 

slight conditions of temperature and pressure. The mineral 

content .of the solutions is considered largely of primary 

origin in that it mainly originates in the magma. However, 

under certain conditions minerals may be -taken into- the solution 

as it ascends a fiss'lire or other channel~ while certain sub­

stitutions may also be made. It is obvious, therefore, that_ 

·the dissolved content of.hydrothermal solutions may vary 

greatly from place to place along the passageway• 

. Hypothermal Deposits: -o:e the deposits produoed by ascending 

hydrothermal solutions those formed at 

greater depths under relatively intense conditions 9f temper­

ature and pres s'ltl'e, are here re·ferred to as "hypothermal depositan 
. 

The solutions oonc.erned may be turther differentiated by the 

I· term "hypothermal solutions", as oont;raste4 with "mesothermal" 
. ­ -· 

and "epithermal solutions" of the two higher zones. HYpothermal 

deposits are formed at ve~y considerable depths below the surf ace 

and these bodies together 

I 
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/ 

with contact-metamorphic deposits, pegmatite dikes, replacement 

deposits and ordinary veins are all develop~d very soon after · 

the intrusion of the magma end while the temperature is declin­

ing. Characteristic of hypoth~rmal deposits are such minerals 

as the :pyroxenes,· sp inel and magnetite,· molten only und.er con­

ditions of high temperature_ (30o-·500°c), together with those 

minerals more dependent upon high pressures and the presence of 

mineralizers for retention in the molten state, including topaz, 

chondrodite and the micas. The most common metals to be found 

in this zone are gold, cop~er, iron, tin tungsten and arsenic. 

The texture of the veins is generally coarse-grained and irreg­

ular, while crude banding may result from deposition but not of 

as pronounced or as ~elicate a n~ture as _is the banding found·. 

in deposits nearer the surface. ·The mode of fissure-filling 

vt such depths still remains open for argument. It is difficult 

to conceive of spaces occurring under the conditions of high 

pressure which.characterize this zone. varied opinions have been 

offered concerning this question but almos.t as many :pertinent 

suggestions of a co~trovertive nature have been made by others. 

There have been advanced such theories as: that crystallizations 

would tend to force the walls apart and thus provide space for 

the ore; or that mineral solutions were in~ected under great 

pressure along planes of weakness, thus opening fissures for 

themselves; or again, that hydrostatic pressures and previous 

fillings may keep the walls .apart yet not hinder the passage of 
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./
the ascending solutions. 

Probably the most outstanding copper ore body rep­

resenting this class of deposit is in the copper-tourmaline 

deposit of the Braden Hine l. situated near Santia.go,Chile. 

Here in the western Cordillera at an elevation of 8,000 feet, 

a very extensive ore body. has been developed over a verti.oal 

distance of 2,500 feet and is capable of producing about 

15,000 tons -0f 2 to 3 percent ore daily. In the Cordilleran 

region of the United States a number of smaller but similar 

deposits occur, tpe most productive having been the Cactus Mine 

in southern Utah, but this property is now closed, poorer ores 

having been encountered at depth. A second type of copper 

deposit characteristic of this genetic class, is the gold-copper 

deposit in which tourmaline. is absent or rare. The deposits of 
2.

the Rossland district of southern British Columbia are of 

this class. They consist of replacement veins along shear 

zones in monzonite and augite porphyrite, with granodiorite 

occurri.ng somewhat adjao ent and. thought to be an extension of 

the Trail batholith, the emanations from which are believed 

to have formed the deposits. The ore minerals are chalcopyrite 

and pyrrhotite, with some pyrite, arsenopyrite, molybdenite and 

bismuthinite, the ores containing about $5. to $10. in gold, 

o.3 of an ounce in .silver as well as o.5 to 3 percent copper. 

1. Lindgren, ~aldemar: "Mineral Deposits" (1928( pp.771-2.
2. tr TT ff (1928) P• 773.ft 

http:occurri.ng
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~n Western New South Wales, Australia, the deposits of the 

Cobar copper mining district are also representative of this 

typ~ of deposit. 

Mesothermal Deposits: . Uesothermal deposits are those formed 

under intermediate condi~ions of temper­

ature. an.d pressure by ascending hydrothermal ( or, in this 

zone, mesothermal) solutions, genetically related to a magmatic 

intrusion. No distinct line of demarcation indicates the 

boundary of t.he zones .for there is a grad~al transition into 

the hydrothermal zone below and the. epithermal zone above. 
I 

This intermediate zone· is therefore characterized by conditions 

of moderate intensity as contrasted with those of higher inten­

sity in the zone below, and with those of the lesser degree 

in the upper zone. Mesothermal deposits are believed to have 

been formed at depths varying from 4,000 to 12,000 feet, shortly 

after magmatic intrusion, with temperatuxe conditions ranging. 

from 150 to 3oo0 c., and at pressures estimated f~om 140 to 400 

atmospheres. The deposits, due to the pressures involved, are 

fairly regular in strike and dip and the veins commonly have 

smooth walls and slickensides, while replacement bodies are 

sometimes developed. The most frequently occurring minerals 

are those deposited under comparatively moderate conditions, 

such as the sulphides, arsenides, sulphantimonides and sulph­
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-arsenides, and most commonly include pyrite, chalcopyrite, · 

arsenopyri te, galena, zinc blende, tetrahedrite, ·tennantite 

and native eold. The predominent metals are gold, silver 

copper, lead and zinc. The usual gangue mine~al is quartz 

but the carbonates, calcite and dolomite, are also common. 

This class of deposit, yielding a large proportion of 

the world's production of gold, silver, copper,lead and zinc. 

is of particular importance in the Cordilleran region of the 

Americas, as well as in otner parts of the world where igneous 

activity .has been followed by deep erosion. Copper-bearing 

veins resulting from filling are not so important, unless re­

placement or descendi.ng surface waters have been instrumental 

in enlarging and enriching the ore body. Many of the great 

copper deposits are mainly pyritic replacements of igneous 

. or sedimentary rocks while other bodies a~e rendered commercially 

important through an accumulation of secondary chalcocite either 

in wide replacement veins or in broad mineralized zones. 

Chalaopyrite ~-Q.uartz an~ Bornite-Q.uartz veins are locally 

common but rarely of much economic significance. Pyrite-Enargite 

veins are less common, but in places are of importance. The 

latter mineral, enargite, is relatively rare but if occurring 

it seems to favor mesothermal deposits. The· most common example 

of this particular type of deposit is to be found in the vicinity 

• 
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of. Butte ,I·~ontana~ •for some time the most productive copper 

district of the world. There the copper depo~its consist of 

a system of steeply di:gping veins cutting quartz monzonit·e, 

and a few dikes of apl~te and granite porphyry have been 

intruded into the granular rock as well. The ore bodies are 

in the main pyri tic repla.cements along fissures, the. ore being a 

heavy, coarse-grained sulphide aggregate in which pyrite predom­

inates and with which are also associated such minerals as 

enargite, tennanti~e, bornite, chalcocite, zinc blende, and a 

littl~ chalcopyrite and covellite. The ores average from 3 to 4 

percent co~per and 4 ounces of silver per ton. 

Pyritic replacement deposits formed in this zone are 

characteristically of a fine-grained massive texture, and 

though consisting _mainly of pyrite, they derive their comm.ercial 

importance from the small percentage of chalcopyr~te contained. 

Illustrative of t~is type of deposit might be mentioned those 

of Jerome,Arizona; Shasta County~ Germany. The most important 

mine Of the Jerome district is the United verde2• which during 

the period 1888-1922 produced over 500,000 tons 
') 

of copper with 

some gold and silver~ The deposit is in .the form of a .pipe of 

several hundred feet in diameter, -and has been followed to a 

depth of 3,500 feet. The or.e is fine-grained, containing from 

. \ 

1. Lindgren,Waldemar: "Mineral Deposits" (1928} pp.696-700. 
2. " " n " (1928) pp.701-2. 
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4 to 6 percent copper and in addition to chalcopyrite, the iron 

sulphide is associated with sphalerite and tennantite. The 

gangue minerals are quartz, chlori te, dolomite'· calcite and 

sericite, while high temperature minerals are practically_ absent. 

Epithermal Deposits: Epithermal deposits are those bodies 

formed relatively near the surface by 

ascending hydrothermal ( in this zone "epithermal") solutions, 

which are genetically related to some magmatic intrusion. Again, 

no distinct line of demarcation of the zone is to be expected, 

but rather a transitional change occurs between this and the meso­

thermal zone below. Prevalent temperature and pressure conditions 

( the important factors in the formation of such deposits) are 

here considered to be of relatively slight intensity. such 

deposits are believed to have been formed comparatively near the 

surface under temperatures estimated from 100 to ·2000 c., and 

usually in igneous flow ~ocks, commonly the andesites, latites, 

trachytes and rhyolites, and frequently associated with stock-

works or conduits of various kinds. The fissuring of the rocks 

as a result of the reduced :pressure, increases the abundance of 

o:pen cavities, the· irregularity of the veins, and the amount of 

splitting and brecciation. Banding resulting·from deposition, 

is commonly well and delicately developed as contrasted with 
\ 

the crude banding of lower deposits. Q~ite extensive vein 

systems commonly occur in which the extent of any one vein is 
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relatively short. The most common ore minerals are native gold 

.and the tellurides, native silver, arg~ntite, complex silver 

sulphantimonides and sulpharsendies, including proustite,pyrar­

gyri.te and tetrahedrite. Of the metals, gold and silver are 

decidedly most important, while the base metals are present 

in some cases but seldom are mines here worked for these metals. 

In some places large bodies of galena and zinablende occur, but 

it is decidedly rare to find an important copper deposit in the 

epithermal zone, while the pyritic deposits are absent. The 

common gangue mineral is quartz but locally aalcite, dolomite, 

barite and fluorite may occur. 

As suggested above, the mining of base metals from · 


epithermal deposits is rather exceptional and heavy deposits 


of pyrite and chalcopyrite are very rarely found. At the 


Los.Pilares Hine, :Mexico, hovJever, a large body of low grade 


pyrite and chalcopyrite has been mined, while at Ashio,Japan, 

' somewhat similar.veins are worked. The ores of the san·Juan 


region, Colorado, sometimes contain copper, as tetrahedrite 


and enargite, but the principal values are in gold and silver. 


Native Copper Deposits: The great deposits of native popper in 

the volcanic flows and conglomerates of the 

pre-Cambrian in Mio~igan, are the source of ·metal for one of the 

principal copper producing districts of the United States. These 

deposits are mainly.located in northwestern Michigan on the 

Keweenaw peninsula on the southern shore of Lake superior. Mining 



- 43 ­

o:perat ions were commenced as early as the year 1846, and the 

bed~ are now being worked by a dozen large mines. The deposits 

yielding the greater Dart of the output of the district, are 

the beds of amygdaloid rocks, although much copper is also 

obtained from a bed of volcanic conglomerate. A third mode of 

occurrence of the or·e: is in the form of veins -following fracture 

zones. During the eariy years, the veins were mined but they 

are now of little importance. 

_Concerning the genesis of the deposits,_ authorities differ. 

Van Hise concludes that n- the almost universal association of 

small quantities of copper with the Keweenawan lavas is the most 

conclusive evidence that these lavas are the source of the ~etal" 
- 1.Lindgren believes that " the deposits ·indicate eruptive after­

effects at-a temperature not higher t_han 25o 0 c., and that they 

were formed shortly after the effusion of the lavas, and that they 

were concentrated from elements contained in the flows. The origin 

of the water, which was 1Uldoubtedly present, may be left an open 

question. If ascending, its v.olume must have been extraordinarily 

large". More recently the deposits have been examined by Messrs. 

Graton,Butler and Broderick for the Calumet and Hecla Consolidated 

Mining Com~any, and it seems that they attribute the concentration 

of the ores to ascending thermal waters. They suggest that the 
_,/ 

structural faults, folds and fraotures are earlier th.an the ore. 

l. Lindgren,Waldemar: "Mineral Deposits" (1928) p.511. 
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The hot solutions containing copper sulphide of magnatic or~gi~ 

are believed td have ascended throur:h the porous conglomerate 
. 

and through the vesicular.tops of the flows, and to have deposited 

cop~er.under the impermeable and next overlying ffow. These 

solutions were ·reducing and so bleached the rock. The abundance 

of Fe203in the tops of th~ flows oxidized the copper sulphide to . 

. ·sulphate, at first cuprous sulphate, from which the copper was 

precipitated upon cooling and dilution. R.c.wells 1 ·1n discussing 

the chemistry of the 
_, 

deposits of native copper from asce~ding 

solutions, gives the following scheme of' reactions: 

(2) 

Deposits Formed by Superficial Alteration: The uppermost part 

of a mineral deposit, 

v;ithin the zone of weathering, is usually more or less altered 

by surface waters containing free oxygen. 1.'.!hile the direct 

effects of weathering are noticeable above the water table, certain 
• 

indirect alterations are to be found below this level of ground 

water. The upper and outer zone of the .lithosphere lying roughly 

parallel to the topographic surface and typically above the 

1. Bull 778, U.S.Geology Survey, 1925. 

~ 
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water table is known as the zone of oxidation and ~ithin it weath~~ ­

ing is usually pronounced. The two influential processes of sig­

nificance in mineral concentration are oxidation and hydration. 

The downward circulating surf2ce waters containing important 

quantities of oxyge~ enter a mineral body and tend to form variru s 

soluble com~ounds of the materials of the mass, and to carry these 

to lower levels or else reprecipitate them nearby. Below the 

water table the dissolved content of .the downw2rd percolating 

solutions may, under changed conditions, .be deposited, and thus 

lead to mineral concentrotions of considerable significance, in a 

region known as the zone of secondary sulphide Enrichment. 

Deposition of the dissolved content of these solutions is due to 

the deficiency of oxygen found below the level of ground 1nater, 

together with the reducing effect of the primary sulphides there, 

the actual precipitation being thus dependent ·upon the presence of 

such pre-existing primary ores. Deposits formed by descending 

surface waters, through the· al tera ti on and rearrangement of t_he 

mfneral content of the material affected, are known as "supergene 

deposits".· Frequently by such processes, previously worthless 

but mineralized materials have been inorked over so that valuable 

·ore deposits have been formed. The term "protore" has been 

suggested to designate such primary material of too low tenor to 

constitute ore but which may be thus concentrated. A ngossan" 

or capning df residual material may be developed on the top of the 

oxidized zone as a result of the solution and removal of certain 

soluble constituents of the original rock. Frequently this·capping 

.... ­
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is a spongy mass of cellul2r limonite, the hydrated oxide ot 

iron {FeO. 3H20). 3etween the zone of oxidation and that of 

secondary enrichment is an intermediate zone marked by the 

upper and lower limits of fJLuctuation of the water table, and 

in vihich oxidizing and reducing conditions might be expected 

to alternate, accordingly as the water level drops or rises. 

,'Thile the zone of oxidation is being developed the lower zone 

of secondary en~ichment is being simulteneously established 

intimately and dependently upon the pre-existing primary ore 

or leaner mineralization. It is the presence of the latter 

mineral boq..y ·which provides the reducing conditions instrumental 

in the deposition of the enriching minerals. The supergene 

sulphide zone is generally of limited thickness, though commonly 

it is the richest part of the deposit. Obviously from the 

physical standpoint the ground water level is the decisive factor 

involved in the formation of the enriched deposit in that it 

contr~ls the equilibrium between oxidation and reduction. 

Copper is one of the most easily dissolved and transported· 

metals and in that it is also readily precipitated, its supergene 

de:posits are often of much importance. Migreting downwards through 

the oxidized zone and through the supergene sulphide-zone, it may 

become concentrated in deposits of considerabl·e commercial impor­

tance. Chalcopyrite, one or the most common primary sulphides Of 
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copper and iron, is readily oxidized by oxygen and by ferric 

sulphate and slightly by dilute sulphuric aoid. Bornite is 

more strongly attaoked by the aoid, but is easily decomposed 

by ferric sulphate. Chalcooite, like oovellite, is very 

slightly reactive to sulphuric acid, but is decomposed by 

ferric solutions which change it to a sulphate snd probably 

also to covellite. Enargite and tetrahedrite are also slQwly 

decomposed by dilute solutions of ferric sulphate. The cupric 
. 

sulphate in the oxidation process is more or less fixed by the 

formation of malachite, azurite, broohantite, ohryaocolla, as 

a result of solutions containing carbonates or silica. These 

minerals being slightl7 so~uble in v.e.ter containing carbon 

dioxide and readily in dilute sulphuric acid, may likewise 

be leached', or they may be reduced to ouprite and 1 t to native 

copper, which again may go into solution with sulphuric acid. 

In.the zone of Oxidation: Illustrative of the ohemioo l and 

mineralogical changes which,ooour in 

·these zones of alteration the example of ohalcopyrite in a 

qu$rtz gangue may be oited. With erosion and ultimate denud­

ation of the vein, weathering agents, particularly oxidation 

and solution assisted by carbon dioxide, attack the rat~er 

unstable ohalcopyrite which is readily 9xidized. The iron 

molecule first oxidizes to ferrous sulphate an4 further to 

insolub~e hydrated ir?n oxide, ~d remaining as a limonita,· 
l • 

.g1ve s rise to a go assann format ion. · 

1 ... Ante .. n .. 20.._ 
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The copper molecule is oxidized to copper sulphate and may be 

reprecipitated there as a solid .carbonate ( malachite or azurite), 

silicate ( chrysocolla), or chloride ( atacamite), according to 

the chemict:1l content of the meteo1,ic solutions and the contac.t 

rock. Such dissolved mineral content as is ·not fixed in this 

manner may proceed downwards with the meteoric solutions to be 

deposited under the changed conditions of the zone below. The 

depth of the zone of oxidized and reprecipitated minerals 
' generally extends to the ground water level. This zone is 

seldom more than 100 to 200 feet below the surface, often only 

a few feet; unless in some such arid region as Chile, the 

level of ground water is very low. The copper-bearing minerals 

commonly fixed in this oxidized zone includes the carbonates, 

(~alachite and azurite~the hydrous silicate (chrysocolla),while 

under arid conditions the chloride,( atacamite) may be found. 

In addi ti.on to these, native copper also occurs. The hydrated 

oxide of iron .is characteristic especially of the upper cappine,· 

the goasan, if such has been developed. The necessary 

conditions for this zone are excess oxygen and not too rapid 

leaching. It is typically an oxidizing and acidic zone, as 

aomp·ared w·i th the low er one of ba sio and redue ing characteristics. 

The reactions of the oxidized zone are essentially those 

occurring between the sulphides, oxygen, water, carbon dioxide 

and sulphuric acid, followed by any reactions between the pro-· 
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-ducts thus formed or between these and other minerals. 

Chalcopyrite is oxidized as t~llows: 

(1) CuFes2 & 80 = --- .._ 

Oxidation of the sulphate at the surface would likely form 
sulnhuric acid. At any rate pyrite would probably react as: 

(2) FeS2 & 70 & H20 ·: FeS04 & H2S04 

Ferrous sulphate oxidizes to ferric sulphate: 

Ferrous sulphate may yield limonite as represented in the 
follovJ ing equations: 

(4) 6FeS04 & 30 & 3H20 = 2Fe2(S04)3 & Fe2(0H)6 

(5) Fe2 {so4 )3 & 6H20 = 2Fe(OH) 3 & 3H2so4 
(6) 4Fe(OH) 3=2Fe2o3 & 6H20 •2Feio3 • 3R20 & 3H20 

(7) 2Fe2 (S04 )3 & 9H20: 2Fe2o3 • 3H20 & 6H2so4 

The co~per sulphate, as oxidized from-chalcopyrite according to 
equation {l)i may be held in the oxidized zone by the following 
reactions: • 

(8) 2CuS04 & 2H2Ca(C03)2=CuC03(CuOH)2& 3C02& ~CaS04 & H20 

(9) 3Cuso4 & 3H2Ca(C03 )2a2CuC03 (CuOH) 2& 3Caso4& 4C02& 2H20 
. ' 

(10) 2CuSo4& 2FeS04& H2o :Cu2o & Fe2 (S04 )3 & H2so4 

(11) Cu2o & H2so4=cu & Cuso4 & H20 

. (12) CuS04& H2Ca(C00 )2 & R4Si04 :CuO.H4Si04 & caso4&H20 & 002. . 

1. Ries,Heinricn: "Economic Geology" (1925) p.480. 
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In Zone of Secondary
Sulphide Enrichment: The downward penetrating waters csrrying 

disso~ved copper salts e~entually reach a region 

where oxygen is deficient, where the amount of free acid is decreas­

ed, and wher·e reduction,rather than oxidation, is actually favored. 

There, in the zone of secondary sulphide enrichment1 the copper and 

other metals in solution tend t-o form new combinations and 

to be reprecipitated as insoluble solid compounds. This is acco~­

plished mainly as. a result of the contact of these solutions with 

the sulnhides and other unoxidized ore minerals of the primary 

pre-existent zone of relatively lea;ner mineralization, upon which 

minerals the deposition is made, and upon the presence of which 

deposition depends. The enriched zone is commonly characterized 

by the format.ion of secondary sulphides, sulpharsenides, sulphan-· 

timonides and bismuth-bearing min_erals, as well as cuprous oxide 

and metallic copper. Probahly the most comr.ion copper -~ineral 

occurring at this horizon is chalc-oc i te, which is subsequently 

altered to form covellite. . Born ite is likewise common while 

secondary chalc opyri te may also be. found. The most frequently 

occurring complex sulphides of this zone include tetrahedrite, 

tennantite, famatinite, enargite and sometimes bournonite. The 
l. 

extent of this zone as previously noted- is relatively limited 

and of variable thickness and richness. The concentrating 

process may be affected by a number of factors including climate, 

1 • .Ante.p. 4n. 
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al ti tua.e, relief, permeability· of the rock, geologic history of - -- .. 

the locality and the chemical and mineral composition of the ore. 

Lowering of the water table permitting the oxidation of the 

:previ'ously enriched minerals may cause a progressive dovmws.rd 

enrichment and an enlargement of the zone for, ~hen the cupric 

sulphate· solution comes in contact with the primary or enriched 

ore, fresh cupric or cuprous sulphide will be formed ~' Moreover, 

secon~ry enrichment of the copper sulphides need not be confined 

belovJ the water level,for should there be a deficiency. of oxygen 

or of ferric sulphate in a part of the oxidized zone, secondary ­

sulphides may be deposited. Such occurrences are however,- .us~­

ually of a spotted and irregular nature. 

Many reactions have been written to explain the precipitation 

of metallic sulphides ·in the zone of secondary enrichment. 

Frequently several intermediate steps may be involved in the 

process of change from one mineral to a.nothe·r. For example, it 

has been shown that in the conversion of pyrite to chalcocite by 

the action of copper sulphate, the order of transformation in some 

cases at least is probaoly as follows: Pyrite- Chalcopy11 ite- Berni te­

Covelli te- Chalcocite. The following. reactions seem to be approx­

imately representative of some of the· more import~nt changes: 

{13) 5FeS2 & 14CuS04 & 12H20 =7cu2s & 5FeS04 & 12H2S04 

(14) ,FeS2 & ~CuS04 & 3S02& 6H20 = 2c_u2S& FeS04 & 6H2S04 

1. Lindgren, Waldemar: ":Mineral Dep osi tsn {1928) p. 942. 
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(15) CuFes2 & cuso4 ~ 2cus & FeS04 

(16) 2FeS2& CuS04& 20 = CuFeS2& FeS04 & S02 

(17) Cuso4& H2S : CuS & H2so4 

Examples of the oxidation of copper deposits and result­

ing secondary enrioh~ent are numerous and widespread. Of the 

outstanding deposits of ~his nature might be mentioned those of 

Ely,Nevada; Bingham,Utah; Ray and Miami,Arizona; Rio Tinto, 

Spain and the Chuquioamata deposit of-Northern Chile. The 

deposits at Ely,Nevada are now being worked on a large scale 

as a secondary chalcocite proposition. Intrusive activity caus­

ing contact metamorphism was instrumental in the development 

of copper deposits, but few of these have proven of economic 

importance, the post-intrusive mineralization producing dissem-· 

inated pyrite of the porphyry mass with lesser amounts of chal­

copyrite. Upon exposure by erosion, however, the oxidizing 

supergene ·waters produced a downward migr~tion of the soluble 

oopper sulphate fro·m the :porphyry itself and from t.he contact 

deposits above. This resulted in a marked ohalcocitization of 

considerable extent and of sufficient richness to warrant the 

large scale operations now being oarried on at this mine. The 

leached zone- is from 50 to 200 feet in depth and consists of a 

soft iron-stained mass containing.in some places oxidized copper 

ores. The chalcocite zone lying below is comprised of a white 

.... 
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earthy porphyry in which occur disseminated flakes and grains 

of chalcocite and lesser amounts of pyrite. This zone has a 

maximum depth of about 500 feet, the copper mineralization 

gradually decreasing with' depth until only pyritic valueless 

":protore" is reached. .At this particular locality the level 

of the ground water is estimated at 385 feet below. the surf'ace. 

, 

./ 
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111. lmT.AJ1LURGY OF C O?PER 

INTRODUCTION. 

Early Development: "The art ~f metallurgy as ·:P~actised during 

the centuries preceding the great scientific 

awakening of the last one hundred years was more in the nature 

of a craf~, t.he r,ules of which had been handed down from father 

to son for· countless generations. New discoveries and new 

processes were few and far between and then were based most 

frequently on accident rather than on premeditated improvements. 

The advent, however, during the eighteenth ·century of the new 

era in the physical sciences· gave an impetus to the metallurgy 

of the economic metals, which, while slight at first, for the 

art seemed not to see the significance of the bearing of physics 

and chemistry on metallurgy, rapidly grew, until at the present 

day metalllll'.'gic processes are carried out, for the most part on 

a'rtgorously scientific basis, resulting in an enor~ous product­

ion, at low cost relatively speaking, and of.such composition 

or such purity as to make the metals available for almost any 

purpose desired in industry on the. 
0

artsn •1 • 

Little is known to us concerni.ng the earliest methods 

used·for the extraction of copper from its ores. There are still 

l. Fulton,C.H." Principles of Metallurgy" (1910) :p.l. 

http:concerni.ng
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-to be found on the slopes of 11tt .Sinai and in the valley of 

Wadi Heghara in the Sinai peninsula, remains of slag heaps, 

fUrnaces and crucibles. Apparently the ores worked there 

·were self-fluxing and were almost entirely oxidized. The 

fact that these ores were readily reduced would largely ex­

plain the early production of copper in this area. Simple 

:pit-smelting· of the ores with charcoal t.ould yield 18 per 

cent of their copper content. On_ Metterberg Mountain in 

the Austrian Alps discovery of the remains of about a score 

of roasting and smelting places, as wel 1 as a furnace, 

constitutes evidence of a prehistoric copper met~llurgy 

dating back to about· 1300-1000 B.C. The furnaces with interior 

cross-sections 01' about five square feet, were made ot broken 

stone and clay. li{asses of slag weighing abo_ut forty pounds 

are to be found and these were ':probably pulled out of the 

furnaces by means of poles. Resmelting was the :probable_// 

means of refining the coarse,black copper of the first 
. 

smelting operation in that refining slags have been found to 

contain copper shot, which have but 1 i ttle ·sulphur con-tent. 

Copper utensils were used by the Lake Dwellers at Hallstatt, 

Austria, the metal probably being.derived from such operations. 

The earliest historical though somewhat confused 

records of the metallurgy of copper are turnished by Pliny in 

his "Natural History of the Roman" and in the works of 
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Dioscorides and Galen (100-200 .A.D.). .According to the former 

historian all the ores were .first roasted in heaps until·they 

toox on a red.color, then the roasted product wa~ removed and 

smelt.ea. in small shaft furnaces charged with alternate layers 

of charcoal and ore. Air was introduced near the bottom by 

means of hand bellows. The product of this operation was 

black copper, with some matte, slag and furnace accretions. 

Much of the copper of the ancients was an impure, brittle, black 

metal suitable only for casting and was theD sharply distinguished 

from the malleable and workable material. Pliny referred to the 

possibility of improving the metal by repeated smelting operations 

which were then done by means of small hearths, fueled with char­

coal and having air blown upon the surface ~f the molten copper. 

Brass was produced by the smelting of metallic copper with powd­

ered calamine mineral (2ZnO.Si02 • H2o) or with zinc furnace 

accretions. Bronze was widely produced by smelting copper with 

tin. The period extending from the third century to the beginn­

ing of the sixteenth century saw only a slight advance in the 

metallurgy of coppe~. In Austria during the thirteenth century 

the precipitation of copper from certain mine waters was 

practised, although the Romans had probably been familiar with 

the reactions involved. In 1272, in Graslitz,Bo~emia, sulphide­
./ 

iron-copper ores were smelted to a matte, roasted in heaps to 

·-· convert the copper ·to sulphate, then leached.with vJa ter and the 

metal precipitated on iron. The metallurgy of copper as at the 

http:smelt.ea
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beginnine of the sixteenth century is discussed at considerable 

length by Georges .Agricola, in his w.ork vom Bergwerk (1556). 
l.

There were then seven separ~te operations as follows: 
I 

n (1) The roasting of the ore in heaps. 
(2) 	 The smelting of the roasted ..ore in blast furnaces 

with open breast and an exterior hearth, with 
the production of matte and slag. 

· (3) Roasting the first matte in heaps. 
(4) 	Smelting this matte in blast furnaces into one ot 

a higher grade.
(5) Roasting this matte to expel practically ail sulphur. 
(6) 	 Smelting this roasted matte in blast furnaces to 

nblack copper" 
(7) Refining the black.copper on hearths or in simple

reverberatory furnaces resembling ancient 
cupeling furnaces." 

The :presence of appreciable quantities ·of silver in a copper 

ore requires its extraction by .the smelting of the black copper, 

or the rich matte with lead, which thus accomplished the partial 

removal 	of the silver. The lead was then cupeled· for its silver 

content. 

Thus had 	the main principles of copper metallurgy been 

fully realized. In succeeding centuries important developments 

included 	suchtypical processes as the German Blast FUrnace, and 

the English Reverberatory practice by \1fright in 1698. The latter 

process 	has.shown certain advantages ·over the former as regards 

capacity and economy of operation. Duxihg the last half century 
. / 

the metallurgy of copper has developed remarkably and has at the 

present 	time reached a very high degree of efficiency. Further 

progress 	c<n be expected as the copper deposits of high grade 

become gradually exhausted and as metallurgists· concentrate tre ir 

1. Fulton C.H.: "Principles of Metallurgy" {1910) p .18· •. 
• 
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skill up on the treatment of low grade ores,. so extensively 

distributed over the world and which are doubtlessly the 

potential copper producers of the future. 

MINING. 
Mining methods have developed simultaneously with 

metallur6ic2l progress. The application of high 

explosives and later, the use of the mechanical rock drill, 

and other mining machinery have combined to successfully . 

SU.p:ply. the ereatly increased demand for the raw material. 

Frequently underground methods of mining copper ores are 

adopted but extensive open-9ut mining and the use of steam 

shovels, as at Bingham,Utah, has been found successful. 

v;here circt.1mstances permit. Recovery of co:pper from mine 

drainage water has long been :practised, and at Butte, Montana 

such operations are on a large scale. The leaching of. ore 

in place is closely related to minine ope·ra tions, in that 

this is one method of removing the metals from the ground, 

a proc~ss which may become of .considerable si£nificance in 

operating the low grade copper properties of the future. 

At the Ohio Copper Company, Bingham,Utah, an entire mine 

is being leached in this manner. This particular property 

was at one time worked by the' usual mining methods, until 

the .high grade ore became exhausted. and such operations were 

no longer profitable. Subsequent caving and shattering of 
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the remainine· rock resulted. in its exposure -to the action of 


the ground viaters which drained to the main adit of the mine. 


Conseq_uently precipitating n1aunders 11 have now been placed in 

this adit and spent solutions are being pumped back over the 

surface of the ground to assist the leaching process. The 

reports_ of the operating company reveal remarkable recoveries 

at a surprisingly low cost~ 

· .At Cananea ,Mexico, stope leaching has been practised. 

In this p~ocess the low grade material of those stop.es _which 

have yielded their high grade ore, is broken. sometimes the 

solutions are drained to lower levels and the copper precip­

i tat ed on iron, a ft er ·which the s :fX3TI t so lu t ions are· pumped back 

over the ore. In certain other cases the solutions are pumped 

to the surface for precipitation. Care must be exercised in 

having the solutions evenly distributed over the ore, and for ­

this purpose a rubber hose has been found- satisfactory. Part. 
of the solution must be continuously withdrawn for "stripping" 

and discarding, in order to prevent the excessive building up 

of iron salts. In the prec ipitat ion pro.cess the· introduction .. 

of a~r has been found beneficial. The cost of production of 

copper by these method~, and including smelter charges, has been 
l. 

as low as 6.$7 cents per pound • 

1. Hayward C.R.: ".An Outline of }!etallurgical Prc.cticen (1929) 
p.124-6 
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CRUSHING. 
In most cases the ore comj_ng from the mine must be 

crushed finely, or if for flotation concentrr. tion :i .. 

even :pulverized. There are other instances where medium crushing 
. 

is sufficient, while in a few places, as with certain rich ore 

bodies, coarse crushing is aiequate for the product which is to 

be either directly smelted or first subjected. to but a rough 

method of concentration. 

Three main methods of crushing have been used with 

considerable success. The "Jaw Crusher"_ equipped with an 

oscillating jaw ·is fed from the top and dischsrges the crushed 

ores between the lower edge of the jaw and the front plate, in 

si.zes depending on the width of that opening, which varies in 

different crushers and which, to a limited extent, is adjustable 

in ee. ch m~chine. The "Gyratory .Crusher" is made in varirus 

sizes, some quite large. The ore is crushed between a gyrating 

head and a fixed cone. Fine grinding is best accomplished in 

the nBall ?Ull". In one type ( the "Hardinge Ball ~Hll") the 

machine somewhat resembles a slender toy top and revolves ori 

its axis in an almost horizontal position, with a sli€ht slope 

toward the smaller end, i.e. in the direction of-movement of 

the ore. Within this cone-shaped receptacle are steel balls 

of varying size, the largest by.centrifugal forces being retained 

at the section of greater circumference and higher speed of 

revolution, while the smallest balls are kept near the smaller 

1. Postea pp. 61-~. 
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and more slowly ro~ating end. The ore is introduced at the 

larger end as the mill rotates and the material is first coarsely 

crushed by the larger. and most rapidly moving balls, and contin­

ually more finely by the successively smaller balls, until a 

finely-ground product is discharged from the opposite end of 

the mill. This crushed material is frequently classified and 

that whic.h is not s~fficiently fine ·is returned for re-grinding. 

CONCENTRATION. 

CoP.pe·r ores are. generally of too low grt:de to be 

directly smelted and so methods for their concentration have been 

developed. The.object of ore concentration is the separation of 

waste rock known as "tailings" from the "concentrates" which 

contain the valuable constituents of the ore in a more concentrated 

form. 

Various types of· concentrators have been used for 

th~s purpose, the principle of them all being the separation of 

the heavy metallic mineral from ,the lighter waste rock. 1!_ri th 

but one or two exceptions of minor importance these machines 

operate with the ore wholly or partly immersed in water. 

which . 
Flo tat ion: Concentration processes have t_ended to revolution­

ize metallurgical practice, include those based on the 

·­
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/ 
principle of flotation. In such procedures the separation of 

minerals in water results from the tendency of certain types of 

solid particles to adhere to gas bubbl.es generated within, or 

introduced· into, the pull) together ·wi~h the simultaneous adhesion 

of other kinds of solid_ particles to ·the water in v1hich suspended. 

Flotation of the solids adh·ering to t'he bubbles permits their 

removal as a "froth" of different composition than the pulp. 1 • 

Earliest flotation methods oentred around two extreme 

·types of processes. The first class, basing its operation upon· 

the recognized differences of wettability of minerals by water, 

made use of large quantities of oil to ·separate those particles 

that were well wetted by water f?'.'om those that were v1etted less. 

The second process was known as "skin-flotation" and in it dry 
... 

or drying mineral particles were approached by a free w~er 

surface which exerted a selection between the two classes of 

ore particles. From 1901 to 1905 developed the Australian 

flotation process in which the buoyant medium was a gas prod­

uced by the re.action of a strongly acid pulp with suspended 

sul~hides and carbonates. Dire~t introduction of gas by a 

"beater" or "impeller" revolving i-n a pulp· was the next develop­

ment (1906) and was the forerunner of the flotation mach:h es 

of the "agitation" type used at the present time. Later devel­

opments of this method of direct introduction of gas include 

those methods using porous bottoms (1914) and ··submerged pipes. 

l. Gaudin,.A.M. "Flotation" (1932) :p.l • 

... 

http:bubbl.es
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1'ri th the renlacement of oil by a gas as the buoyant raedium 


there c2me first the recognition that large amounts of oil 


are unnecessary and finally the realization that at times 


oil w8s even objectionabl~. Differences in the floatability 


·of various oil substances wer'e next recognized and the use 

of soluble "frothing" agents, .such as ketones, fa tty acids 

and esters C includi~ _the present widely use pine-oil) were 

finally recommended (1909). During the period 1915-22 Perkins 

discovered the association df the collecting property with 

nitrogen in the valent state and sulphur in the divalent state, 

in certain non-oleaginous organic compounds, while in 1924,. 
Keller introduQed the use of xanthate for the same purpose. 

These latter developments markthe beginning of a flotation 

technique in which oil as a distinct phase has-ceased to exist. 

The newer process may be termed "chemical flotation" in 

contrast to "oil flotation". In the ·last five years consider­

able research has been directed towards the discovery of 

specific collectors for each of the metals and while much 

progress has been made, no complete success has as yet been 

attained. The development of selective agents permits the 

flotation of one mineral but inhibits that of another; so 

that a separation may be attained. such a process is called 

"selective" or "differential flotation" -as contrasted with 

"collective flotation" in which all the metals are collected 

in one concentrate. 
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The process which has become the most prominent method 

of concentration of copper ores is one in which the finely 

crushed or pulverized ore is agit~ted in. water to which 

has been added small amounts of oil and other reagents. The 

froth which is thus produced floats the meta·11ic mineral which 

is but slightly mixed with waste rock. The floated product 

is continually skimmed·off, the water content removed by con­

tinuous rotating filters and the sulphides sent to the smelter. 1 • 

Usually the first concentrate is further purified by repEB. ted 

flotation. Formerly flotation processes merely separated 

- sulphides from the other minerals, but recent developments 

have made possible the separation of copper and lead, zinc and 

iron sulphides, and this advance has had a marked influence 

upon smelting. practice. Concentration of the sulphide ores of 

copper is the largest industrial application of flotation, and 

in many cases the simplest and most universally successful. The 

commercial importance of the process is indicated both by the 

large scale operations .(70,000 1000 tons of sulphide copper 

ore handled annually) and by the fact that fully nine-tenths 

of the tonnage of sulphide ores of copper is concentrated by 

this process instead·of being smelted directly, leached or 

con~entrated by other ~ethods. The Utah Copper· Company has 

by this.means been able to increase _mill recoveries from 65 to 

90 percent, while the grade of the concentrate has been at the 

t . . d 2.same ime improve • 

1. Hayv;ard,C.R. :n.An Outline of Metallurgical Practicen (1929) _pP.2!'-~ 
2. Gaudin, A .M. "Flo tat ion" {2..932) p .156 •. 
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Future developments of the flotative processes in oonnecti<ll 

with the treatment of the complex sulphide ores of lead-copper­

zinc-iron and of copper-iron will likely be confined to 

attempting an improved reoovery in the case of the very coarse 

or the extremely fine particles, and in the improved selection 

among the finer partioles of these ores. For the separation of 

sulphide copper-zino and copper-lead ores, however, more and 

improved collectors will yet need to be developed. The f lo­

tat ion· of oxidized ores, and of oxide, oarbonate, eul»hate, 

and silicate ores will in all probability be a feature of the 
1. 

next decade of development in flotation praotioe. 

ROASTING. 

The roasting of copper ores may be aoaomplished by 

such methods as open-heap roasting and by the use of stalls, 

kilns, and hand or mechanically stirred or rabbled revarber­

atory furnaces. With standard large scale operations, however, 

the modern cylindrical multiple-hearth furnace is most commonq~ 
2employed. The typioal furnace (MaoDougall type ) has from 

six to nine hearths, and oooasionally more. These are equipped 

with a central rotating shaft supporting two rabble arms over 

each hearth. The rabble teeth are so adJusted as to gradually 

move the ore from oentre to oircumferenoa on one hearth, whence 

it is dropped to a lower hearth and similarly moved, but in the 

opposite direction to the centre, where it once more drops to 

a·still lower hearth. MUch of the roasting takes ·place while 

l. Gaudin,A.M.:"Flotationn (1923) p.6 · 
,,.. ..... _______ .ft - .......... __ "--.L."1.i.___ ,a ..,_.&..-'"'l"t----~--"'t ----.L.i ___ 1 ... .- ........... AZ~-
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/
the ore is falling from one hearth to the next lower one and 

the tendency now seems to be towards the use of more and 

smaller hearths. Thus, at the present time, eight,nine and 

even eleven hearths are being used. The a.ir required for the 

roasting is admitted in the proper amounts through an opening 

near the bottom of the hearth. Oil.or gas burners or fire­

places situated outside the furnace may be used to supply hea~ 

for admission to any hearth, though usually such is not required 

in that the burning of the sulphur ordinarily supplies suffic­

ient heat. If, however, all the sulphur is to be removed, or if 
such content is below 24 percent,. an extraneo~~ source of heat 

is necessary. Ideal temperature conditions for roastine vary 

gradually from 60o-7oo0 c. in the earlier stage~ to 800-850oc 

at the end. The usu.al daily capacity of such furnaces is about 

125 to 150 tons, though a fUrnace handling 280 to 300 tons a 

day has been recently put into operation. 

Many chemical reactions are obviously involved in the 

roasting process. T~ese do not take place simultaneously but 

are influenced by conditions Of temperature and pressure within 

the furnace. In general, the roasting of sul:phide ores causes· 

the sulphur to be oxidized to so2and so3 which substances either 

pass off as gases or r~main combined with other elements in tbe 

ore. Metallic oxides.are at the same time fonned. Low temper­
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-atures and a high S02or S03content in the furnace favor 

the formation of sulphates, whi'le high temperatures and 

lesser amounts of the gases.are conducive to oxide formation. 

It is doubtful if much copper oxide is formed in such a 

process, in that there is a tendency for the iron sulphides to 

be oxidized before those of copper, thus with but a partial 

roast much of the copper will remain as a sulphide or as a 

sulphate. FeO, a transitional· substance, is probably never 

present in the .product of this operation. Though magnetic 

iron oxide (Fe3o4 } is an undesirable substance in the roasted 

product, it is usually present. Considerable sulphur· must be 

left in the furnace product and usually tends to provide semi­

redu~ing conditions resulting in Fe304rather than Fez03 being 

the final condition of much of ·the iron. It can 
. 
thus 

-

be 

readily seen.that the.~esulting product of this_ operation 

constitutes ~ mixture of oxides, sulphates, unoxidized sulphides 
1

and unaffected gangue minerals. Hayward • suggests the follow­

ing chemical. reaaticn s as being representative o.f the possible 

changes invol~ed in this process: 

(2) -- 2CuO & S03 

(3) cuo & S03 :cuso4 

(4) Cu2s & 3S03 = Cu20 & 4S02 
,_ 

l. 	Hayward,C.R.: "An· Outline of Metallurgival Practices" (1929) 
pp.36-7. 
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(6) FeS & 30 =FeO & S02 

(7) 3Fe0 & 0 =Fe304 

(8) so2 & 0 & catalyser = S03 

(9) 2Fe3o4& so3 =3Fe2o3 ~so2 

(10) FeO & S03= FeS04 

(11) 2FeS0 & heat = 
4

Fe2o3 & so2 & S03 

(12) 4FeS04& o2 • 2 (Fe 203 : 2S03 ) 

(13) 4FeS2& llo2= 2Fe2o3 & 8S02 

(14) Fes2& heat = FeS & s 


·(15) FeSz& 02 =FeS & S02 


(16) FeS2~ 302=FcS04& so2 

(17) Cu2s. Fe2S3( chalcopyrite). The reactions 

involved are a combination of those given for cu~s, FeS2and FeS. 

S!·:!ELT ING. 

Smelting is a metallurgical proce·ss by me: ns of which 

ores or furnace products are reduced to a molten condition with 

or without the addition of a flux. In order to obtain fluid 

products it is fre~uently necessary to add some substance, known 

as a flux, which by combination with the ore material will 
. . 

~roduce·fluid compound~. For example, in the smelting of copper 
1 •.

bearing iron sulphides by the pyritio process it is necessary 

1. Postea P• 89-90 • 

. .... 
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to add silica as a flux. In the early treatment of oxide 

o~es the presence of a reducing agent was essential so that 

the development of the shaft furnace with the ore and fuel 

mixed was· the natural outcome and has culminated in the large 

blast furnace of today. The use of this type of f\i.rnaoe has 

nowever, been on thedecline in more recentyears ani it is being 

gradually replaced by the reverberatory furnace. The possibil­

ities for electric smelting have been probed, but for economic 

reasons .this process has not as yet been extensively developed. 

Investigations by· the Canadian Government have shown that a 

very low cost of p~wer would be necessary if electrothermal 

methods are. to be commerci~lly practicable. The most ·encouraging 

results to date have been obtaine.d in Norway, where a furnace 

operated to produce 25 tons of .copper matte daily, used power 

at the rate of 700 K.W. hour per ton of charge. some of the 

principles of smelting have already been discussed in connection 
1with the roasting process ; It is now pro posed to deal with 

the typical methods commonly used in smelting practice. 

Reverberatory Furnace Smelting:. Up to about .1909 the develop­

ment of the reverberatory fUrnace 

wa·s slow, but subsequently _v1ith the increased production of ore 

concentrates, and the introduction of the use of fuel oil and 

powdered coal, progress .in this method of smelting has been 

greatly stimulated. Essentially, the reverberatory fUrnace · 

1. Ante, PP•65-8. 
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consists of a hearth of furnace sand or magnesia, an arched 


roof of silica brick, and at one end a firebox, separated from 


·the hearth by a fire bridge, or "Bridge wall" equipped VJ i th 


·an air-cooling s:/stem to counteract the high ·operating temper­

atures at this part of the fUrnace. The fuel is usually a 

long flame bituminous coal, which burns in .the fire box to 

produce combustible gases which are carried over into ~he hearth 

by means of a suitable draft. There the gases burn wi~h the 

air admitted, either directly from the outside or from the 

cooling system of the bridge wall. The fu.rnace charge is 

·introduced through hoppers in the roof. .As the process 

continues, the charge is levelled. off, rabbled,~stirred) by 

long tools operated.through doors along the sides of the furnace. 

These openings may also serve to admit extra air for the com­

bustion of unconsumed gases. such a method of adding air, 

however, is not very desirable, due to the loss of heat thus 

incurred. The heat generated by the fire and by the combustion 

of its gaseous products in the hearth itself, acts upon the 

charge through the effectiveness of the arched and reverberating 

roof. The material on the hearth is melt~d and the products 

of the reverberatory furnace- matte, slag, flue a..U.St and fume­

ar e. thus formed. 

The matte consis~s of a union of ·the fusion products 

of the charge, mainly copper and iron sulphides. These, being 

the heaviest _products of the O]!eration, tend to settle to the 

bottom of the furnace, taking with them any precious metal content 

.._ 
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which r1ight be present. The matte is withdrawn through a ./ 

tap-hole conveniently located along the side or the end of 

the furnace. It is run into a ladle which is handled ce ither 

by a crane or a locomotive and then conveyed to the converters 

as req_uired. .A complex mass of fusible silicates resulting 

from.the snelting process constitutes the slag. rt is usually 

run off continuously through a tap-hole at the end of the 

furnace and either caught in slag cars and taken directly to 

the slag dump, or is g+anulated with water and disposed of 

according to conveniance. The large amount of fine material 

introduced into the modern reverberatory furnace accounts for 

a considerable fine dust content in ~he waste gases. Volatile 

constituents such as arsenic are also contained and remove_d 

by the gases. A portion of the dusts and fumes is collected 

in dust chambers, or s.uch dust and fume· collectors as the 

Cot~rell precipitator, designed to clean the g~ses before they 

enter the· stack. 

The chemical complexity of the roasted ore that is 

charged into the rev~rberatory fUrnace precludes the possibility 

of attempting to write the equations of the reactims involved 

in the fusion of the furnace· charge. Contained in it may be 

such compounds· as cu2s., cu2o. ,CuO., Cuso4 ., FeS.,Feso4 ., 

Fe2 o3 ., Fe3o4 ., and Si02 • '· together with various complex 

s i l i cates of i r on , a 1umi n i um ; et c • Certain bas i c s a 1 ts of coppe r 
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and 	iron may also be present. If raw ores Ere added there may 

also be ~es2and CuFeSz and other sulphides ~ith silica, limestone 

and 	silic2.tes. Many ores also contain the precious metals, gold 

and 	silver, and possibly other rarer metals may occur. Hayward 1 • 

outlines t.he following changes: 

(1) 	 The copper in conper oxides, sulphates and complex 
sulphides, is cha need to cu2s through various reactim s· 
due to heat and t~e interaction of sulphides. 

(2) 	 The su l:phur, which after the various reactim s does not 
renain combined with the copper, is in part fixed by 
the iron as FeS &nd in.Part eliminated as S02 o:r S03. 
These latter gases may result from the deconposition 
of the sulphates by heat-forming oxides, and so3 , or 
by reactions between oxides and sulphides, such as: 

3Fe203& FeS = 7Fe0 & S02. some sul:phur is also retair..ed. 
in sulphides 01" such minor metals a~ arsenic, etc. 

(3) 	The iron which is not combined r:ith suluhur renorts as 
silicate in the slag or as magnetic oxide. The latter 
may be in part in the slag or dissolved in the matte. 
The presence of an oxide dissolved in a sulphide is a 
strange phenomenon, but is apparently a fact. 

(4) 	 The lime, magnesia, alumina etc., enter the slag as 
silicates. · ./ 

(5) 	 The precious metals enter the matte as sulphides or as 
dissolved metallics. 

(6} 	 .Arsenic, antimony·,. lead, zinc, tellurium and selenium 
compounds undergo oxidation or reduction, or both, and 
report as sulphides in the matte or as various compounds
in the fume. 

(7) 	Nickel for the most part enters the matte as a sulphide. 

-1. Hayward,C.R.: "An Outline of Metallurgical Practice"(l929) p.65 • 

. lbt 
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Blast Furnace Smelting: Early :p:ractic~ vii th blast furnaces of 

circular shape charged v:i th an oxide or 

roasted ore mixed with coke and suitable fluxes, produced an 

impure c o:pper called n:black copper" and a fl-c_id slag often con­

taining two or three percent copper and sometimes more. Later, 

the partly,roasted ore or a mixture of o~ide and sulphide ore 

was smelted in round or oblong furnaces, _the product being a 

matte containing 25 to 45 percent copper and a slag with usually 

less than o.5 percent copper. With present practice and the 

availibility of lump sulphide or~, smelting-, with suitable fluxes, 

a minimum of fuel ( 3-5 percent) and a large volume of air, 

produces a satisfactory matte and slag. The decreased amount of 

f'uel is possible because of the oxidation of the excess sulphur 

and-iron. Free silica fl.me in lump form makes the mass about the 

tuyeres more porous and permits ready circulation of the air, thus 

promoting oxidation. Being free, it is also more chemically 

.active, and assists in slag formation. If it is desired to smelt 

fine concentrates in the blast furnace they must first be either 

roughly rc:iasted or sintered on some type of sint ering machine , 

when about 12 percent coke is required. The purpose of sintering 

is to agglomerate the fine ore and render it more porous, and at 

the same time remove par~ of the.sulphur content and reduce thereby 

the burden of the roasters. 

The shaft of the copper matting blast f'urnace, instead of 

being built of the usual .fire brick, is made of steel or cast ircn 

... 




-- ------ --------- ~-

--

- 74 ­

/ 

water jackets. These are bo shed or sloped inwax·ds ( the end 

ones excel)ted.) and serve to relieve some of the pressure of 

the charge near the bottom of the furnace. The main jackets 

contain feed-water pipes and dis charge overflow pi:pes. These 

serve to eliminate corrosion of the furnace lining, in that 

v;ith the use of such jackets a slag crust rapidly build.s up 

on the inside of the jack.et to form the actual smelting surfa:ce 

and thus protect the iron plate and reduce the cost of repairs. 

Although the loss of heat is much higher than if a fire-brick 

lining were used, the general convenience obtained readiiy 

outweighs this disadvantage. A hood and flue attachment is 

. provided at the to~ of the furnace to collect and convey th~ 

fumes to the dust chambers for nsettling outn. The flue is 

_connected wi t:q the chimney. T4e fUrnece charge is introduced 

through doors from the charge floor near the tor· of the fUrnace. 

Eere specially adapted scales are frequently used to weieh the 

various ·charge.materials in order to obtain the -proper mixtur~s. 

The blast is_ introduced. from the blower by means of the bustle 

pipe and tu.ye res. .A tap-hole and spout at the lower pa_rt of 

the furnace permit the discharge of the molten material into 

a fo~ehearth or "settler". This is & lined either with fire-

clay or magnesia brick and is usually mounted on a truck as a 

matter of convenience. In this settler the separation of the 

matte and slag is accomplished.by gravity. Tapping may be 

http:accomplished.by
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either intermittent or continuous, depending upon the size and 

type of fUrnace concerned. The matte in the forehearth settl­

ing by grav.ity, may be tapped int·o pots from time to ·time by 

means of a spout situated near the· bottom of the receptacle. 

The contents of the ·forehearth must be kept "open" i.e~ in a 

molten state. This is accomplished by having the forehearth 

of a size suitable for the part.icular furnace, so that the in­

flovJing material is a.ble to prevent the whole mass from chilling 

and freezing •. From the settler the slag runs continuously to the 

alag car for conveyance to the slag dumps or to a granulating 

launder. The matte is tapped as it is req_uired by the converter 

department. 

·With the decreasing supplies of rich lump ore.s and an 

increased and improved concentration practice, the utility of 

the blast furnace has been lessened. rt is cheaper to roast 

and smelt the concentrates in a large reverberatory furnace 

fueled vvith oil or powdered coal, than it is to first sinter 

them and. smelt the sintered product in the blast furnace ~ith 

«01'.irn, particularly if, prior to sintering, the ore should require 

a rough roasting. Coke fuel, moreover, is usually more expen­

sive than is coal or oil. Small blast furnaces, however, are 

considered. more economical than small reverberatories, v;hile 

the initial cost of a blast furnace is· less than that of the 

reverberatory type, and its salvage ·value is greater. Future. 

... ·._ ... 

.._ 
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ins.tallat ions of blast fUrnaces will :probably ·be confined 

to small nlants, to short-lived operations, or to such locations 

wherein special conditions would favor the use of the blast 

furnace. 

The chemical reactions of ore fUsion in the blast furnace 

are much the same as those in the reverber2.t ory process. The 

ore charge~ into both furnaces is somewhat similar, although 

the blast furnace charge usually contains more sulphides and 

· 1s ordinarily· coarser. The added factors in this operation 

are the coke, the fuel and the air bla·st. The coke, to a 

considerable extent, persists down to the region of the tuyeres 

where a mixture of c·oke, molten matte and slag will :probably 

produce a variety of simultaneous reactior.s. In that the 

carbon has the greatest affinity for oxygen, carbon dioxide and 

carbon m.onoxide will certainly result. The sulphur will 

likely be somewhat oxidized, as wi 11 some of the iron from the 

matte, producing thereby the desired copper enrichment of the 

product. 

CONVERTI NG COPPER llf.A TTE. 

The object of converter practice is 

essentially the concentration of-the smelter matte to metallic 

copper through the elimination of the iron, and by the reduction 

of the sulphur. This process is fre~uently referred to as 
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" bessemerizing" after the name of the originator of this 

practice in steel production, Sir Henry B~ssemer. The process 

was first adapted to copper metallurgy by John Halloway and 
. 

later ·successfully oper& ted by H.Manhes in France. The bas is 

of c op:per converting is the blov;ing of air through the molten 

matte, producing an ·oxi~ation of FeS and later that of cu2s. 
~ith the addition of a siliceous flux during the oper~tion ·the FeO 

that forms is removed thus leaving cu2s, the precious metals, 

and small amounts of impurities·. Further blowing then oxidizes 

the Cu2S until, at.the point when the sulphur is burned off, 

the operation is stopped, when the copper is in the metallic state. 

The converter used in this process is essentially a horizon­

tal, cylindrical steel shell supported by ties resting on rollers 

to permit partial revolution about its longitudal axis. ~t a 

point about ten inches above the bottom of the s~ell, several 

tuyeres for the introduction of the blast, penetrate the thick 

brick lining. The so-called "acid-lined convert or" was the 

first type used, and was characterized by a thick lining of 

siliceous material designed to slag the FeO formed in the oxidiz­

ing process. Certain features of this type of converter which 

were deemed objectionable include (1) snall capacity, (2) expense 

and space required for the frequent and necessary relining, (3) 

difficulty of control, and (4) the variability of the resulting 

slag. Research ef·forts were .. thus st~mulated and culminated in 

"'" 
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the introduction and growing use of the modern "basic-lined. 

converter" which only came into use as recently as 1909. 

This converter is lined with magnesite brick, which is 
. 

freq_uently protected by a G1a.gnetic slag produced by "over­

'blovlingn some of the c o:pper matte .before any flux is added. 

1Of this class of converter there are t\~ 0 general ty:pes, .knonn 

as the Great Falls Type and the Pierce-Smith. Type.· The 

former is really a remodelled acid.bessemer converter ~hich 

has been lined with basic material. The standard size is 

about 12-foot shell_, but 20-foot converters have a;so been 

used (.Anaconda) • The· Piercc-Smi th ty:pe is somewhat similar 

to, hut larger than, the old barrel type acid converter. Its 

size ranges from 12 to 36 feet in length, although.a 30 foot 

converter is the common size. 

The converter is· charged with the copper matte broueht 

from the smelting furnace either in a ladle by an over-head crane, 

or in matte cars. The charging operation requires the position 

of the converter to be such that the molten matte will not run 

in to the tuyeres. With the proper amount of. chc:.rge introduced 

into the converter, it is placed in i~s normal position and 

the blast, furnished by a blowing machine at 6 to 8 pounds
• 

pressure, is turned on. Siliceous flux may be added in definite 

quantities during the operation. To ·prevent the over-heating of 

the lining, cold material, such as any high copper scrap, is 

added from time to time. The tuyeres must be kept clear and 
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frequent punching with a special rod is necessary in order to 

prevent the accumulation and chilling of metallic copper in 

these air passages. By ~ simDle r~tation of the converter, the 

slag, and later the metallic co~per, may be removed. This product 

known as "blister co:p:pern or 11 converter copper" may be directly 

poured into a re fining furnace_, but generally it is pour.ed into a 

casting furnace, f"romv.1hich it is cast into cakes. 

The chemistry of copper converting is somewhat less 

complex than that of the prece~ing operations. The matte which 

is charged i~to the converter consists principally of FeS and 

cu2s,which two compounds alone are concerned in the earlier stages 

of the operation. The first sign~ficant reaction is expressed 

as follows: 

(1) 2FeS & 302: ·2FeO & 2so2 _ 

The FeO immediately reacts with the Si02 of the flux as 

(2) FeO & Si02 = xFeO.ySi02 

The oxidation of any Cu2S at this stage is ineffective because 
it is im~ediately reduced as indicated in the next equation­

("3) Cu2 o & FeS : cu2 s & FeO 

However, when the FeS is practically eliminated the oxidation 
of the Cu2S, without subsequent reduction, may to a certain extent 
take place as follows: 

Here the Cua formed will tend to unite with·the s102to form 
/ 
a 

silicate and join with the iron silicate as a slag. Upon removal 
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of the slag metn llic co-pper wi 11 be produced, according to the 
eq_uat ion: 

(5) cu2s & 0 : cu2 & so2 
Any oxide o: copper produced at this time will immediately be 
reduced: 

(o) 2cu2o & cu2s a 6Cu & so2 

If insufficient cu2s is present, as is sometimes the case 
towards the end of the operation, the cu2o formed will, to a 
certain extent, dissolve in the blister copper. 

REFIJHNG BLISTER COP:'ER•. 

~lister copper, the product of the 

converter, contains :precious metuls, provicled they vi'era present 

in the ore, and. also some sulphµr, iron c.nd minor ir:ipurities. 

It is also porous and bri t t'le. The purpose of refinine nh~ thods 

is therefore to in.crease the purity of the copper as \'.'ell as 

to i·:.rprove its physical properti 8·S •· Usually the precion S r.J.etals 

are present in ar:iounts. v:hicfi wc:rrant the expense involved in 

their extraction, in ~hich case electrolytic refinin;.is the 

process used. In the absence pf a precious metal content .of. 

ap:preciable amount~ furnace refining l. is prcc.tisod., 1'.'hich 

process will be de~lt ~ith briefly befor~prooeeding to the 

more common electrolytic methods. 

1. ~l ton,C .H. nprinci;iles of :.~etallurry" (1910) :p.237. 

http:refinin;.is
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Furnace Refining: This process is accomplished in t~e revar~ 
. . 

teratory furnace by an oxidizing smelting. The 

molten copper is rebbled, or stirred by long iron tools in order 

to pro::10te the formation of cuprous oxide ( Cu20) ·• This compound 

diffusing throu~h the·nolten copper, gives up part of its oxygen 

content to such impurities a.s arsenic, antimony, iron, bismuth, 

etc., when they are chE.nged into oxides. These either pass off 

entirely ~ith ~he slag, as in the case of iron, or they are 

partly eliminated in the form of slag and partly in the volatile 

state, as Vvi th arsenic and antimony. ~,~rhen the cop:p~r has 

become more or less saturated Vii th cu2o, the "fining" slag is 

skimmed and the copper is "poled" i~e. worked through ~ith long 

po:plar ·wood poles so that the gases thereby produced reduce the 

Cu20 to a small amount. Upon completion of the operation, as 

determined by an examination of the appearance and fracture of 

sample bars, the copper is cast into market shapes. 

Electrolytic Refining: Electrb.lys is is a highly important factor 

in the refining of blister. copper, and at . 

the present time it is the most coramon practice at copper refin­

eries. The basic principle in electrolytic refining has been 
1.aptly stated by Hayward as follows: 

"If two strips of pure co!)per are inserted. \Vi tho:. t 
corttact with each other in an acid solution of 
copper sulphate, and e&ch connected to one pole 
of a battery .or dynamo, it will be found that the 
one connected to the positive pole will decrease 

1. Hayward. C.R.: "Outline of ~·!etallurgical. :practicey (1929) p.88 
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n 	 in weight and the other v1ill increase at the 
same r£te, ~hile there is no change in the 
composition of the solution. If the copper 
connected to the positive pole is impure it 
will be found that part of the impurities eo 
into solution. and pc.rt accur:mla te on the 
surface of the· electrode as slime and grad­
ually drop to the bo ttor.i of the vessel, 
·white the deposit in the other striJ! is :pure 
co:pper. i,1.rhat actually happens is that the 
copper acts as a carrier of the current 
from the.positive electrode or anode, to the 
negative electrode or cathode, and deposits 
as it gives up its charge.n 

~'Let al for electrolytic refining should be rather pure 

to avoid excess· fouling of the electrolyte, therefore it shmld 

first be considerably purified by fire methods. In the process 

of electrolysis not only is the copper highly ~·mrified, but a 

valuable by-~roduct is obtained with the recovery of the 

precious metal content, v:hich usually warrant~ the use· of this 

comparatively expensive operation. Two general processes are 

known as the !.fultiple process, producing about three-fourths 

of the electrolytically refined copper of the United states, 

and the Series process which produces the remainder. The 

processes ar·e so nam(1d because of the peculiar arrangement of 

the electrodes; in the former the electrodes in each tank 

are in parallel, while in the latter process the arrangement. 

is that of a series. The Multiple process will here be discuss­

ed at greater length, while the ·1ess important series process 

will be observed in contrast. 
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The· ~.ful tiple Process: In this :process for the refinine of 

blister copT)er., the preparation of 

electrodes involves a separate operation. The blister copper 

is sent to the electric plant to be CTade into anodes and 

cathodes. The furnace used is of a reverberat ory type with 

a shorter and. deeper hearth. Usually it is fueled vii th oil, 

but some plants favor the use of powdered coal. To oxidize 

the charge, air is introduced by means of steel or iron pip es 

located below the surface of the copper, and a violent agitation 

is thus produced. Additional air may be taken int hrough the 

doors of the furnace. AS a.result of this operation, i~purities 

are either slagg~d or volatilized. Part of the copper is 

oxidized, sane of which is slagged and some causes a saturation 

ot the molten bath ~ith cu2o. The operation is considered 

com:!_Jlete when a sample ·bar fractures easily and shov1s ·a brick 

red color. The product is Jrnown as "set copper". Upon the 

rer:toval of the slag, the char,ge is next covered with coke or 

charcoal, or a mixture of the two. Green tree trunks are 

then inserted in the furnace with their ends submerged in the 

copper. Violent agitation results from the distillation of 

the moisture and hydrocarbons of the vrnod, so that sprays of 

cop~er are projected almost as high as the furnace roof. 

Chemically the reduction of any Cu20 previously formed , is 

accomplished through the agency of the carbon covering and the 



- 84 ­

reducine constituents of the green vJood. This operation is 

com~.ietea. when the amount or" cu2o in the bath is less than 0.5 

:percent; the :presence of· some of this compound being necessary 

to assui1 e sound ca.sting.- T·wo types of machines are used to 

cast the molten copper into anodes, the straight line endless 

chain type, and. the more common Walker wheel, a large ';;heel 

revolving in a horizontal plane. The conper flows from the 

furnace into a tipping ladle v1h ich fills each mold a.s it is 

brought into position belov.i the ladle lip. In the walker 

wheel the speed. of the operation is so regulated that the 

copper is solidified during the time required for a half-turn 

of the viheel. It is then sli-ghtly raised by~ plunger, caught 

in the lugs by hdoks, raised, and placed upon a rack. As the 

mold proceeds by rotation into position to receive a second 

charge, it is sprayed with bone-ash or some other wash in 

order to prevent the copper from sticking. 

The cethodes are thi'n sheets of ·e~ectro+ytic copper · 

pre:pared by deposition on a rolled copper plate, which has been 

either covered with a thin coating of oil or grease, or dipped 

in a solution of mercury salt. The plate has a sharp groove 

near the· edge along which the precipitated copper sheet tears 

when being stripped off. The sheets are about one-sixteenth of 

an inch in thickness and have two loops through.which a ~Opper 

bar is inserted for the suspension of the ~athode in the 

electrolyzing tanks. 
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The tanks in i'.hich the electrolysis takes place are 

usually made of wooa._ lined with lead, but concrete and. a 
1. 

linine of mastic are sometimes used. The usual/size of the 

tanks is 10-15 feet long, 3 to 4 feet ,·;ide and 3i to 4 feet 

deep. .A woad.en framework is frequently provided to protect 

the lead lining. The fl.ow of the electrolyte may be· prom­

oted by having the fanks arr£nged on two or more levels, but 

sometimes one level is used, with a pumping system to circul­

ate the solution. A plug in the bot"tom of the. t~nk connected 

with a lead :pipe, permits the removal of the slimes. The 

arrangement of the electroues is important and various 

systems are used. In the"Walker" system 2 • the current is 

brought in by a heavy cop:per nbus bar" along one end of a 

row of tanks, and it leaves by the opposite end. ·Between 

the tanks are copper 1tequr-.lizing bars" of triangular cross-

sec·tion end. carefully insulated from the tanks. The anal es 

of the first tank ~re in ·con~act with the bus bar, while 

the cathodes of that tank are insulated from the bus bars, 

but are in contact v:iith the eq_ualizer between the first and 
. ' 

second tanks. In .the second tank the anodes are in contact 

v1ith the first eq_UB.lizer and the ca thod.es with the second, 

and so to the end of the series. The current thereforei.proceeds 

from the positive pus bar to the anode of the first tank, 

through the electrolyte to the cathode of the first tank, thence 

1. Mastic- a comuound. made of one uart asnhalt and four narts sand. 
2. Hayward,C.R.:".An outline of Met~llurgical Practice"(l929)pp.101-2 

http:Hayward,C.R.:".An
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by the equalizer to the anode, electrolyte and cathode of 


the second tank, to the second equalizer and the anode of 


the third tank, and in this manner on to the final cathode 


v,'hich is connected v.:i th the negative bus bar. The current 


is usually supplied by severel independent circuits, so that 


one or more may be turned on or off at rdll, v:ithout affect­

ing the entire operetion. At the Raritan Works in Perth 


Amboy, New Je~sey, there are four 1250 Hp.generators, each· 


of which furnishes 396 tanks in series, with a current of 


7200 am~eras at 135 vmlts. The usual voltage of each tank 


is 0.3 to 0.35 and the current density 15 to 20 a~p3res per 


square foot of cathode area 1 • 


The electrodes are·handled by means of a crane which 


is so equipped as to be capable of placing in a tank or 


removing therefrom all the anodes or all the cathodes of a 


tank at once. The anodes are usually removed every 20 to 


. 30 days, v.1hile the oath.odes ll!Itlst ordi nar i 1y be replaced every 

10 to 15 days. .A new set of startine sheets tend to warp 

and so after 24 hours they m~st be individually removed, 

and straiehtened so 4s to prevent any short-circuits. The 

corroded anodes, upon being removed from a tank by means of 

a crane, are washed by means of a hose in order to remove 

the slime. They are then taken to the furnace department to 

be remelted. The cathodes, also removed by a crane, are 

taken to a washing tank, dipped in warm water and hosed-off 

be.fore they proceed to the refining furnace·. 

1. Eaywarcl C.R. :n.An Outline of lfotallurgical Frscticen .(1929):p:p.l03· 
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The Series P'rocess: This refinin.g method differs fror.r the 

~fultiple process mainly in the arrangement 

of the electrodes and the ~assage of the circuit throuGh them. 

There sre no separete cathodes except one at the negative of 

end of the tank. The circuit is completed by introducing the 

current through the electrode at one end of the tank and with­

drawing it at the other end, after it has passed through the 

various bi-polar electrodes between the tv.io end. plates. The 

current thus follows the following circuit: From the first 

elect:rode through the electrolyte to the adjacent face of the 

second electrode, which then becomes a ccthode,i.e. one face 

of the electrode acts as an anode and the other as a cathode. 

The operation continues until the copper in each electrode, 

except the. last one, has been transferred. to the succeeding_ 

electrode. The anodes for this process must obviously hava 

smooth surfaces and are therefore either roll·ed or carefully 

cast. The size of the electrodes is usually from 3i to 4i 
feet in length, 10 to 12 feet \'Jide a..'11d. of a thickness ranging 

from i to 3i inches. When Dractically all the original anodes 

have di sa:p:peared. and the copper deposited on succeeding plates, 

they are removed and the pnrticles of adher~ng anode copper 

are stripped ·off by hand. The· copper is then remelted and 

re fined as in the Multiple process. Haywand 1 • has lis t~d 

1. 	Hayward C.R.: ".An Outline of Metallurgical Practice" (1929) 
pp.107-8 
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briefly the favorable features of the tvJO sy·stems as follows: 

"Points in Favor of ::'ful ti:ple System 

1. 	Iiow voltage across the tanks and therefore few s1:ort 
circuits. 

2. Anodes require no special preparation. 
3. l\To stripping of the ca.thod.es. 
4. Larg·e electrodes mechanically handled. 

Points in Favor of the Series System 

1. Less 	floor s~ace required than in the ~~ltiple system. 
2. 	Less space and therefore less voltage bet~een electrodes 

and fewer loose contacts, save from one-third to 
one-half .of ryower over Hul tiple. 

3. 	No ·starting sheets req11:ired vhich saves labor and 
interest on stock. 

4. 	Less length of bus bars and smaller cross-section than 
in Hul tip le system. n 

Casting: As previously noted the cathodes from both .of these 

::processes are sent to the refining furnace where great 

care must be taken in order to ensure· the highest possible __ : 

purity of the completed "Qroduct, ·which is cast into.such forms 

as wire bars, cake~, ingots,, slabs, billets etc. The operations 

involved are much similar to those required. in the preparation 

of anodes, while the actual casting is the same except that 

the molds vary according to the desired fo~n of the_ product. 

The refinery slag which is small in amount, is returned to the 

smelting furnace. Should the anodes contain much cu2o this 

compound dissolves in the electrolyte to cause its enrichment 

in copper, with a corresponding decrease of the acid content~ 

http:ca.thod.es
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To counteract this some of the solution must be continuously 

withdrawn duri~g the electrolytic process and passed into 

tanks containing insoluble anodes in order to plate the 

excess copper and to liberate the acid.· To overcome the 

tendency of certnin·impurities to build up in the electrolyte, 

part of the solution is withdrawn and replaced. by a nevJ solution. 

Probably the ·most.. satisfactory method of recovering values from 

the with drawn solution is to first treat it in tan1cs using lead 

~nodes to remove some of the copper, the balance of the metal 

may then be obtained by an evaporation of the solution produc­

ing theraby n-blue v"i-triol" (Cuso4 ). If nickel is also present 

and the market warrants its recovery, this metal may be 

obtained as a sulphate by means of a further concentration of 

of the electrolyte. The electrolytic slime which accumulates 

in the tank is allowed to settle after the ·electrodes have been 

removed. The electrolyte is then siphoned off and the slime 

sluiced into a large settling tank, after passing· through a 

screen to remove any large :pieces of copper·. FUrther treatment 

may result in the recovery of some more copper as well as the 

production of such valuable by-products as the precious metals 

i.e. gold, silver and platinum, which may accumulate in the slime 

during the refining process. 

OTHER PROCESSES. 

Pyr it ic Smelting: This method, frequently terraed the "American 

Pree essn consists of an oxidized smelting which 

is carried on in a· shaft or blast furnace where in the .heat 
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is mainly derived from the oxidation of the iron sulphides 

present in· the ore. The amount of carbonaceous fUel required 

is comparatively small, commonly fron 2 to 4 :percent of the 

charge. The weight of the charge is partly sustained in tl:e 

furnace by the Ttboshes~' or inwurdly sloping lower walls of 

the furn&ce, also by the buoyant effect of the rising gas 

current, and by resting upon the liquid content of the furnace. 

In the soel ting process the solid material in the ''focusn 

i.e. im~ediately above the tuyeres, consists chiefly of a 

mass of incandescent silica or quartz, and the earthy base 

constituents of the ch~rge. A short distance above this 

focus tbe sulnhides, as a result of the distillation of part 

of their sulphur content, becor.ie molten. They trickle down 

through the silica below and into contact Yii th hot oxygen 

of the air, to be rapidly changed into ferrous silicate (2FeO~ 

Si02 ) which, absorbing the earthy constituents, passes into 

slag. The matte is the portion of the charge which escapes 

oxidation. Both these products must be in a sufficiently 

molten state to readily permit gr2vitative .separation in the 
,../ 

forehearth or "settler". Pyritic s~eltin~_has met with vary­

ing economic success. Its beat che.nce for success would seem 

to be in those localities Y1he re fuel is expensive. 

Na ti ve Copper Smelting: The smelting of na.tive C02.Jper ores 

re~uires a variation of the usual 

methods. The famous Michigan ore is crushed in stamp mills 

http:becor.ie
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and concentrated before treatment in reverberatory furnaces 

v1hich sor:iewhat resemble the refining furnaces of this type. 

The furnaces are coal fired and the charge is admitted through 

two holes- a snall one for the fine concentr2tes end a larger 

one for the admission of the mass copper. i.~ri th the ore is 

1also added so!1e slag and coal, v~ hile sometimes a limestone flux 

is necessary. The· slag melts in a bout 24 hours and is then 

skimmed off, the metal is tapped into ·a refining furnace 

situated at a lower level. The hearth is then repaired with 

sand in preparation for a new charge. ·The refining is a cc om­

~lished in :furnaces much similar to those U$ed for smelting, 

except that the charge holes in the roof are lacking. If 

arsenic is present,in the charge, soda-ash is blown below the 

surface of the copper, the arsenical slag being later treated 

to recover the arsenic as a calcium arsenate. 

,/
Oxide Copper Smelting: F.arly treatment of oxide copper ores 

consisted of a crude smelting process 

whereby impure "black copper" was produced. I1a~er, with the 

development of concentration methods, such ores vJere m:ixed 

·,~,;ith those of sul:phid.e and smelted to produce a matte for 

further treatment. At Katanga in the ~eleian Congo,~frica, 

there is an extensive oxide deposit estimated at 68,000,000 

tons of 6. 62 percent. co:p:per, but sulphide ores are lacking. 
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~hus the richer portions of the ore toeether with so~e 

con centratc s ore being treated in blast and rr=~verberc_- tory 

f'llrnaces to directly produce metallic cop~er. ~he slags 

are howe yer, hi e;h in cop:Pe r, ao the. t the opera ti on is a . 

vu::steful one. Plans are now m:der way, to ado!)t leaching 

for the low grade materia~ and possibly· substitute it for 
1. 

all the smelting operations·. 

Leaching of Copper Ores: The leaching of copper ores has 

been commercially practf$ed only on 

low grcde material. Processes have been dev0loped for the 

leachinc of high grcde ores or concentrstes, and ~bile no 

installations have yet been made, it is possible that ~ith 

certr.::in conditions su.ch. yrocesses nay prov-2 les:: ex:!)ensive 

than the um19l s;nal ting. Various leeching agents v~Ihich have 

bGen s1J_ccessfully used include: sul:ph11ric acid, ammonia c.nd_ 

Um::l.O!J.iUJ!l Carbonate, ferric S8.lts, hydrochloric acid, and 

sulphur dioxide, the relative effectiveness of vd·:ich varies 

,::i th different conditions. ~re cipi tan ts v,,hich hav:; :pr' oven 

successful are tt.c electric curr,mt. (electrolysis), :.hydro;en 

sul:phide, burnt lime, and. sul~hUl" _dioxide. The earliest 

and.· ~:1ost crude form of this q:peration is he&:p-l0aching, but it 

is still being used under c~rtain u0nditions, ani has &lso 

1. H'-"-.:_,'TJ&rd,C.R. ;tt.Ar: C1Jtlirt.: of Yetallur6iccl PrL.cticc" (1929) ).115 



/ 

b0en T·l'l::..ctised. :J.t var:i.ous :pl~ces for the recov.:.;ry of C8!.J!)0r 

little lebor and no expensive agents except the iron for 

cop~er stock tied up for a considerable time, and the losses 

of cJ:_Jper-bearing solutions through seepac:e j_nto the ground..• 

Physical ProyertiGs: 

:.:elting point: 1083°c. (1982° 'F') 
~oiling point: 2310°c. (4190° F) 
Eoat of Fusion:· 13.20 Cal. 
JHor:i.ic ir.reight: . 63.57 
S})GCific Gravity: 8.65 
~~ocific Heat: 0.0929 
Lineur Coefficient of ~xpansion at 40°c.x 104 : 0.1678 
S:pecific Re-sistsnce, ?·Hch:roms: 1.58 

Slectrical Conductivity (C'u· 100): too.5 
Thermal Conductivity: 0.7196 

Hardness, Mohs Scale: 3.0 
Color: Red.d.ish 

Heche.n ical Propert ie s: 

Tensile strength: Rolled 	annea.led copper, ZO, 000­
40, 000 lbs.per Sq.In. 

Hand dra~n co~ner, 60,000-70,QOO 
lbs. per Sq.In • 

ReC.uction of .Area: 30-60<1a 

Elongation: 25-40'?6 


i 

1. !fayward, C .:R: H_An Outline Gf ~~et2llurt;iCE'~l Pr.s.cticen (1929) 
:pp.l.38-9 

http:JHor:i.ic
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Alloying Properties: 

..11.loys 	 readily vdth '.'fith ·ng. ,J~l. ,?rn. ,zn. ,ed., 
cO • , :r-Ti • , Eg . , a nd the pr e c i ous me ta1 s • 

S 1 i ght ly a11oya'b 1 e v.; it h Fe . , ~. f o • , 1.'! • , Cr • , i f th e 
metal is pure and more readily in the 
presence of Si. 

Alloys 	easily v:ith its O\'m cornrrnunds, es:pecially 
with cu2o and cu2s 

In a molten state, alloys soMe~hat with H., co., 
snd. so2 • 

Chemical B-eh.s.v ior: 

In -the 	 so 1 id. state, it is· fairly resistant to dry 
oxy§en at lower temperatures, but above 
·100 C. it is easily ox.id.ized., v:ith cuo and 

Cu20 formin5 on the surface. In a da~p
atmosphere basic salts VJi th oxygen and 
·weak acids are readily formed. 

In the 	6olten state copper exhibits a ;rcat 
affinity for sulphur. Immersed in ~oiling 
sulphur it is gradual.ly changed to Cu2S· 
Of the acids/only those oxidizing acids, 
HN03 , hot concentrated H2S04and aq_ua. regia 
act as solvents of cop~er. Diluted and 
weak acids will affect conner in the 
presence. of air. co~per does not evolve hyd­
rogen from acids. 

/ 

SP~CI.AL V.ARI:ETIES OF COPPER. 

In addition to the usu~l forms of refined 
1. 

copper, cert a in other special varieties are produced by 

so:Je peculiar variation in the treatment of the molten metal. 

1. Encyclopedia Britannica; Vol.VII (19107 1) pp~l03-.4. 

http:SP~CI.AL
http:gradual.ly
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"Bean-shot" copper is obtained 'by throv:ing tte molten metal 

i~to hot ~ater, while if cold ~ater be ~ubstitut~d, the 

resulting :product is called "Feathered-shot" copper. nRosctten 

copper is obtsined as thin plates of a characteristic dorl-red 

color, by pouring water u:pon the surface of the molten metal 

and remov ir.e the crust thus formed. If the copper i_s poured 

into ingots weiehing from six ounces to one pound, _and rapidly 

c ooted by im."lrnrsion in v;ater, rr Japan" copper of a purple-red. 

color is produced. ttTile" copper is an impure copper obtair:ed 

by refining the first furnace tap pings, v··.:hile the purer me~al 

is incJ,.uded in the variety ter_med nnest selected" copper. 

I. 
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Fi~. J;_. OUTLINE OF :METHODS FOR THE TREATJ.!ENT OF COPPER ORES (a} 

Copper Ore 
I 


( 	 I 
Oxidized Ore 	 Sulphide Ore N;:i:;~erI I 


lRh I Jgh 
 I 
High Low 

Grade Grade Grade Grade Grade Grade 
Hi Low 	 Low 

I h
I 	 .l 
~oarse Fine Crush Coarse Fine 	 For Smelt Crush 

treat­ in R.F.I I l 	 I I ment, (c) 1. 
Hx with Mix with . Leach Smelt Roast see Concen­
~ump sul­ fine sul­ Fig.II. trate 
>hide ore phide ore tMt)· 	 f 'I 

md smelt or concen­ Smelt 
.n B.F. trates and in R.F. -Smelt 
(l) (b) smelt in 	 (3)(!c) in R.F. 

R.F. (2)(d) 	 (c) 

(a) 	From Hayward,C.R.: AnOutli~e of Metallurgical Practice (1929) p.20. 

(b) 	"B.F~ represents Blast Furnace. 

( c) 	11 R.F 1! _represents Reverberatory Furnace. 

(1) 	If preferred may be crushed and treated as fine ore. 

(2) 	 In order to pre-heat it may be mixed with the fine sulphide ore be­
fore roastimg or added on one of the lomer roaster hearths. 

(3) 	If preferred it ·may be sintered and smelted in the blast furnace • 

. I 

/ 

http:sul�Fig.II
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Fig. II. OUTLINE OF THE TREATMENT OF A LOW-GRADE SULPHIDE COPPER ORE (a) 

Ore 
r 

(l) Mine 
I

(2) 	Crush 
t

(3) Concentrate 

Concentrates 	 Tails (0.2-0.3~ Cu.)I . l
(4) Roast (b) 	 Waste 

I
(5) Smelt (Blast Furnace or Reverberatory)

I 
I 	 I 

Slag (0.2-0.5% Cu.) 	 l·!atte (30-45% cu.) 
I 	 J

Waste 	 (Q)_coyverter 

I 	 I 
Slag (:!:.2%GCu.) Blister Copper (98+% Cu.)

I 	 , t 
Re-smelt 	 .(7) Refining Furnace 

I 
Cast into Anodes (t99.5% Cu.)I 	 ­
(8) 	Electrolytic Refinery

I 
fI

Cathodes (t99.7% Cu.) Mud ( :!: 20% Cu. ) 

" ~ ' 

(9) Melt, Refime, & Cast. (10) Treat for Au.&.Ag. 
. ( 9 9 • 9% cu • )

/ 	 I 

I 	 I .Ingots Cakes WireI Bar 

I I 


Foundries, Sheet Cop:per Wire ' liills 

Brass Works, Etc. Works 


(a) From Hayward,C.R.: An Outline of Metallur~ical Practice (1929) p.21. 

(b) This is omitted in pyritic smelting. 
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rv. THE us=s OF COPPER 


~7hile the marked utility of copper is at the 

present time generally conceded it is probable that compara­

tiveiy fe'.~-" _persons fully appreciate the extent of the uses 

to which this metal may be applied. Canta in:in g as it does, 

severel desir8. ble physical and chemical qualities, copper 

occupies a prominent place in modern civilization. ~ith the 

development and use of e lectiical power copper has b~en one 

of the essential minerals utilized. The improvement of 

transportation and cor.cununicatio~ facilities have opened. new 

fields for the metal. Today steams.hips, railways, automobiles 

and aeroplanes are using increasingly large quantities of 

copper,·while telephone, telegraph and radio developments have 

·a.epended much upon the availability of the metal. Light and 

-pav.1er, modern conveniences so common in every day activities, 

are brought to us and utilized by means of copper conduction 

wire and apparatus of varied types. Construction and 

structural work hav·e proven co-pper to be both useful and 

ornamental. ~-~any more spheres of human activity have demon­

strated the adaptaoility of this versatile metal. Innumerable 

articles are either· made partly of copper or fashioned by 

copper tools and machinery. Thus at the present time this 

metal has a very wide range of uses and its importance cannot 

be over-emphasized. 
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Based on deliveries frorJ refineries the total primary 

copper used in the United States in 1926 for the :production 

of rrnre or unalloyed corype r products was a bout 79%, the 

re~aining 2~% .being used for brass, bronze and other cop~er 

alloys. These respecti~e amounts of copper were made into 

the follo1.dng forms: 

T.ABLE III 

COPPER USED FOR COPPER-~:!:J:TliJJ PRODLJC TS, 79rfa 

mnT::::D ST.ATES' 19261 

Form 
Percentage of Copper 

used for 
J?ure Copper Products 

Perc

Co:o:per 

entage of 

consumed 

total 

in u. s. 

17ire and rod. 
Sheet 
Tube 
Hiscellaneous 

79 .4 
16.l 
3.5 
1.0 

62.7 
12.7 
2.8 

.8 

100.0 . 79.0 

l. Roush, G.!-I.: ,,.The :Mineral Industry during 1926" (1927) p .204. 
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T.ABI.E IV 

CO~?ER ~SED FOR COPPER-~LLOY PRODtCTS, 21% 

U1:TITZD STll TES, 192 6. l. 

Form 
Percentage of Cop per 

tt1se d for Copner .Alloys 
Percentage of 

Copper consumed 
total 
in u.s. 

Sheet 
Rod. and r-.rire 
Tube 
Castings 
Yi:is cellan eous 

35. 
20 
30 
10 

5 -

7.4 
4.2 
6.3 
2.1 
1.0 -

100 21.0 

To illustrate the diversified utility· of copper the estimated 

consumption of the metal in the United states in 1926 is 

given, in the following Tab le, in terms of short tons• - · 

1. Roush,G . .A: "The :-aning Industry during 1926n (1927) p.204 
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T.At·LE V 

l. 
~ST r:A TED -CONSU'lJIPTION OF COPP::~R 

UNITED STlTES,1926 

:Sle ctrical manu.factures 201,000 
Tele~hones & telegraphs 90,000 
Light and power lines 117,000 
Trolley wire 7,000 
~:are and rods 74,000 
't':ire cloth 7,000 
Steam railways electrified . )400 
...~u tom ob i 1es 102,800 
.Automobile brake-linings 1,700 
Buildings 50,200 
Locomotives 2,900 
Railway cars 6,150 
Air-brakes 2,000 
Ships, commercial 2,100 
Ships, naval 400 
Bearings and bushings 38,000 
Valves and pipe-fittings 26,000 
.Ammunition 5,700 
Lubricators etc. 5,000 
Condensers 2,000 
Fire-fighting a:ppara tus 2,700 
.Agricultural machinery 1,100 
Cash registers 400 
Copyer-bearing steel 1,350 
Coinage 950 
Radio-receiving sets 5,000 
Clocks and watches 4,500 
1:ashing machines 4,700 
~ater heaters, household 4,000 
~?ater· meters 3,750 
Refrigerators, electric 15,000 
Other us es 55,900 
Manufactures for export 49,900 

Total 890,600 

1. Roush,G •.A.: "The Hineral Industry dnring 1926n (1927) p.205 •. 
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~LLOYS OF con~ER. 

l.7hen quantitatively considered, alloys in 
general are of more importance in industry and the arts than 

are the pure metals, and their ap~lication is steadily increas­

ing. A metallic alloy is a mixture or union of metallic sub­

stances vwhich, after melting does not separct e into two dis­

tinct liquid layers. The components of an alloy are separate 

bodies havine distinct and peculiar entities of their oun., and 

may be either ·elementary substances or chemical compounds of 

substances. The number· of copper alloys that have been produc­

ed is almost infinite, and only some of the more important 

groups i;;i 11 here be discussed. 

Co:p:per-Tin Alloys: This group is important bee ause it contains 

th·e bronzes so widely use cl for art" castings 

and for certain industrial purposes. Bronze is an alloy formed 

wholly or chiefly of copper and tin in variable proportim.s, 

ranging from 100-70 percent copper to 0~30 percent tin._ Char­

acteristic properties of the bronzes are the greater fusibility 

and hardness, and the decreased malleability as compared with 

copper. The bronzes are particularly adapted to casting. 

Ce~tain varieties, differentiated by the relative proportim s 

of the constituent metals include the following : 
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Gun-metal a soft bronze; Cu: Sn:: 16 :· 1 

steel-bronze Co:pper plus 8% tin. Tenacity and hard.ness 
are increased by rollin3. 

:Sr onze Cu : Sn : 7 : 1. a hard brittle,sonorous 
alloy which is temperable to a fine edee. 

Be 11-metal Cu Sn 3-5: l 

S:Deculum-metal Cu Sn : : 2~2-5: 1 

Statuery ~ronze 80-90 percant ~u plus Sn. or Sn-zn-Pb. 

British & French 
Copper Coinage 95% Cu; 4% Sn; 1% zn. 

llnti-friction }~eta ls: Co:p:per-tin alloys , v; i tt antimony in 
ad.di t ion. 

eg. "Babbit's Jti:etal" origino)-ly Sn : Sb : Cu •• 
24: 8: 4: but now the. t.in con· tent ··1s often 
higher. 

Phosphor-bronze 	 a bronze alloyed. with phosphorous, which 
increases the q_ual ii:y and strength. 

~~a.ngane se-bronze 	 a bronze alloyed ~ith manennese • 

...r...luminium.- bronze 	 a bronze alloyed with alu1ninium, often 
nearly or completely ·lacking in tin. 

Silicon-bronze 	 a bronze alloyed. \·:ith silicon and :baving 
increased tensile streneth, and therefore 
is freq_uently used for telegraph wires. 

Co:pper-.1'.lumini1Jm .Alloys: These alloys constitute an im~ortant 

series .in that they contain the ~aluminium 

bronzes". In this group the range of __composition for industrial 

pur~oses is limited. for the bronzes, and lies between 100-89 

percent copper and. 0-:-11 :percent aluminium. .Alu:ninium bronzes 
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have great tensile strength and are especiblly resistant 

to rapidly repeated alternatine strcss0s. 

CoDper-Zi~c Alloys: This is an important series, as it 

co n ta ins t he ~:, e 11-kn own oras s e s r. 1-: i c h 

are mainly, if not entirely alloys of copper and zinc. 

Brr:ss is r;idely used in the arts. Its superior hard.ncss 

rnz.kes it wear r:cll and it can be c~rnt or readily drawn 

iD.t~ fins v:ire or formed into rolled sheets and rod.s. It 

t8kes a hieh polish but tarnishes on exposure to the air. 

Depending upon the pu.rpose for v:hich the alloy is to be 

used,. its composition varies, 

"~iie-brass"has the composition 72% cu, 28% zn . 

. Common brass has the composition 66 2/2% cu, 33 l/~%-zu. 
and is u~ed for sheets, ~ire, tubes and 
pipe-fittings. 

n:,Iuntzn metal is 60% cu, and L.bQ~ z~. rt is f.18.llcable 
and is used for bolts, n~ts, etc. 

"Delta metal" 	is 56% Cu, ani 42~ zn, \·:i th frequently a 
srnal 1 pe.rcen t age cf :tron. rt is used 
~here added streneth is desired. 

The brasses ranee ·in cor.'.rnosit ion from. sovs cu and 10~ zn 
__.__ 	 I I 

to 

16~ Cu and 84% Zn, but they usually contain mare thun 50% cu. 

Co~per~Gold Alloys: Particular interest centres ~ound these 

alloys in that they are lareely used in 

coinage and in the manufacture of. jewellry. The a. lloy is harder, 



- 103­

less ualleable and more elastic than the pure metals. Th~ 

add-it ion of a little copper gives to th·e gold a reddish tint, 

while nore than 12 vercent renders the alloy less malleabl~ 
". 

and more difficult to ~ork. 

Cop p~r- Si1ver .Alloys: These alloys are of great ind.ustri al 

importance. il'.1 the manufactur.e of such 

silver articles as silver-plate, jewellry and also coirage. 

Standard sterling silver is somevvhat less ductile end 

malleable than pure silver, as well as harder, but it is 

readily rolled into thin sheets or draVJn in to fine wire. 

Copper-nickel .Alloys: These enter in to the com:posi tion of 

German-silver alloys of copper-nickel-zinc 

and an allo~r of copper-nic1rnl is also g_ui te extensively used 

in she et-metal '-'"ark of various J<:inds. "J".,!onel-metal" is an 

alloy of copper and nickel Y:ith some iron added, and is of 

the composition Ni 68-72%, Cu:26.5-30.5%, Fe:l.5%. At 

Sudbury,Ontario, it is possible to produce this product by 

the dire ct refining of the nickel-copper matte· :in to an ~lloy 

instead of first separating the ~espective metals. The alloy 

is ductile, flexible and easily worked., v:hile it can be real ily 

soldered and brazed.. It is used quite extensively for roof :in g 

purposes in the place of copper, then which it has much greater 
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strength and resistance to corrosion. 

Co~per-steel Alloys: Small amounts of copper inpart properties 

to steel similar to those obtained VJi th 

nickel. Additions up to 0.30 percent also retard corrosion. 

Increasing quantities of this materic.l are being marketed in 

the form of sheets and tubes. 

Of' the lengthy .list of alloys issued. by the .American 

Society for Testing :l\iaterials,Philad.elr)hia, s9me representative 

meCTbers in general use are given in- Table.VI. 

/ 

http:in-Table.VI
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V. COPPER PRODUCTION CONSUJIPTION .AND CONTROL 

THE PRODUCTION OF COPPER. 

Prior to the last few centuries the 

~uantity of metals available for man's use was almost insig­

nificant in comparison with the supply now utilized. In 

earlier times copper was J·ealously guarded in the treasuries 

ot kings, nobles and :persons of considerable wealth. Mining 

operations were usually confined to ores o~ a metallic or 

ox.idized nature and generally to those near the surface, so 

that large-scale production was not commonly practis.ed. The 

increased demand for oopper following a· ·growing appreciation 

of its utility, sti~ulated research in an effort to produce 

larger quantities of more utilizable metal. Discovery of 

the alloyable qualities of copper. proved a deciding factor 

in the increased production and use of the metal. BY the 

end of the eighteenth century, improved mining methods through 

the introduction o~ gunpowder. the mine pump, the rook drill 

and the steam engine together with a better understanding of 

metallurgical principles and processes, ultimately resulted 

in an increased production of a better grade of metal. It 

is probable that the annual output of 18,200 tons (See Table VII) 

as indicated at the beginning of the nineteenth century, rep­

resented the culmination of mining and metallurgical progress 

of several centuries. The development of electricity, how­

ever, provided the most pronounced impetus to the technical 

http:practis.ed
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applications of the metal, and by virtue of its electrical 

conductivity alone copper is now produced and used in 

enormous and increasing quantities for all types of ele ~trieal 

work. The rapid increase in oopper production is en e of 

the outstanding features of the metal industry of the last 

few decades. 

In considering the development of copper produotial 

all tonnage figures given in this paper are exp~essed in 

terms of the standard short ton of 2000 pounds. where necessary 

the required conversions to this denomination have been made 

in order to lend uniformity for purposes of oomJ;B rison. 

world production: Sinoe 1800 Vt>rld p'roduction of copper has 

exhibited phenomenal increases. While output 

from the time of the ·:r1rst utilization of the metal, up to 

the beginning of the eighteenth century, has been estimated 

at less than one million tons, this is a relatively insig­

nificant amount as compared with a world production of over 

45,000,000 tons up to the year 1930. Of the output of copper 

between 1800 and 1925 about l.25% was produced in the fµ-st 

quarter of the last century; 2.5% from 1826 to 1850; 5.75% 

in the next twenty-five years; 18.75% in the las.t quarter of 

a century and as much as 63.5% between 1901 and 1925 .(see 

Fig.III). A second significant feature of world production 
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COPPER AJibYS, wit~ 
1

percentagea of the various mei~1sCa) ­

Gilging
. __,__ 

: 

Commercial bronze 

88-10-·2 

Rich low brass 
. 

Low brass 
;: I 

Admiralty 

Cartridge brass 

2: 1 Dlixtur·e pipe 

High brass 

Nickel silvers 

Nickel silver (18%) 

Nickel silver .(LO%) 

Free-turning brass 
~ 

Naval. brass 

Forging brass 

:Manganese bronze 
.. 
Muntz . metal ' 

i 

~ ~ 
.• l

l Percentage of 

Copper · Tin 

95 . 


90 


.88 10 

85 
. 

80 

0.970 
. - . 

,_. 65-68 
. . 

64.5-67.5 

55-70 (Ni.18%) 

·64 (Ni.18%) 
-. 

.64 (Ni .10%) 


60-63 
 . 

59-62 0.5-1.5 

58.5-61.5 
•I 

1.5. 

59-62 

57-60 (Mn.0.3) 

I '• 

Lead Iron 
'· 

I I . . 
It 

: I~ . 

• 

o.Q7 
. . 

I 0.05 

a.a . 0.07 ... .~· 

0.30 . : 
,; 0~05 

, 

.· J 

2.2~-:-3:25 ! 0.15 

0.20 I! 0.06.. . .. I 
1-~?~2.5 , ll 1.15 

0.2 f 2.0. •.. ii . 
0.50-10 IIII O.o7-0.i 

Zinc \ 

5 


10 . . 

2 


·15 


20 


29 

Remainder 
, 
Remainder 

Remainder 

Remainder 
tj 

Remainder 

Remaind~r 

Remainder 

Remainder 

Remainder 

Remainder 

Remainder 
I • 
I 

(a) Roush, G.A.: "The Minaral Industry During 1926" (1927) p.207

I. 
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since the beginning of the last century is the marked change 

in the geographiaal :production of the metal. Du.ring the fir st 

half of the nineteenth century, Europe produced 63% of the ­

world's copper; South .Amer iea 17%; AS ia 13% and North America 

5%. In the succeeding fifty years North American output 

increased to 37% of the world's total production, while EU.rope 

produced less than 30% of the total production, South America 

accounted for 21% while Australasia, Asia and Africa contri­

buted the balance. Considering the nineteenth century, North 

America has in the first twenty-five years produced 66%; 

South America 11%; Europe 10% and Africa,Asia and Australasia 

the· remainder. In the period 1926-1930 North America 

accounted for approximately 56.3% of the world's copper; south 

America 18.01%; Europe 8.2%; Africa 7.6%; Asia 4.5% and 

Austr~lasia 0.7%. While the North American continent has rel­

atively fallen in production ~t is still undoubtedly the lead­

ing copper producer of the world. Further, it is to be obser­

ved that the Americas have togezher produced in the last five 

year period almost 75% of the world's copper. of these years. 

Table VII has been compiled to show the production statistics 

tor the world with the amounts and percentages of continent 

output by decades from 1801 to 1930. During this period 

the copper production of the world constantly increased, and 

this fact is strikingly represented in the accompanying 



801-1810 

. . . 
\ 

I 

- l07a -
i 

;
' 

J - • ·' 

TABIE VII, COPPER~ . PRODUCTION OF TEE WORLD - By Continents and Deoa
1

de ; - 1801-1930.. (In short tons ot 2000 pounds!) . ( a ) 
I 

. - ... -------=.--..I AFRICA ASIA. AUSTRALASIANORTH AMERICAWORLD SOUTH .AMERICA EUROP.E l 
..DECADES 

PRODUCTION 
 PRODUCTION 

. ' 182,000 

-


1811-1820 188,496 


[821-1830 
 273,504 896 

1831-1840 364,.448 10~730 

1841-1850 493,808 65,856 
. 

1851-1860 I 759,079 94,640 
. 

1861-1870 .138, 081 

1871-1880 

l,1~9~344 

1,423,744 
 221,245 

1881-1890 2,488, ·591 
 870,904 
-

1891-1900 4,149,353 2,393, 506 
-

1901-1910 7,628,334 5,127,971 

1911-1920 12,187,347 0, 219, 061 
• • t

1921-19'30~ .-i5, 210, 687 8,994;308
(b) . 

. TOTAIS 

i . - -=-=- ·~ ·--­

PRODUCTION PRODUCTION PRODUCTION %. PRODUCTION. PRODUCTION " 
. ... . ,.­.. . ,,.. .._ .. - . .. I • 

31,360 17.2314.46 124,320 68.31 
• 11 31,360 16.6413.96 130,816 1 69.40 .... 

. 

16.380.33 14.54 188, 048 68.75 ' . 
.I. 

44~800 12.292.94 59, 920 16.44 .248,999 68.33 
. 

. 44;aoo13.33 109,192 21.91 257,376 52~13 
• I-. ()). 49 . 44,8003,753 39,81512.47 251,227 33.10 324,844 42.80 l 

. . 
8,512 o.74 3.41 85,120 7. 4 1 12.0l 510,641 32.00 

. 42,112 
 38,080 123,648 . 8.6815.54 551,779 38.75 446,880 31.39 
I 

. . 2.8571,,033 
 "117,032 4.70 . 4 . '1 234.29 462,014 . 19.09 853,.065 34.45 t 
. 

• I l 7·5, ~13 1.85 248,329 141,74737.08 322,130 7.92 968,428 23.84 I- I . . . I - I 65,659 
 0.86 441,542 5.79 377,219 4.9467.23 537,.067 1,078,876 1 14.14 
.,,. . 

288,606 
 2.37 427,932~57' 93067.44 1,221,012 1;.172,·005 I 9.62 '10..02 
.I I, I ­ -- 7.51 771,185 5.07 .154,330l, 142 J 95259.13 2,797,122 18.45 1 307 800 I a. 59 I, ' 

46, 498, 735 (cl26, 137 : ·198 14.9 11,697,840 
I 
3.6 

. 
2,755,218 

. 
1,481, 938 

. 7,470,047 16.l ; 
,------;(a--):--A~d~a-p~ St_a_t-~Ls~B-~-~-e-au-L~~~~M-~~~~~-s~~--t1-.-__ _1 ~-----1~~---_t-e~d-f~r-o~m~s~t-a~t~i-st-1-.c-s.L..-o-f--th--e~U-n_i_t_e_d__ - _ -ir--~~--_i_____ ______ ·· 1-.~~--~_i_~-·-

• .. ... • • ,. • ... - - ... • .. ~ - .. ' '"' • It .. I !Iii" , -. I 

(b). From the Year. Book· of the American Bureau of Metal Statistlcs t [ 930 • . . ·' 

I 
• (c) This total includes 42,900 tons from sources oth·er than those l~ ated; . 

.,.this represents but . 0.09~ or the world tonnage from 1301 t~ 193P. 
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diagrams( Figs.III and Iv) which respectively represent . 
. . 

the increase by quarter centuries and by decades. Table 

VIII gives the world production of copper by five-year 

periods from 1881 to 1930, while the accompanying diagram 

( Fig.V) graphically represents the .trend. It indicates 

that production was high during the period 1916-20 and that 

in the succeeding five years output receded, but in the last 

:period it had resumed approximately its normal rate of 

increase. Consideration of the ann'Ua.l production of copper 

from 1881 to 1930 ( Table IX ) reveals the fact that the 

output of this metal was remarkably steady until disturbed 

by the World War, when, during the years 1916-18 a·marked 

inorease is noticeable, followed by a more decided reaction 

towards decreased production until a gradual recovery comm­

enced about 1922 and continued until 1929. Production in 

1930 showed a decrease of 377,132 tons. The corresponding 

diagram (Fig.VI) gives a graphic representation of this 

annual production from 1881 to 1930. In it has been included 

a trend line based on a five-year moving average up to the 

year 1913, when the production disturb~noe began. Its dotted 

projection is continued to the year 1930. The increasing rate 

of production as indicated by the trend line can hardly be 

expected to normally continue. Since the beginning of the 

n~eteenth century production has shown an average increase 
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FIG. IV. Avarage Annual World Production, by decades, 1881-1930. 
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T.:\J3LE VIII. WORLD COPP~a PRODUCTION' J3Y FIVE-YEAR '.PERIODS (a) 


1'381-1930 (In Short Tons) 

FIVE-YJ~AR PERIOD PRODUCTIO:N ANNUAI-' Avrm...\.GT~ 

1881-1885 1,105,809 221,162 

1336-1890 1,382,782 276,556 

1891-1895 1,726,305 345,261 

1896-1900 2,423,048 484,610 

1901-1905 3,357,378 r;?l,476 

1906-1910 .. 4,2?0,956 854,191 

1911-1915 5,366,397 1,073,2?9 

1~16-19~0 6,820,944 1,364,189 

1921-1925 5,910,?31 1,182,146 

1926-1930(b) 9,088,536 1,81?,?0? 

(a) United States Bureau of Mines, Economic Paper.l. (1928). 

(b) Year Book, American Bureau of Metal Statistics, 1930. 

11~i---------------------------------------1 

''oor----------------------1 
~ 1~q----------------------------------__J 
~ 
~ 
~ 
~ ~ 
~ 
~ 

l'UGt-------------------------------1 
~oot--------------------------1 

FIG. V. Average Annual Worid Production, by Five-year Periods 

1881-1930. 
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TABIE IX. World Production of Copper, by Years - 1881 - 1930. (a) 

(in short tons) 

PRODUCTIONYEARPRODUCTIONYEAR 

797,7771906
181,342 


1907 


1881 


794;704202, 0361882 

! 

820,1041908
224,306 


1909 


1883 


912,241245,005 


1910 


1884 


946 ,130253,120 


1911 


1885 


980,761241,089 


1912 


1886 


1,102,509250, 538 


1913 


1887 


l,'090, 629
294,803 


1914 


1888 


1,027,051291,0181889 
 . 
1,165,4471915
305,334 


1916 


1890 


1,518,622316,672 


1917 


1891 


l,575,281352,249. 


1918 


1892 


1, 574, 256
334,928 


1919 


1893 


l, 095, 617 ­353,493 


1920 


1894 


1~057,168368,963 


1921 


1895 


614, 536
422,838 

934,927 

1896 


1922
454., 531
1897 


l, 354, 796
1923
480,904 


1924 


1898 


1~479,577519,336 


1925 


1899 


526 I 995
1 1
545,4391900 


1,629,1401926
580,0ll 


1927 


1901 


1,764,818615,0521902 

l928(l) l,891,610656,4821903 

l929(l) 2,127,104726,9921904 

l930(l) 1,749,972778,8411905 


(a) United States Bureau of J.Jines, Economic Paper 1. (1928). 
( -r \ '\T,...,n ..... "'Onn1F n.P +.hA hmP-'ri CR.TI BUEea.u of Metal Statistics, 1930. 
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of 180 percent for each quarter century. This rate ot increase 

would require an output of 72,000 1 000 tons in 1926-50, 200,000,000 

tons for 1951-75 and 565,000,000 tons for 1976-2000; a total of 

862,000,000 tons for the present century as e.ompared with 

that of less than 12,000,000 for the preceding one. world 

oopper resources could hardly be expected to adequately meet 

any such demand. 

Production by Continents: Re~erence to Table VII reveals the 

fact that the world-production of 

copper for the 130 years between 1801 and 1930 was approxim­

ately 46,498,735 tons, of which total North Amerioa, though 

not beginning production until the third decade of the last 

century, produced over 56% with a total output of about 

26,137,198 tons. Eu.rope produced the second largest amount 
Q 

during this same period with an aggregate tonnage of 7,470.047 

tons, whieh represents about 16.1% of the total. south 

America was ~h1rd with 6,913,504 tons, or 14.9%. jsia,Afrioa 

and Australasia ( the latter including Australia,New Zealand, 

Tasmania and Papua) combined to produce a total of 5,934,966 

tons, or 5.9%; 3.6% and 3.2% respectively. Europe was the 

leading producer of copper up to and including the decade 

1851-60, when it accounted for 42.80% of the output, while 

south America was second, producing 33.10% and North America 
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third with 12 .47%. In the 
~ 

following decade South .America 

displaced Europe as leader, the two continents producing 

respective1¥ 44.43% and 32.00%, wh~le the North Amerioan 

output represented 12.01% of the world's copper production 

of that period. Two decades later (1881-90) South .America 

was obliged to give first and second places to its northern 

rivals- Europe and North America, the for~er once more 

assuming the leadership with 34.45% while North America 

was but fractionally behind with 34.29% of the world's 

copper production for the decade. south America dropped 

sharply to 19.09%. The following ten years saw North America 

assume the leadership which it has since held undisputedly. 

This continent reached its highe$ proportion of production 

in the War decade (1911-20) when it produced 67.44% of the 

world's out:put. In the same period south Ameriea onoe 

again resumed second place with 10.02%, while EU.rope accounted 

for 9.62%_ , Asia rose to 7.04%, Australasia receded to 3.51% 

and Africa inc~eased its output to represent 2.37% of the 

copper produced during the period. In the last decade (1921-30) 

the order remained the same except that Africa, increasing its 

production, accounted for 1.51% and moved up to fourth plaoet 

while North America, Australasia, Asia and EU.rope all lost 

relatively. south America, fast recovering from its temporary 
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lapse ~n produotion earlier in the century, aooounted for 

18.45% of the copper produoed. The accompanying chart 

{Fig.VII) has been prepared in an effort to represent these 

relative production movements of the period under disaussion. 

Produotion by Countries: The United States 12 decidedly the 

largest copper producer of the world 

and in 1930 its output was 710,690 tons or 40.61% o_f the 

copper production for that year. Chile and Canada followed 

in second and third places with 244 9 683 and iol,833 tons 

respeotively. These three countries have been the leading 

producers of the world, accounting in 1930 for l.107,206 

tons, or over 63% of the total tonnage for that year. Fourth 

and fifth places in 1930 were held by Japan and Mexico with 

87,924 and 75,365 tons respectively. RU.ssia with a 1930 

output of 53,643 tons; Peru with 52,476 tons and Spain and 

Portugal with 46,475 tons, were next in line, followed by 

Germany and Jugoslav1a, with respective tonnages of 29,762 

and 28,064 tons. Other countries produoing over 10,000 tons 

a year were Norway, with 18,688 tons, and Cuba with 17,963 tons. 

United States: At the present t1Ine the United States is 

the leading copper producer of the world, 

beginning production in the decade ending 1850, in which I> eriod 
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it accounted for but 0.54% of the world's production. It 

assumed the leadership in the decade 1891-1900 when its ou.tput 

was equal to 37.08% of the world total. ProductiOD gradually 

increased until in the war and post-war period (1916-20) 

this country produced 60.24% of the world's copper with a 

tonnage of 4,108,993. Subsequently United states production 

has receded relatively and in the period 1921-25 its output 

represented 52.4%, while in the last five-year period (1926-30) 
. ­

an aggregate tonnage of 4,397,656 tons, or 46.34% was produced. 

Production in 1927 in this country fell slightly below that 

of the previous.year and in 1930 less than 70% of its 1929 

tonnage was produced. The latter recession is probably due 

to the marked curtailment practised by American producers 

in which polioy other.countries have since cooperated in the 

experimental mani:pulat ion of copper :production and marketing 
l.

and in an effort to stabilize the price of this commodity. 

Table X contains the production figures of the united states 

by five-year periods from 1846-1930 in terms of- total tonnages, 

while Fig.VIII graphically represents the copper output by 

five-year periods from 1881-1930. 

Of the various producing states of this country, 

Michigan ~as the earliest producer of importance, until 1887 

when it was surpassed by Montana, which was in turn displaced 

i. Postaa, pp.127-30 
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TABLE! X. COPPER-PRODUCTION IN THE UNITED STATES, by FIVE-YEAR 

Periods 1846-1930. 

(In short tons and based on smelter output) 

PERIOD PRODUCTION ·PERIOD PRODUCTION 

:l;.846-1850 2, 576 ·1891-1895 846,638 

1851-1855 10, 360 1896-1900 1,327,718 

1856-1860 31,136 1901-1905 1,830,473 

1861-1865 
. 

46,980 1906-1910 2,451,242 

1866-1870 62,272 1911-1915 3,051,566 

1871-1875 85,680 1916-~920 4,108,993 

1876-1880 124,·8ao 1921-1925 3,099,996 

1881-1885 294,337 
.. 

1926-1930 ~l}4,397,65 
. 

1886-1890 526,0~7 

(l) 	 From the Yearbook o:r the American Bureau of Metal 
Statistics; other figures are those of the United 
States Bureau of Mines. 

SO<>r------------------1 
Boor-------------1 i------i. 

i'OOt-----------~ l'-----1 

FIG. VIII. Average .Annual Production ot the United.States by 
Five-Year Periods - 1881-1930. ' 
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in 1907 when Arizona assumed the leadership in copper production 

of the States. With the· exception of one year, this producer 

has held the leading position. In 1903 Utah rose to assume 

fourth place, while in 1926 it ranked second, the order of the 

f~rst six producers then being as follows: Arizona (41.93%); 

Utah (14.92%); Montana (14.78%); Michigan (l0.06%); Nevada (6.27%) 
. . 

and New Mexico (4.76%). 

Chile: During the nineteenth century Chile produced 18.42% 

of the world's copper while in the first quarter of 


the present century 7.56% of the total output was Chilean copper. 


From 1801 to 1850 production in this country gradually increased, 


then more rapidly to 1870, after ~hiah a recession continued 


until the end of the century. The first quarter of the twentieth 


·century showed the Chilean copper output to be rapidly increasing 

and this continued to 1929, when 348,365 tons·were produced. rn 
the suooeeding year, production dropped violently to about 70% 

of the 1929 tonnage, a movement notiaeably paralleling that for 

the same time in the United States. 

Canada: In 1930 Canada held third place among the oopper 

producers of the world. It began production on any 
,,,..1 

appreciable scale in the five-year period ending 1885, for 

whioh period its output amounted to 5.365 tons. From 1886 up 
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to and in~luding the year 1930, Canadian production of 

1
 copper amounted to 1,466,137 tons • The most notioeable 

inorease in copper produotion in. Canada was dur_ing the f :ir st 

five years of this century when more than three times as 

muoh copper was produaed as in the preceding five years. 

Table XI contains the production· statistics of Canada from 

1886 to 1930 annually, and by five-year periods. 

The present copper-~roducing areas of Canada lie in 

British Columbia, Ontario~ Q~ebeo and Manitoba, while small 

quantities of the metal have been intermittently produced in 

the Yukon. Occurrences of copper are known to exist in that 

part of Northern Canada included in the Northwest Territories, 

but any suoh potential producers are only in the initial 

stages of exploration, and do not come within the seope of 

the present discussion. Prior to 1886 very little eopper 

had been produced in Canada, the five-yeampreceding that 

·date having accounted for only 59365 tons for the whole ·area. 

In 1886 Quebec ores supplied 1670 tons of copper, which 

tonnage then represented 95.3% of Canadian output, 1he balance 

of which came from Ontario. In the year 1894 British Columbia 
. . 

eame into·; production with 162 tons, which at that time rep­

resented about 4.2% of Canadian copper tonnage. Previous to 

1. 	Figures from Annual Report on the Mineral production of Canada, 
1929, and ~reliminary Re:port on the Mineral Production of 
Canada,1930. These figures slightly excee~ (by 243 tons) those 
of the .American Bureau of Metal Stat istiea .(1930) and of the 
U.S.Bureau of Mines (1928). 
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. -~ABU XI ~AI. PRODUC'l'IO.it~ OF COPPER IN CANADA. ... 1886-1930 . L ... 
~fudiug Production tonnages of' the Provinces, with their oorrespondi~ .• 

·_. · ~~ Peroeptages ot the Dominion Total. ... 

CANADA BRITISH· COLUMBIA ONTARIO MANITOB 
VL1an · ~~O . · ,; . .YUKON 

L£4AU ir-~
, -----------.-~~~~,-~-:-t-~~~-.~~---tj~~~~--.~~-i!-~~·:---~--=-t:_;__~--1-~~-=-=.:.:::...~__J 

.PRODUCTION PRODUCTIO. 

1885 1;_752 

1887 
 1;630 

1888 
 2,781 

1889 
 3~391 

3,.007 .
1890· 
·.~ 	 I .. -! 

12,·a&l 	
' ..

1886-90.. - r , 

- .......
4~76 51891. - .. 
· 3~5441892 
4~055 
3~854 - ~- 162. -} 

1893 
1894 

3.aa5 . . 470.1895 

20,.1os · 	 638.1891-95 
• . ~ . J: " 

4.697 1,-909 .1896 
6,650 2,663 .1897 
8,874 3.630 .1898 
7;539 3 ,861 ..1899 


1900 
 9,.469 41. 989 . ­

3'1,229 17,058 ,189&-19 
·.. :,, 

l8j914 . 13~802 
·1902 
1901 · 

19~342 14;818 " 
1903 21,342 l7jl80 

. 1904­ 20~692 17 ~855 ." 
1905 24,047 18,845 

1901-05· 104,337 .-· 82,501 


1906 27~883 2lj495 
1907 28;483 - 20,416 .., 
1908 26j'12l 18,521 .. 
1909 26,246 17 j829 ' 
1910 27,840 17,&35 

1906-10 137.1'19 

l9ll 27·;824 17 ,640 .' 
, 	 1912 38, 915 25,263 

1913 38~489 22,896 \> 

. 1914 37 ;869 20;610 ". 

1915 50,393 28,346 
.. 

~ PRODUCTIOli 


SM~•fF=~~-· 

·t • 559 : 
. ' 
. '. 1;170 

. ·~1:-~!Z 
. - ~ l, 531 

? ... 
' . 

.. 

;: .4·, 933 

J -., It 

54.6% I 95,672 .38.1% 10,081 	 -~~ .0%1916-20 250,882 . '.; 
(, 

, .. . ..,
' . ~.1921 23,812 17.224 6,411 	 177 . . ;;, 

i;1922 21,440 1~~958 , 5;472 ' 

1923 43;440 27.612 15,828 

1924 52;229 32;726 18,557 ·945 

1925 55, 725 34,oll 19,859 i,·255 


_1921-25 ~~96,646 · 128 ·141 . 65.2% 66_,127 53.6,& 2,378 - l.2 	 ·I _-	 ...___..__ ,_.,......_. -· ... ' ~ 	 ---~ ~·--

·==s:~==~i--.~. ~~~~-~.~-1-~---
• o'i .,;:·I . .J.926 66,f547 44 t D54 ~ 20 t 656 .. :' · :" .~· ., l, 337 	 I '•. 

• I l .; .~· :- .. I J .!' : ~ , • ' .. ~ 	 . ,.1927 '!'1.0 .074 .. 45. 843 .l • ' l " ~~ • 22, 671 ._:., ~ I ," · " l, 560 • ' ·~ ' •• •~~ • •' ' ._ • ' 'l I 1 


:1 • • ' '·~ :t• 1 I :"' .... ~.... ~. '~ • : :1 \
f • •: ;! •, °':1928 lOl.349 ·51;142 t:~ . : i ·.,33;304 . ·, :'.. 15,849 ~ .. ..: ... . 


1929 ·124,061 , · ~l,952 · 44.440 ... ~. ·1 . ,. • 21 ,66e 

1930 151,679 4e,616 63,865 40,155 


I • 0 2(tf ' 
., 

.; 

54 1 <11• ;o 	 01926-30 513,710 240,107 46.7% 1~4,936 
I 

1 36•0%. 87,570 .0110 

5 n7 · ~ .• 40% -. 6,512TOTALS·. ,46o,l3? . . 816,127 55.6%14Q6.04? ,33.84 141,4?8 . .. , 11 fl ,.., 	 0. 44/~ 
, . ..... .L .

• 4 •• • • • • • •• ••• 

89966 
lljl25 
12;943 

. : 14;474 

.19,681 · 


1911-.).5 193,490 114, 755 .: :59.3]& 67,189 

' I ' 1 

I 

1916 58,575 31,821 . 	 22,498 

1917 54~595 28,865 ':. 21,434 

_ 1918 -' .?9d85 _ . 31;433 · 23~ 537 
- 2"2.25 	 - 12,·173 ­1919 37~527 

i .22,6601920 40,600 ' 	 . i 
16,030 

' 
~-

' 

~ ODUCTION '/. ODUCTION , , ,& RODUCTION - % 

l0.933 87.0% 

2~.'101 

2 ·442 . .~:~-~ ? 


. ... 	't 
.. . 	 . l ~ '2;234 ;. 

. ~. . ~ ~-(_; - ::i;oae · 	 .. 
. . . ' 	 . .l,D2l 	

; . 
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• f ........ 


.. 

" 

".. 
; 
I 

- . 
.. 	

- -. 
1~204 
lj23'7 

l,050 


'816 

l,llO 


!. ... 
39.6~ 15,417 14.6~ 

764 
820 ... 
576 


. 380 _: 

Bil . .-~ 

11'1.7'f, ' 3, 351 5.2% 	 .t -. 

.99l. 	 .. L-. 	 '181.: :759 \. 
,· 	

:r ;__ :.. .. 25&
64:1 	 ~· .. • t'' .. A.. 0 

.. 	 .. ' ~ - . :• ( . 5G544 .. ~ · . \ . . 
' 439 	

, 

143 

~.374 533 0.4% 

1~218 
1;641 006
i;12a 922 
2~ 101 . 684
2,099 267 

'. 

.34. 'l'fo . 8,787 	 . . 2,759 

2;852 1;"404
2;508 	 ... l,230
2;935 	
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1906 Yukon had produced some copper whieh was included in the · 

amount for that year, making a total of about 78 tons. In 1917 

the Province of Manitoba began production, turning out 558 

tons whieh at that time represented· slightly over·1% of· the 

Canadian Copper output. Production during· this and the 

succeeding three years was from the relatively high grade ores 

of the Mandy 1\{ine. ·Exhaustion of these ores necessitated the 

curtailment of operations until such time as improved minmg 

and treatment facilities in that part of the province make 

profitable the extraction of the lower grade ore remaining 
in that particular property. From 1921 to 1929 .this Province 

shipped no ore, but in 1930 a shipment of 1,043 tons was made 

from the newly opened Flin Flon mine in the same part of the 

province. 

The writer has compiled Table XI which gives Canada's 
. . 

annual production by provinces from 1886 to 1930, with the 
. . 

totals and percentages which eaoh province contributes every 

five years to the corresponding Dominion totals. 

.,. 

Japan: The main producer of copper in Asia has been japan, 
. .. 

which country in 1930 accounted·tor over 87% of the 
.v 

Asiatic copper, though. this was then but little over 5% of 

the world's copper. Production in Japan showed a very 
~· 

repi4 

increase during the period 1881-1920, and while the following. 
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five-year period revealed a recession, succeeding years have 

indicated a recovery. 

Mexico: This country yielded third place to Canada as a 

copper producer only in the year 1926, ·but has sitloe 

consistently fallen farther behind the ~atter country. The 

greatest expansion of Mexican production was during the first 

five years of the present century, when copper output was 

advanced ~ore than three-fold as compared with that of the 

preceding period. 

Russia: An increasing production from 1881 to 1895 occurr­

ed in Russia, while ·1n the following period the out­

put. was decreased. In the last five years under review,how­

ever, Russian copper output increased more than tive-fold 

fPld this advance was maintained to the end, the increase 
/ 

being from 9,967 tons in 1925 to 55,643 tons in 1930. 

Peru: - The second largest producer in south America is 

Peru. Coming into prominence in the last five years 

of the nineteenth century, it continued its spectacular increase 

of production up to the ~eneral recessive period (1921-25). 

following which recovery was made and maintained to 1929. 

Production iu 1930 showed a decline. 
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Spain and Portugal: Together these two countries were 

the leading European copper producers 

from 1801 to 1929, but. in 1930 Russia assumed the EUropean 
,;/ 

leadership when the former countries produced 46,475 tons 

as compared with the 53,643 .tons of f{Ussia. 

Other C oun tri ea: England, the leading producer of 

Europe in the earlier psrt of the nine­

teen th cen~ury,_ accounted for.44.25% of the world's copper 
-

in the decade 1831-40 when it produced 161,280 tons. 

Decreased production has since been pronounced, so tha~ 

at the present time its output has been·relatively insig­

nificant. This striking decrease may be chiefly att~i-

buted to the exhaustion of·the Cornwall and Devon ores. 

Australasian production, which in this paper includes the 

combined output ~f .Australia, _New Zealand, Tasmania. and 

Papua, commenced in the .1841-50 decade, and increased to 

a maximum in 1911-15~ after which it has steadily decreased 

until in 1927 a slow but gradual.recovery was begun and 

maintained until 1930. · .. Belgian Congo has rapidly increased 

production since 1871. In 1930 the total amount of copper 

pro.duced by Africa amounted to 10.4% of the world's total 

tonnage of the metal for that year. 

http:for.44.25
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The accompanying table ( Table XII ) of the world production 

Of copper reveals in comprehensive form the aopper producers 

of the world, together with continent and world tot8ls, cover­

ing the p'ost-war period, 1919-1930. 

Recovery of Secondary Coppin': With. favorable mar.ket condi tiom 

the recovery of scrap copper 

seems to offer considerable possibilities as a factor in 

adding to the available copper supply of the world In the 

years 1925 and 1926, with the average New York price of 

copper at 14.042 and 13.795 cents respectively, recoveries 

in the United states were reported in short tons, as in Tabl~ XIII. 

THE CONSUlIP.rION OF COPPER. 

With an increasing knov1ledge and 
appreciation of the utility of the metal, the consumption of 

copper has grown. Progress from the earliest times, when the 

value of eopper was first recognized in the making of crude 

weapons, tools and other· implements, until the present day 

with its finely finished copper products, represents a wide 

scientifio and cultural advanoement of mankind. Any estimate 

of the amount of eopper consumed in a given period is rather 

a difficult task, even in the oase of recent or current times• 
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TABLE XII1al WORLD'S PRODUCTION OF COPP.ER 

COUNTRY: 1919 1920 

· ~ 

' -(1919-[ 930 (in short tons) j 

1921 

I 

1922 1923 1924 

, 

1925 - 192~5 1927 . 1928 1929 

118,690. 1,026.348
I 878·,000 . 847,419 935,199 75,365 .86 ..759United States ao4,e4a 635;248 238;420 511;970 7 54, ooc 819,000 

' 

63,760 7~,579 151,833. 62,~03 121.151Mexico 66,661 ' 49~866 .13; 576 29;842 , 60.53E l 5?,13g 70,698 969634 . 64,l.24 16.740 17,963
Canada 39;789 .39.121 22;632 1 25~300 40,230 50,0?2 . 15,538 18,869 

;~ ·13,0~4Cuba 10,991 7~491 e,600 ll,788 . 11~ 962 f -12, '742 ., 
955,851... " ' 99~ ~41·5 i.123 ;281 i,·249. ggs.. 11.017 ,461Total North Amerioa . '122~ OS3 '131,''126 ;>78,900 866,731 1 938,953 

I . . I .,.. " ' ' • ' 

' .-SOUTH AMERIOAt . . ' 
• , \ ?,700 5,400I 

I . • ~~ !I r 1 ? • 100 7;850 . , .89300
. 7 ,500 . • I• 348.3~5 244,683II •Bolivia 7;'114 ' 10;910 10;674 10;154 ' - 11; 744 . a,200 264,242 319,549 ~ '· ·52.476Chile 87;721 · 109;075 65;299 142.830 201~042 208,964 212 150 223~015 52.644. 58,453 59;980 . 

Peru 
r 

43,243 f 36 356 36~689 40;133 ! 48~684 3'1.410 . ' 40:635 I:' • 4a.~27 
j ' 

~ 
•., * II 

~ . . 150
Venezuela · ' 700 ·aoo . 1,075 ,' • l.17f I 1,230 i 1 ; 5QO·. - ~ i.ooo 

I . l . ti • 
. '•386~302' 

~ 324..886261"· 785 t 279. ~~42Total. SoUth .America . 139~378 ~94~ 192 , 262,646 1· 265-.ao4' - • q . . I> • ' , ... .. ' EUROPE: . . . . 4~028 
Austria 713 . 1;747 . 4;600 5~050 . . 5~327l 4,242 

' . 

z.301 
29,762France · 952 '., 1~718 2,395 3;199 6j204 1 2,568 
28,064German1 .. 17.384 19, 015· 20,944 19;841 20~282 1 . 25;132 

. 18,688Jugoslavia· l,332 2.684 . 4;376 5; 756 7, 536 . a.978 
53,643Norway ;482 '613 6.311 10~598 e;a1& 10''•913•· 46,475Russia 2;205 2,205 3!, 63'7 
,l,323Spain & Portugal 38;581 40,234 57;115 61,839

Sweden , . 4,442 6'1 5, 180 ' z'.oat> 
- . 185,~90 

. Total Europe ·. 63,896 ea.• g50 i12.eee j i20·,3g&
j 

IAS!+ \ I 

; . f 87j924 
, · ,. . Japan 13,00086j468 74,'127 60i 579 . . .65,417 \

Other Asia i,·09a 593 i;2ao . .810 J .100,924 
'l'otal Asia ' · 87,:566 ·75,320 

.. 
61,859 

'. 
60,825 66 •. 227 ?l.822 . .. 17,156' .. . i' . ' .. 

. . 18,118 ' ' 29,327 13,'154 19,995 ie•111 
,, 

". . ' 
' 

. 182,680 
AFRICA 54,548 ' 

33,708 42,601 68.219 80,41~ i i1e,300 
5,5125 ,·512- . ' 4,409

OTHER OOUNTR+Es . 4,409 3,307 3,307 3, 307 3__i 307 __: 4_t409 
·- -. . .,. 

1.682.361 1~891~~10 i 2.-121.104 ~..749.972 
:GRAND T ' O TA L S:l,069,:998 l,082,652 601~·.913 996.147 ~.411,980 1•522•3g4 . . . l . . . . T 

.. '• 

(a) ~rom the Year »ook of the American. Bureau ot U~tal Stat1stics,l9~q . . 
~. .,• 

' . 
I , ~ ' -------'--- ----­

ii • 
' " 

I '16 · 889 • 
! , 

13 ' 5'78 . t ' ' ' . 
118.,670. . .• . .. 

' . 

• ! 

. . 
83,189 ' 
,8,800 . ' 

• j· • ' . 

'I . 91.~ 9$9. . 
l . . -

15,979 

.1'72t56l'. 
'l­

. 

. . 

. ' 
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TABLE XIII. RECOVERY OF SECONDARY COPPER IN THE UNITED STATES (a) 
(In short tons.) 

SOUHCE 1925 1926· 

. 
Recoveries from new scrap (not including brass) 

from old scrap (not including brass) 

from new brass scrap (averaging about 
70 % copper 

50,000 
-­ •' 

200,600 

7.9 '200 

__ p5,000 
~ - • t 

226,700 

' ' . 

87,500 

from old brass scrap (averaging about 
70% Copper 90,410 

.. 

110,600 

Total Recoveries • • • • • . • • • • • • . • • • • 4 <-120 '210 479,800 

(a) Roush G. A.; The Mineral Industry During 1926, pl58. 

TABLE XY. ESTIMATED COPPER CONSUUPTION BY I:rfi>ORTANT ATurERIC.AN USERS (a) 
in 1929 and 1930 • 
. (In short tons) 

USER . 1929 1930 INCREASE DECREASE 

Electrical Manufactures 

Automobile Manufactures 

Building 

Manufactures for Export 

Telephones and Telegraphs 

Light and Power Lines 

261,000 

137,600 

59,000 

74,900 

164,000 

127,000 

221,000 

86,900 

50,000 

71,100 

122,000 

130,000 

I­

.. 

2.4% 

,,,.,. 15. 3/b
". 

36.8% 

15.2% 

5. l;'ib 

25.6% 

·(a) Figures from the American Bureau of Metal Statistics. 

http:ATurERIC.AN
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The oocompanying table (Table XIV) of the estimated eopper 

oonsumption of the world has been prepared by the American 

Bureau of Metal Statistics 1 • It covers the Post-War period 

1919-1930. Here, as is pointed out by the Bureau, the 

eonsumption is com~uted, except in the case of the United 

States, according to the formula of production, plus ~m~orts, 

minus exports, with certain allowances for changes in stocks 

where such figures are available. Wherever possible the 

statistics of refined copper have been used. Obviously,this 

method arrives at an estimate of the copper available for 

consumption, ~ather than at the amount actually used; there­

fore conclusions from this table must not be drawn too closely. 

The figures used are in metric tons of 2,204.6 pounds. 

A study of Table XIV, with particular reference to 
' ­

the 1930 statistics, indicates that the United States is the 

chief copper-oonsuming country of the world, utilizing about 

46.7% of the 1930 consumption of. copper, and 53.5% in the 

peak year- , 1929. Germany in 1930, held second plaoe as a 

copper consumer, but used slightly less than one-quarter the 

amount ot metal consumed by the form.er country. Great Britain 

and France followed closely in third and fourth pos1tiorl=lres­

pect1vely,· while Japan, Russia and Italy, considerably smaller 

1. Yearbook of the American Bureau of Met~l Statistios,1930 p.39. 
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.TABLE XIV. WORLD'S CONSUMPTION OF COPPER - 1919-1930 (in m~trio toy:J .•. .. . •I• . . 
I . - - ~ ' ·-. ,, 

4 

COUNTRY 1919 ·1920 1921 1922 . 1923 = 1 1924 1925 1926 ,1927 ' 1928 1929 1930 
I t , 

- . ! I . . .. 
t]nited States 516' 992 605,.564 296, 995· . 500 813 I 652,912 686,364 73a,·ooo 820,300 748,'600 p92,200 i,015;000 733,700

' Canada 13,000 l3;ooo 13,000 _10,000 1 10,500 15,400 11, 5.00 15, 900 • 15,600 17,400 , 20,600 , ia,·ooo 
' 

...!. ' -'= . . . 
1:036,.100'I'otal America ' 529, 99~ 618. 564 309,985 510,813 673,4~2 701,764 749,500 830~' 200 764,200 909;oQO 751, 790 

I I I ' j 

. 
5;600 9,600 12,300 t :; ·. 

18:600 lZ,?00Austria · . 4:,000 2,400 13,~00 ia,·aoo 15~' 200 lo,'9oo l7,300­. . 
Belgium 9,000 8,100 2,500 5,900 1 8,200 11 ll,.100 17,500 21,000 24~.. ooo 25~. 000 . -2~,000 29,000 
Czechoslovakia a,ooo a,ooo 9;\000 8,100 8,900 12,·300 15:700 12,.8.00 13,300 19,400 14,600 17 ,000 
France ...._ 55~400 68~400 50,.~00 82,.500 i15, 200 I 132,'300 118,,100 114,'ooo 90,600 125,600 138,.a·oo 133,200 
Germany 24,000 73,7QO 126' 500 148~200 97' 300 l 131,,300 232, ·200 167 ,·400 263,000 253;700 216;400 185,900 
Great Britain 97,500 102,200 67,900 45,700 ..101,200 ' 135~900 136,500 139~. ooo 149,400 157,100 . 149,_700 145,400 
Italy 68·,400 . 14,700 .10, 000 35~ 000 1 42,800 52,.400 65~.600 67' 500 60,900 77 ,.300 55,·ooo 50,.900 . 
Russia ..,: -, . 4~800 6,000 7 t 000 ! 9,000 · e· ooo 9 ''500 24,000 44,000 50,400 58,000 70;000. ,. I 

Spain ' 
I a,100 5, 500. 7' 200 . 9,800 12,600 9~900 13,000 14,200 12,800 17·,800 i4;·000 9,.300 

Sweden ' 
18,100 19, 500 ..4, 300 10,300 9,700 16 ,_000 

I 
17 ,,000 . 16, 700 18~100 21,600 26, 500 26,900 

Switzerland · a, 200 7,000 4,,500 7,500 9,400 ll;.300 9~200 a,aoo 12,900 15,.600 13,600 14,900 
Other Europe 3,000 3,000 3~000 5,500 4,500 9;000 16,590 22,500 28,000 38,000 40,000 35,000 

- - ~-=-= 
~ ~ ~ 

' 
·--­ ~- ; .. 

Total Europe 305, 700 320,500 301,000 377,800 431,200 543,400 669,600 6.23, 100 733, 900 e20,·100 I 768, 900. 731;000 
. -' ' .. . 

1apan - 61,900 84,900 78,500 74,400 70,400 64,000 .74,_400 a1;aoo 75,800 82,100 '71,200 70,300 
Other Asia 10,200 8,900 10,100 22,100 22,500 31,600 13,·ooo 12,200 9,100 9,300 a,200 9,500 

~ ~ -= ~- ~ 
I 

= 

. l . ·. . .. .. 
94:~000 84:900Total Asia 72,100 - 93,800 88,600 96, 500 92, 900 ; 95,600 87,400 91,400 ·79,400 79,800 

. . . 
3:000 

. 
Total A.trio a 

. 
3,000 3,000 • 3,000 I ·3, 000 3,000 5,500 . ;:· ~ ~ 500 3, 500 3,.500 3,500 3, 500 

. 
. s:ooo 9:700 . . 9:1500 ' 

t 
.. 

g; ooo Total Australia e,o·oo a;ooo 3,800 . 7' 000 . 8,500 9.000 7,900 5,000 
_:­ ~~ -~ 

-

·­
~ ,_ 

~ . . . • I 

~.· 353,464 
. . 

l~'.: 832~~ 500 .1.·a95 ; goo;i 
. 

GRAND TOTAL s; 916;792 i;o43,864 . 706,385 994,113 i;207,512 1,518,500 l, 566, 300 1,595~500 1).,571,· 000 
~ 

-"'­
- c - ~=~ ~ - -= -= -

I I 1 
) .. 

. . . ,. . . 
I 

(a) From the Year Book ot the American Bureau ot Met.al Statistics, .l.930. ~ . ' ' 

,.. . 
I . . 

I . 
]I. 

.. 
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consumers, were successively next in line. With relatively 

few exceptions the increased consumption of copper has been 

quite consistent during the twelve-year period for which 

statistics are available. Aggregate world oonsumption, how­

ever, receded in 1921 but rapidly recovered once more, while 

in 1930 another sharp decrease was indicated, both of which, 

recessions in consumption may be attributed to the acuteness 

of the corresponding economic situations in those years. 

Despite the decreased production of copper during 1930 

there was a wide gap between production and apparent consumption. 

In fact consumption in 1930 was reduced to the point where it 

was not quite equal to that of 1927. The most ma·rked falling­

off was in the United States. where the use of copper was 

decreased by about 17.5 percent, due mainly, as shown in Table 

XV, to slackness in automobile manufaotlll'e~ and decreased 

utilization of copper by telephone and telegraph companies. 

Consumption in other countries was reduced to a lesser 

degree, the greatest decline occurring ill Germany where 

fabricators and other users of the metal, having praotised economy 

during the World. War, resorted to a considerable extent to the 

use of copper scrap. 
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THE 	 TREND OF COPPER PRICES. 

The study of the general price 

movements of the last fifty-odd years, has lead economists 

to distinguish two distinet cycles, viz. the period of falling 

prices from 1874 to 1896 and that of rising prices from 1896 

to 1920~1 -The causes of the former recessive movement hav& 

been attributed to suoh factors as improved machinery and 

the_ application of soientifie principles and methods in the 

production of cheaper substitutes; to increased foreign supplies; 

to decreased interest rates, and importat~on and transportation 

charges; and to improved communication facilities. The succeed­

ing cycle of rising prices has been- regarded as closely related 

to the increasing gold supplies of the period, particularly as 

a result of the influx of this precious metal from south Africa_ 

at that time. The latter cycle thus corresponds to the period 

of ·rising prices associated with the increasing supplies of gold 

during the period 1851-1875, chiefly as a result of the opening· 

up of the American and Australasian fields. 

In general, the prices of non-ferrous metallics fell 

more than the average during the former period ani rose above 

the average in the second cycle. The supply of copper increased 

rapidly during the first period and it has been estimated that 

the copper stocks of the world 1nereased 97 percent during the 

1. 	K.W.Taylor and H.Michell: "Statistical Contributions to Canadian 
Economic History" Vol.II ( 1931) 
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years 1872 to 1885. In the seoond period it is evident that 

the increased use of copper, particularly in the United states 

outweighed the increased output. of the metal. In that period 
. . 

the price of this commodity rose from 11.~ oents to 16.8 cents 

:per pound. 

In the year 1872 copper reached a high of 30 cents on the 

Toronto market. The general recession of prices then took 

copper down accordingly and with the exaeption of the extreme 

temporary rise to 30 cents on the sane market in the summer of 

1876, the general price trend was distinctly downward to 19.33 

oents in 1879. A temporary recovery for three years culminated 

in the rise of the ·price to 21.04 cents (Toronto) in 1882. In 

the succeeding year came a world-wide financial crisis and 

general commodity prices fell drastiaally. Copper at the same 
1. 

time was swept to a low of 11.0 cents ( New York market) in 1886. 

The accompanying table and chart (Table XVI, Fig.IX) 

represent the trend of average prices from 1886 to 1930, as 

based on the quotations of the New York market. On the chart 

are revealed five distinot and rather evenly distributed prioe 

peaks. The first three peaks, of about similar proportions 

but successively higher, are followed by the abnormally high 

war-time peak of 1916-17. Since the World war prices of copper 

have been most erratio. Reacting to a low of 12.5 cents in 1921 

1 •. 	It bas been found necessary to use Toronto prices of c oppa~ for 
the :period u:p to 1885, after which the New York market quotations 
... .. - -- - 9' -- -- - .!I 
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TABLE XVI. AVERAGE PRICE OF COPPER, PER POUND, NEW YORK MARKET. 


1886-1930 


YEAR. PRICE {$)PRICE ($) 1
YEAR 

0.129821909
1886 
 0~1100 
j 

' ' 
0.12739 


1888 


1910
o_~;l.125~1887 


0.12376 


1889 


1911
o.1666 

o.16341 

o.15269 

1912
0.1375 

1913 


o.13eo2 


o.15751890 


1914 


0.17275 


o.12s71891 


1915 


1916 


0.11551892 


0.272020.10751893 


0.271801917
0.09561894 


0.246281918
0.10761895 


o.186911919
o.1oea1896 


0.174561920
0.11291897 


0.125021921
0.12031898 


0.133821922
o.17611899 


0.144211923
0.16191900 


0.130241924
o.161171901 


0.140421925
0.116261902 


o.137951926
0.132351903 

: 

I 
 0.129201927
o.12a251904 


0.145?01928
o.155901905 

o.1s107·1929o.192781906 


0.129021930
0.20004 


1908 


1907 


0.13200 
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FIG. IX. Trend of Copper Prices, 1:386-1930 - 1'Tew York Market. 
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prices gradually recovered and in 1928 and 1929 soared to an 

average high of 18.l cents in the latter year. In the follow­

ing years a rapid recession of priaes has been recorded, with 

1930 showing an average of 12.98 cents. The year 1931 contin­

ued the decline, and in March, 1932 an all-time low record 

of 5.75 cents was reached, and to date very slight reooverie~ 

have been made. 

COST OF PRODUCTION. 

There 1 s a wide range in the producticn 

costs of copper. They depend upon such variable factors as 

the location and nature of the deposit and the efficiency 

of operation and management. curtailed production increases 

the cost. per pound of oopper.· In 1930 nineteen copper mining 

companies produced 685,000 tons of copper at a net cost, 

exclusive of depletion, of 9.73 cents per pound. These com­

panies included organizations in the United States. Canada, 

Me~ico and Chile. In 1929 the same number of companies( of 

which all but three were the same) produced l,045 1 500 tons 

of copper at a net cost, exclusive of depletion, of 9.65 oents. 

While the two estimates (See Table XVII) are not strictly 
. - ­

comparable, .certain interesting observations may nevertheless 

be made. The influence of a year of depression upon the industry 

is suggested in the reduced operating expenses, decreased taxes 
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TABLE XVII. WEIGH11ED AVERAGE COSTS OF A.i)[ERICAN COPPER PRODUCTION: (a) 
(All figures in~cents per pound of copp~r) 

1929(b) 1930(c~~ 

Operating • • • • • • • • • • • • • 

Taxes, interest • • • • • • • • • • 

DepreciatioD:. • • . • • • . . • . • 

Miscellaneous expense • • • • • • • 

Total • • • . • • • . • . . • 

Sundry metals • • • • • • • • • • • 

Miscellaneous income • • • • • • • 

Net costs, after depreciation • • • 

Copr:ier output, millions of pounds • 

• 

• 

• ; 

• 

• 

• 

• 

-• I' 

• 

~ 9.92 

It 1.21 

1.07 

~ 0.13 

~ 12.34 

~ 1.52 

1.17 

9.65 

2,091 

9.51 

0.84 

1.05 

0.01 

11,41 

1.20 

0.48 

9.73 

1,370 

(a) 	After Strauss, s. D., Assistant Editor, Engineering and 

Minine; Journal. 

(b) 	 Includes P.helpsiDadga, Kennecott, and Cerro de Pasco, not in 

1930 list. This estimate made by G. W. Tower. 

(c) 	Includes Consolidated Coppermines, Greene Cananea, and Walker 

lfining, not in 1929 list. This estimate made by s. D. 

Strauss. 
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and interest charges, and lessened depreciation charges. 

As a whole, and before deducting credits, the 1930 charges 

in the accompanying estimate were nearly 0.9 cents per 

pound lower than in 1929, that is 11.4 cents as compared 

with 12 .3 cents. 

·COPPER RESERVES .AND WORLD OPERA TING CAPACITY. 

World Cop~er Res~rves: A compilation ( Table XVIII) of the 

copper ore reserves, has been made 
l. 

by the Amerio.an Bureau of Metal statistics. It includes the 

names of the va~ious producing companies, the location of 

their operations as well as the officially reported ore 

resources at the time indicated. The production of each 

company for the year .1929 has been included to give some idea 

of the number of years of prospective production, if one 

assumes the output of 1929 as more or less of a maximum. 

The estimates are admittedly subject to eonaiderable 

change, espeoially as regards developing properties, so that 

the actual raserves may be found to be either greater or 

smaller than those included in the table. Probably the group 

most subject tQ radical changes of estimate are the African 

properties now in the initial exploration and development 

stages. Recent as are these estimates, several marked changes 

1. Yearbook of the American Bureau of Metal Statistics,1930 p.18. 

http:Amerio.an
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. !TABI.E XVIII. COPPER ORE RESERVES, as officially re:i;)orted.(a) 

' I
) : 

r------:=:::-:-:=::----------------------,--~------------~r-----,----;;~:-:":'~·~:-:--,_~~ _:._ -r--------------:--r-__:·------~~-------I I 
. COMPANY 

UTiITED 8T.A'"1,ES 
Bagdad

Consolidated C~ppermines · 


-Inspiration 

]J!iami 

Nevada Consolidated. 


Old Dominion 

Phelps Dodge (Burro Tu1ountain) 

Phelps Dodge (J!orenci) · .· 

Phelps Dodge (Copper Q,ueen) . 

Uni.ted Verde Extension 

Utah .. 


C.Al~ADA 
Abana .. 
.Falconbridge .. 

Granby Consolidated. 


. :Hudson Bay 

International Nickel 

l~oranda 
Sherritt Gordon 

Waite Ackerman Montgomery 


CUBA,.. MEXICO, SOUTH AllERICA 
· 1',!etahambre Mines 
Phelps Dod~e . (:Moctezuma lvline) . 
Andes 

Braden 

Chile Exploration (a) 


A]'RICA ­

Katanaa 

Baluba 

Chambishi 

Kansanshi 

1viufulira 

N'Cha.n~a Copper 

N'Ka.na , , 
Rhodesian Congo Border 

Roan Antelope . 

.... "' ..JNLess1n9. 

·oTIIER ­

Indian Copper 

Moun·t Lyell 


·· TOTALS 

Mine Situation · Year 

Arixona .1930 
lJevada 1~30 
.A.rizona 1925 
·Arizona ­ 1930 
:Nevada, liew 11ex­
ica,. ·and Arizona · 1930 
Arizona - .. 1930 
1Tew Mexica 1.930: 
Arizona .I930· 
Ar.izona 1930 
Arizona ·1930 
Utah 1930I 

. . 
Q,uebec 1930 
Ontario 1931 
British c·olumbia ·1930 
11Iani toba ' 1930 
Ontario 1930. 
Q,,uebec 1931 
11.fanitoba 1930 
Q.uebec 1930 

.. ' .. 
.. 

Cuba 1930 
Sonora, iii!exico 1930 
Chile 1924 
Chile 1930 
Chile . 1921 

Belgian.. Congo ·· 
-:North·e·rn Rhod-esia 
Northern Rhod~sia 
Northe±h Rhodesia 

<Northern Rhod·esia 
Northern -Rhodesia 
Northern ·Rhodesia 
Northern ·Rhodesia 
Northern ahodesia 
Transvaal 

India : · · 1~29 
1930.Australia 

:-

'I'on;:;· Ore · L~ver. Grade 1929 Coppe.r ,Tons Copper.(2000· lbs.) ! ~f Ore _ % Production._ 

.. ~ .... """' ­l.,20 . 576,ooo · - ' .
1.10 · 335~000 11.366 
1.40 l,344 ,200 53,654 . 
0.95 : 869,700 . 

29,421 

<4,410,000 133, 137 . 
36,100 . . 9.,472 

--a . 
. ' ~ 

~: 228,600l 
,3 ,-:369 '400 _. 8 8 ,590 

. ... . .381,300 
•! 42,000 29,589 

6, 848,000 148,313
• • I 

' . . .. 

2. 70 . .·12,900
i.os . . 24,600 ... 
1.81 3 0 ,427'. ' 

'· 264,300
1.71 . 307, .t300 
2. 00 {b) . 35,ooo (.o)4,134,100
4.09 . 25,8.13·· .~23,100
2.50 ·131, 4 00 
5.90 . 1, 100 .·25 ' 300 -. 

. . ' . 
. . 

4.?5 . 
. . 46,600 15,740

2.69 · ioo·;?oo _21,035
1.51 81, 332 ...2,0?4,?00 .. ..2.18 5,030,300 " 1~8, 163 .. 
2.12 14,599, 0 00 .149 J ?38 

.. .. 
·•' 

.. 

5,512,000 .. 151,006 
.. 728,700 .. 

883,.200, 
332,000 

4,4?7,800 
2,521,000 
3,900,000 

~ · 1 , 9HO , 000 
3,715,200 

31,500 · 7,529 

.. 

26,600 " 1,832 
138' 30'0 9-'-903 

3,495,~98,31~~- 2.01 .?O, 312, 400 1, 122.210. 

(a) . From the Year :Book of the American Bureau of :Metal Statistic~ ,~~301 
( c) Est.iniated.(b) Since · 1921, ·additional o~~ has been developed ~ut not estimated. ·· 
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in the reported ore reserves of this new copper producing 

area have already been made. In a recent article appearing 

in Barron's Financial Weekly, New York, the northern Rhodesia 

field is reported to contain much large~ bodies of even 

richer ore than stated in the table. Concerning this famous 

African copper· district, Rhokana Corporation Limited (formerly 
- , 

Rhodesian Congo Border donoessions,Limited) in its annual 
' 

·report states that a recalculation 
. 
of its ore reserves now 

amounts, in three deposits, to 270,780,000 tons of ore 

averaging 4.3% of copper. The same company holding a third 

interest in the Mufu.lira Copper Mines,Limited, reports that 

this property has reserves estimated at 162,000,000 tons of 

4.14% ore. Rhokana' s reserves together vvi th those of Mu.fUlira 

and Roan Antelope thus make a total proven tonnage of 

540, 780 ,000 tons of ore which average over 4~ copper. .The 

magnitude and richness of these ores assure the greatness of 

this field as a leading copper.produoer of the-future. 

World Operating Capacity: ~he installed mining and met.allur­

gioal equi~ent of the world is in 

excess of present needs. The annual refining capacity of the 
1.

world in 1930 was estimated at 3,027,000 tons while it is 

planned to increase this to 3,402,000 tons in the near f'Uture. 

This ca:paoity should prove adequate to meet all demands for 

some few years to come. 

l. A.H.Richards, Gener~l Manager, Tacoma Smelter. 



MIRKETING AND CONTROL OF PRODUCTION. 

The decreased production 

of recent months has been largely due to two main factors. 

The accumulated stoQks of co~per resulting in decreased demand 

for the metal has consequently lowered prices and eliminated 

those marginal producers, or high-cost mines, which are able 

only to operate under favorable market conditions. In the 

second plaae a·voluntary curtailment of production has been 

practised by certain large prod~oers, particularly in the 

United States, with a view to decreasing the _stooks of avail­

able copper and thus allowing consumption to more closely 

approach production figures. 

Copper Exporters, Inc.: In the year 1926, a cartel known as 

Copper Exporters Inc., was organized 

to control about 90 percent of the world production of oopper~ 

It is an organization ot American oopper producers associated 

with whom are certain foreign producers and sellers of copper, 

so that it embraces virtually all the leading copper producers 

of the world. The purpose of this organization is to try to 

eliminate in foreign countries the speculation whi.oh tends to 

·cause wide price fluctuations, and to destroy the stability 

of the industry. The movement developed as a result of the 

trend of foreign markets, particularly s·ince the world war , and 

the motivating. power behind the or.ganization was ·to establish . 

the copper prices of Europe according · to general business 

as it developed from day to day. An effort was made to sell 
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direatly to consumers wherever possible, and eliminate harmful 

speoulation in this commodity. To date the organization has 

met with little success, if the stabilization of the price of 

copper through manipulation of production and market conditions, 

is to be regarded as its prime object, for despi~e any and 

all preventative efforts the price o:f' this o~rnmodity has 

continued downwards to a new all-time low of 5.75 cents in 

March, 1932. 

Table XIX, a compilation of the American Bureau of Metal 

Statistics1 gives the total stocks of copper on January 1, of 

the years 1925 to 1931 inclusive,· in terms of short tons. The 

table is incomplete in that the stocks of copper at smelteries 

and refineries in several foreign countries are not included. 

Recent Curtailment of Production: In the face of accumulating 

stocks of copper, a conference 

of the representatives of 90 percent of the world's copper 
-

producers decided to curtail production about 15 percent in 

order to bring the out~ut more nearly in line with consumption.' . 

While the agreement was apparently fulfilled, the possibility_ 

of a continued decline of consumption in the first· half of 

1931 had not been anticipated, and the curtailment program was 

thus not very effective, and stocks eontinued to increase. A 

fU.rther conference was held at New York in May, 19~1 but at 

it no agreement on further curtailment could be reached. ~ll 
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TABLE XIX. Total Stooks ot Copper on Jan. ls~,1925.-1931 (d) 

(in· short t~ns.J 

, 
. 
' .. 

. . 

... 

i 

. )., 
I 

~ 

. •ilf!, " .. . 

., 

NORTH AMERICA.: 
I. .
\ ~..... 

In blister at smelteries .. ~ . .
• •... .•• . . •• •. 

In blister at·ret1ner1es • • • • • •. • 

In transit to refineries (a) • • • • I • 

• 

Total bl~ster.North ~erioa • ·· •. • 

sou.TH .AMERICA .. 
.. .. . . ~ 

. 
In blister at ·smelteries • • • • • •• 

In ·trans1t to u.s•• • • • • • •. . . 
I 

Total blister, South America • •. 
·In Prooess ot Retining, · N. and ~· ~e~ioa ~ •~ 
Retined. N. · and s. A.merioa • • • • 

' '. 

· Grand: Total, N. and s. America 

GREAT BRITAIN (b). '" . . .; . .. .. . 

Refined • • • .' . .. ·•. 
-

• 

. .. 
{

• •••• 

• ' .. 
• 

'. .. ~ 

• •. . 
Other Fo~ •. i '. : . ..•· .• • • •• 

HAVRE (b). • 

JAPAN ( c) • 

• • ... f .. 

Total. Great Britain ·. .• 
. . -: 

• • •· .. . . . . ·•. ', .. . 

• • • • • • • • • • • • 

-

• • •.. . 

• • •. 

• • • • 

1925 

5,596 

26,640 

96,614 

3,710 

5,588 

10,298 

130,616 
' 136,434 

373,96~ 

2,833 
'40,196 .. 

43,029 

8,042 ... 

ll,042 

. . 

.. 
. l92b 

• 

. .. 

. .7. 52~ 

30,851 

~,eo2 

95,1'18 

2,936 
• I 

4,339 

7,275 .. 

146, ~22 

· 73, 082 I 

: 521,~. 57 1 

. . ' 

'--·~- . ~42 
. , : ~ 

.". 56, 031 I 
. l 

62~~'13 , 1 . 

~.~75 . 

5,?43 
11 • 

1927' 

10, 079 

30, 514 

64,464 

105, 057 

1928 

8,844 

24,543 

53,830 

' 87,217 
. " . 

. . 

4, 974 I 

1929 

9,684 

28,581 

65,115 

' l.03,.380 

5, 1770 

4',J.40 a, 306 I 10~ 952 1 
' 

13,280 

158,l.68 .134,561 

15,613 

131,002 

•· 

1930 1931 

.. 

· 10, 764 6,108 

45,515 

·4'1t892' .. . 22~ 878 

ll6 499' J 

. 2 · 545 . 
' 

·a, 755 · 

ll,301 

140,606 

• '14", 501 

'l,174 

. 3 ·"460
' 

85_.501 95..t298 . 65,466 . 171,320' 

4,634 

139.664 

367',175 

3,525 

35....267 

38,Y92 

9,688 

564 I 1,0'14 ~ 

12.221 7,617 

l,384 2,~34 
' 

5,611 6 362 .., 

. 585,974 

. . . 
3,240 ' . ' 6'; .443 

4,044 ' 

7,284 

5,165 

14,109 

. 2 153
J 

8,596 

3,89G 

4,,581 

(a) From North American smelt~rs onl7. {b) As reported by Loniion· ~. Me\al ' Exchange ; ·o1't1oial warehouses only. 

(o) Bonded .stock excl~ded. · (d) :Vrom the Yearbook ot the Amer~cat ~Ut~a.u otl Metal· Stat1st1os, 1930. , 

~~ . -;- , , ... ~· · '":... . . 
, . I ~ • 11.. 

.· . ' 

' 
• I·. . ' 

\ .. t' I ' 

I ' • 
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agreed that too much copper was being produced, but some of 

those whose operation costs were not above current prices 

were unwi.lling to curtail turther while the high-cost companies 

continued to produce. 

Meanwhile the statement issued by the American Bureau of 

Metal Statistics in June, 1931 and covering North and south 

America refining operations ( reflecting mine operations 

three months earlier) showel an unabated production in eoccess 

of shipment. Thus refined stocks of the Americas, for the 

first time in.the history of the industry reache~ the large 

figure of 826·, 948 ,000 :pounds, an increase during JUne alone 

o~ 29,614,000 pounds of refined copper. Including the 

"copper in :process" the total reached 1,200,000,000 pounds 
. ., 

which then meant that if all the mines were closed down for 

five months, existing stocks could, on the basis of consumption 

fill all orders for that period. 

In ·October 1921, copper producers met in New York, 

hoping to finally arrive at some common understanding regarding 

curtailment. In view of the tact that stocks were continuing 

to aooumulate, the problem before the conference was to ensure 

·that for some time to follow, world production would be be low 

consumption in order that the equilibrium might be restored. 

Failing this, the only alternative seemed to be the abandonment 
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of the oopper market to its fate. At this.oonterenoe the 

greatest difficulty was experienoed in endeavoring to ar_rive 

at terms suitable to the representatives of the Belgian 

interests, while other producers we.re prepared to curtail 

production to the extent of 26 percent of estimated oapaoity, 

Belgian interests preferred to be allowed to produce at 

the rate of ..100,000tons a year, and to store two-thirds of 

the output. This procedure was deemed undesirable in that 

the sudden release of the stored stocks upon the return ot 

a favorable market, would turther upset that market. ~he 

CO\lnter·proposition offered the Belgian interests was 

that they be allowed to produce about 90,500 tons annually, 

to be free to sell 57 ,500 tons a year and .to have the rema111­

. · ing 33,000 tons impounded, so that in the event of a break•.· 

ing up of the curtailment agreement, the latter portion ot .... 

the output oould not be sold, except under terms which would 

hold it off the market for a oonsiderable period. It was 

not until the latter part of November that the Belgian 

oopper interests as represented biy the "Union Miniere de 

Haut Katanga" accepted the curtailment proposals outlined 

by the New York Conference, agreeing to curtail production 

by over 40 percent. Other.pro~ucers on Deoe~ber 21,annaunoed 

a voluntar7 ourtailment ot production to the extent of 

26 pe~oent of estimated aapaoit7. To ensure that these st~pa 
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should not unduly advance the price, of oopper, .the agreement 

further provided that when the total stooks Of metals above 

grou.nd do not equal the total deliveries in the preceding 

four months, curtailment is to cease. FUrthermore, quot ins 
from the statement issued by the Copper Institute n It the 

. ' . 
prioe of copper shall exceed for a period of 15 clays the 

price ot 12 cents a pound, the curtailment shall cease, no 

matter what existing stocks may be". The life ot the 
. 

agreement is oonditionally limited tor " ·sb>uld the tot al 
~ 

stocks of copper above ground not have been reduced by 

Deoembe~ ~1,1932 so as to equal in the aggregate the tot~l 

deliveries in the preceding four months. any oompan7 may, 

without o~it1o1sm, nevertheless resume operations as ii 

sees fit on 30 days notioe." 

FUrther curtailment is yet being contemplated in order 

to have production rates more nearly in an equilibrium wi.th 

consumption. In a·reoent article appearing in Barron•a, it 

was reported that the Belgian interes~s had state4 their 

willingness to cooperate one hundred percent with th~ Ameri<Bn 

producers in curtailing output, and that they would not ask 

the privilege formerly accorded them· of operating at a some­

what higher rate and storing outpu~ in exoess of its quota. 

The plan most reoentl7 being disouaaed involves curtailment 
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to 17.5 percent ot estimated capacity. This compromise would 

represent what is oonsidered by producers as the maa1mum out 

which oan be a.ff'eoted and still keep all produo·ers in aoo·6rd. 

There are at the same time, two extreme views on the matter 

of curtailment. The most radical is that of some ot the 

more powerful lower-cost producers, which maintains that the 

only solution is based on the survival of the fittest, with 

lower pr1oes forcing out those producers who are unable to 

.operate under existing markets. The second group argues 

that it is suioidal to curtail further, and present figures 

to show that it is cheaper in the ond to operate ·another 

year or so at the present rate, even if a loss of several 

oents a pound be entailed. They point to the social and 

'·~ 	 poli.tioal advantages ot staying in production and providing. 

employment. 

a
The question of complete shutdown has had advocates 

and opponents. Supporters of the idea maintain that as socn 

as stocks have been substantially reduoed the confidence o t 

the buyers will be restored and the.prioe will rise to 

between 9 and 10 oents. They claim that the companies will 

:tare better to shut down entirely and oarry their crews 

through extending rational oredit to them and providing 

living aooommodations, in that suoh costs would be only a 

fraction of the increased inoome the company would receive 
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from the resulting higher price. They contend that 

continued production at tbs present rates will break the 

morale of the industry, destroy oooperation and kill the 

industry finanoially. With continued output another year 

will b.e required before consumption brings the stocks above 

ground back to the present tonnage, they estimate, and that 

a second year will be required to reduce them sufficiently 

to restore a aatiafaotory price ·ror oopper. Other producers 

reply in the negative, maintaining that a oom~lete shutdown 

might be all right for producers with stock, but is of no 

help to those without stocks. 

. 
A tariff on copper has had its supporters.in the 

United States, who believe that prod.uoers in that oountry 

can be protected by a tariff wall, and oope_with the sit-. 

uation among themselves. Qpponen.ts. of this view maintain 

however, that euon a procedure would be most undesirable 

in that the resulting disintegration of cooperation among 
. . 

world producers would be most unfortunate. They claim 

f'urther that industry faces a potential over-production 

for five yeara or more and a tariff would probably oall 

forth other tariff walls which would then hamper consumption. · 

Control of Non-Ferrcua Base Metal Operations: Though non­

ferrous base 

metal mines are found in praotioally all parts.of the globe, 

http:parts.of
http:Qpponen.ts
http:supporters.in
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control is exeroise4 by a comparatively small group ot 


oountriea. So much is this true that it would be possible 


. to accommodate representatives of this gro~p in a small 

room for purposes of a round table discussion. The oontroll­

ing interests of various base metal mines have been disoussed 
l.

in a eommereial letter of one of our leading 	Canadian banks. 

United States interests, it is pointed out, control 


the base metal mining of Mexico and south .Amer ioa.. While 


they are also reported as being ~ssociated w~th the Mount 

Isa development in Australia, and exercising their influence 


·1n the lead-zino fields of Silesia.. In Canada three oopper 


' 	 mines are American owned, while considerable Amerioan money 

has entered other Canadian properties. control of most. of 

the_important oopper mines of Spain is exercised by united 

Kingdom capital, which has also supplied financial backing 

for most of the mineral developments in British Jfrioa. It 

has also subst·antially aided .Australian metal pr00:uoers 

an~ has held financial interests in certain mines in Canada, 

Mexico and other countries. French oapital largely owns 

~he producing lead-zino· mines of Spain, while Belgian 

!:nterests have maJor·control of the Katanga Copper mine in 

the Belgian Congo. Most of the new and suooesetul Canadian ­

companies are of Canadian o~igin and-largely of oanadian 
! ­

oapi talization. 

l. 	Monthly commercial Letter, Canadian Bank of commerae,sept.1930 
n .. 6. · 
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VI. THE FUTURE OF THE COPPER INDUSTRY 

A oons14erat1on ot the present copper situation of the 

world involves so many uncertain factors that it would seem 

·quite·impossible to predict with any degree of oertainty the 

immediate fUture of the industr~, whioh is so largely depend­

ent upon the general economic conditions of the world. However·• 

it is not essential, in taot it may even be undesirable, that· 

too muoh emphasis be placed on the immediate situation. prod­

ucers and consumers ot the metal might profitably sha.v more 

concern for the distant future of the industry. 

Leading authorities are unanimous in the view that the 

present copper situation is nevertheless extremely serious, and 

that the need of cooperative effort on the part of oopper produo­
/ 

era and distribution agenoies was never more apparent t. han at 

the present time. In accordance with this opinion representatives 

of the producing and dis~ributing concerns have recently held 

confe~enoes whioh have to date aooompliahed little of an aotual 
. /

remedial nature, yet have done much toward foouesing the' attention 

of those concerned upon the actual facts. various authorities 

have from time to time offered opinions as to the cause of the 

present situation and.its relation to the general world depression. 

Over-production, under-oonsumption and over-buying have all 

been oonsidered faotore contributing to the.present aoute·condition 
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of the industry. Stimulated by the abnormally inoreased 

demand for metal, copper producers turne~ out copper at 

an unprecedented rate which reaohed its highest point int he 

year 1929. Soientifio research stimulated ind~stry in the 

improvement ot production methods, but in so doing completely 

overtaxed the existing machinery for the proper and equit~ble 

distribution of industri~l produots. This is clearly indio­

ated by the increasing aooumulation of the products of the 

·rarm, the mine and the forest. If some of the talent used to 

stimulate production' oould now be devoted to the distribution 

of t~ese products an important step would have been taken for 

, .l the benefit of mankind. lleanwhile the purchasing power of 

the world has been drastically reduced,. al though money is -· 

cheap in the f inanoial oentres, interest •ates are low and
I 	 . 
large sums of money are available for investment. Neverthe­

less the world is not consuming its normal quota ot raw 

' 	 materials; under-consumption, or a decreased use of the 

prOduote,,has acoompanied their over-production. Over-buying 

on the part of manufacturers has been considered a predominant 

cause of the declining price of oopper. Buying too far in 

advanoe .ot requirements tends to raise the price,·whereupon 

the producer increases production to the limit in order to 

meet the demand and thereby -~·; derive the greatest possible1 

benefits from high prioes. Eventually producers find them-­

• 
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selves over-stocked , inevitably the prioe declines and 

the oonfidenoe of both producer and consumer is severely 

shaken. Under such conditions the manufaotUBer must use 

up the over-bought supply of stooks and sell to the 

ultimate consumer at a time ·when the industry is general]Jr 

depressed. Su.oh would seem to be the situation at the 

present time; over-production combined with a decreased. 

oollBumption, has in the past months resulted in an excess 

I aocumulatien of stocks, a deoreased demand, and consequently 

falling prices. Efforts toward the control ot pro4uotion 

the stimulation of ooneumption and a careful distribution 

of the product upon a more substantial eoonomio basis, may 

·vastly improve the, situation and stabilize the industry. 

How IN.Oh may be aocomplished is an economic problem reo~iv~ 

1ng ~t the present time much profound consideration. 

Concern should not be too much oonf ined to the immediate 

fu.ture of the industry. Large quantities of copper cannot be 

consumed until economic conditions of the. world improve. The 

distant future of copper otters a more refreshing picture and 

will here be 41acuseed in conneotion with tuture production, 

consumption and price possibilities. 
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Future PrOduotion: As previously noted in this paper the 

geographical production of copper changed 

from Eu.rope to the Americas during the latter part of the 

nineteenth century. Present indications are that tho world's 

copper pattern is again in the process of change. Stimulated 

by inorea~ing demand during the war and poet-war periods, 

expansion in'the Americas was most pronounced and during the 

past decade approximately 80 percent of the world •.s copper 

was produced in the western hemisphere, with united states 

and Canada alone aocounting for almost 50 peroent of.the 

total output. World-wide development within the indust~y 

saw the building of new plants, the enlargement and improve• 

· ment of the old, and a general stimulation in·the exploration 

and development of new properties. Africa emerged from 

this period of marked expansion and has already demonstrated 

1ts potential!tiea as en important· copper producer o:r the 

immediate future. Indications are that before the passing 

ot another decade the Afrioan continent may possibly have 

an annual production of 400,000 tons of copper, and this 

produoed at a oomparatively low cost, under conditions nCM 

4eeme4 much more favorable than were at first generall7 

conceded. New Canadian properties and refineries point to
1 
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the probability that Canada will produce a larger proportion 

of the copper output of the .Americas, while these two o ontin­

ents will likely produce a leaser percentage of the world 

tonnage. In the United States the year 1929 was the culmin­

ation of severel years ot marked increase in production• 
. 

Several considerations seem to point to the fact .-that this 

oountry might in coming years d·o well to maintain its present 

position among the copper producers ot the world. The import~
\ 

anoe and influence of the new produoera or potential produc­

ers in Canada and Africa can.not be doubted. In the united 

States there are bu.t a oompara t ive few mines which w111 be 

able to appreoiably increase production. The properties now 

operating are of limited reserves and have been known for_ 

fifty years or more, while others have not been found to 

take their place. The year 1929 m1ght·easily remain the 

peek year of ·., ·. United States production. In EU.rope 

similar conditions exist. Mexico, Australasia and !Bia, 

Russia excepted, ofter but very slight prospects of 

increased output. Thus any increase in produotion must 

come from South America, Africa and Canada. A•H·Riohards 1 • 

has estimated the 1940 production of oopper from the main· 
2.

producing oontinents as in Table xx. Arthur Notman has 

· 1. 	General :Manager 1 Taooma Smelter in a r.eoent address lit fore 
the Mining Association of British Columbia. ­

2. 	Arthur Notman,Consulting Engineer of New York, in .a recent 
address before the O.I.M.M. 
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TABLE XX. FORECAST 	 OF WORLD PRODUCTION FOR 1940 • (a..) 
(In short tons) 

SOURCE ESTIMAT~D TONNAGE, !940~ 

North and South America. l,700,000 

Europe 
~ 

Africa 

303,000 

700,000 

Other Sources 

World Total· • • • • • • 

124,000 
. ' . 

2,827,000 

(a} 	After Richards, A. H., General Manager Tacoma Smelter, in a·• 
rec.ant address before the Mining Association of Bri tlsh Col­
u~bia. ­

TABLE XX:I. FORECAST OF 	 WORLD COPPER PRODUCTION, 1931-1940. (a)
(In short ·tons) 

catmTRY. ESTIMATED TONNAGE 

United States ; 

Canada, 

Mexico 

South America. 

Europe (excl~ding Russia) 

Africa 

All Others (including.Russia) 

.. 

8,500,QOO -

2,aoo,000 

800,000 

4,500,000 

1,200,000 

4,500,000 

1,200,000 

Total • • • .. . • • • 23,500,000 

(b) After Arthur Notman, Consulting Engineer of New York, in a re­
cent address before the c. I. M. M. 
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attempted a foreoaetof world copper produotion for the 1931-40 
deoade and has allooated to various countries the estimated 

proportions of this output ( Table XXI ). RUssia's influence 
-

upon the oopper market of the future is somewhat indefinite. 

It is true that development in that country has been most 

pronounee4 in recent years. However, it has in the past been 

noticed that increased produotiqn in a country is uaually 

associated with an expansion of consumption and RUaeia is a 

.field which should offer a particularly wi~e ·scope. for the 

utilization of domestic copper. Japan has been the_ leading 

Asiatic producer, but to date that country has been consuming 

its output and has not been a taotor in the world market. rts 

:ruture influenoe is not generally expected to be great, but 

this too is an indetini te f'aotor. - The mines of Northern 

Rhodesia are expected to be a most important influena_e in 

the future production of copper. The question arises as to 

whether or not these fields would tend to keep the prioe 

, of metal at, or about, its present level. In answer to this 

a lo.ndon Correspondent of Barron's replies negatively, on 

the grounds that if the increase of 421,768 tons in Borth 

and South American production, during the tew years prior 

to 1929, and· of 514 ,393 tons in the world' a production of 
-

the same period, tailed to prevent the price from rising 

to 24 oenta early in 1929, an increase of 221,.500 tons 1n 

the African production d\lring the ooming few years should 

/ 
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· · not adversely atteot the market. 

Future Consumption: It has been stated rather generally that 

during the past fifty years, the copper 

production of the world has increased at the rate of 6 peroent 
/ 

per annum compounded. It would seem entirely unwarranted to 

take the 1929 peak figure as a basis·for this computation and 

expeot an increase at the above rate for the next ten years, 

but estimates based on a more normal year might prove signif­

icant. An inoreasing population and a rising standard of 

living should assure the oopper industry of a favorable fUture. 

Industrial activity requires electricity which involves the 

utilization ot copper, and if civilization is to advance, then. 

the consumption of more copper would.seem assured. Population 

has increased during the last ten years; United states regis­

tered a 15.8% increase, Germany 8%,. Belgiwn and }it'anoo each 

5% and Italy 6%, while the population of Great Britain 

remained approximatel7 the sane •. The people of the tuture will 

not be satisfied with a lower standard of living than has 

been prevalent during the past few years and, in faot, they · 

may be expected· to demand even higher standards. over 60 percent 

of the world's oopper 1.s used in the eleotrioal industry and 

the worl4 is fast increasing it's conswnption of electrical 

energ. In the United States it's increased use has been moat 
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pronounced and the greater oonsumption of oopper per capita 

in that country has been oorrespondingl7 marked, advancing 

from 13,24 pounds in 1923 to 16.53 pounds in 1928 and 19.08 

pounds in 1929-, but falling in 1930 to 15.52 pounds per capita. 

In the year 1928 the oopper oonsumption of Great Britain was 
/. in comparison rather low, when it amounted to 7.89 pounds ~er 

oapita. Similarly consumption was also low in Franoe and 

Germany. Slight increases had nevertheless been registered 

in all oountriea and today the use of eleotrioity is rapidly 

expanding; oonsequently an 1norease4 demand for oopper may 

be reasonably expeoted. An indioation of such a movement is 

that of Lord Weir's soheme for the eleoirif1oation ot 

British railways. 'This is the largest undertaking of its kind 

ever attempted, and its suooesa:tul oonsummation would more 

than triple the world•a present electrified mileage of rail• 

ways, and require approximatel7·. 500,000 tons of copper. 

Briefly, the Weir Committee's plan comprises the eleotr1tioation 

of all British main lines, and involves a total route mileage 

ot 20,300 milea, a total main traok mile.age of 36,000 miles 

and an add1~1onal 15,500 miles of sidings. The total net out~; 

lay for the oomplete eleotr1tioat1on of the main lines of 

Great Britain is estimated at $1,300 1 000,000. At the present 

time eleotrified railroads have in servioe.more than 250,000 

tons o_f copper so that the British proJeot o_fters a market tor 

twioe the amount ot ~he metal. at present utilized on some 
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.21.000 miles of former steam track now eleotrioally operate4. 

Thus does railroad eleotr1fioat1on alone otter vast possibil­

1ties. The public utility companies are taking advantage of 

current conditions when in 1930 more copper was used for light 

and power liiles than in any other year in history. In the 

___,. 	 same year a new record was set for the oonsumption of oopper 

for wire oloth and for heat -radiators, while the ship-building 

i~ustry used more copper than in any year sinoe 1923. suoh 

facts would suggest that both new and ol~ spheres for the util­

ization of oopper might well be agBl'esively extended at this 

time when the metal is at its lowest price in history • 

. Estimating but a 5% increase in consumption compounded 

upon the 1930 figure. the prediction for 1940 consumption as 
1. 2

contained in Table :XXII has been made Notman •. in discuss­

ing the possibilities for future consumption of oopper point• 

out that the output for the last thirty years has increased 

Z,683.000 tons per decade. while the average inoreaae. in 

oonsumption ( having made allQwanoe for present stocks) has 

been about 3,500~000 tons per decade. During the last. ten 

years oonsumption has been.praotioally doubled and a similar 

increase in the next decade would reault in a total ot 24,000)000, 

tons. Admittedly this would seem a rather optimistic estimate 

and at least represent a maximum. During the early part of 

la.st year ( 1931) , in a period of severe business depress ion, 

By A.H.Richards, Gen.llgr.Taooma smelter in address before 
1. Mining Asaoeiation of British Columbia. 

2. Arthur- Notman,consulting Engineer of New york, in a reoent 
_,, 3 __ -- "L..-.0---. .._,.._ ,, T 'II' 'l• , 	 ­
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ESTIMATED CONSIDJCPTION OF COPPER IN 1940. (a)
(In short tons) 

" 

North and south America 

Europe 

Elsewhere 

Totalj 

1,351,000 
-

1,314,000 

156,000 

2,821,000 


(a) 	After Richards, A. H., General Manager Taaoma Smelter{- ih 
a recent address before the Mining Association of British 
Columbia. 

TABLE XXIII. ESTIMATED COPPER CONSUMPTION, 1931-1940. (a) 
(In short tons) 

PROBABLEMAXIMUMMINIMUM
1 
! YEAR
l 

I J,931 l,650,000 . l,850,000I 1,750,000
l ...i 
i 
I 1932 1,695,000 1,972,000 1,833,000 ... •' ' • I. ! 

l, 739 ,ooo'

I
1933 2,094,000 1,917,000 

... 	 . .. . 1,784,0001934 2,217,000 2,000,000 
, . ''·.I 

1935 1~888,000 - 2,339,000 2,083,000 
.. . .. 

1936 2,461,0001,872•000 1 2,167,000 
\ 

1937 1,916,000 ,2,583,000 2,250,000 

1,961,000 2,706,000 2,333,000 

1939 2,005,ooo 2,828,000 2,417,000! 

l 
! 1940 
 2,050,000 2,950,000 2,500,000 

TOTALS 18,500,000 24,000,000 21,250,000 
I 

(a) 	After Arthur Notman, Consulting Engineer of New York, in a 
recent address before the Mining Association of British 
Columbia. 

1938 
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deliveries of oopper averaged an annual rate of 1,620,000 tons. 

· A return to more normal cond.1 tions could be expeoted toI . . . . 
increase demand about 10 percent, to about 1,850,000 tons 


which 11 the averase annual consumption needed to meet the 


minimum figure of the ten-year period as indicated in Table 


XXIII. The attail'.llllent of the.probable figures inoluded in 

the estimate will largely depend upon the speed of· recovery 

of general business and upon the growth of the electrical 

industry of the world. 

Future Prioe: Since the year 1929, the price of oopper has/ 

drastioall.T receded despite any and all efforts 

to sustain it, so that in Marcy,1932, it reaahed an all time 

record low of 5.75 cents on the New York Market. Efforts have 

been made to control production with a view to brining prod­

uction more nearly on an equilibrium. with consumption, though 

oonaumption itself has shown a decline. :Further steps will 

in all probability be taken to inoreaser.oonsumption by the 

stimulation of sales. The present day,·with prevailing 
I 

low prioea, would seem the logical time in which to consider 


sales promotion. It is a difficult matter to predict the 


future price movements of this oommod1ty with any degree of 


certainty. Any esti~ate of the future prioe must take into 


.aooount certain 1mp.ortant factors suoh as ore reserves of the 


world, produotion and consumption oapaoities ·an~ the costs of 


produotion. Intorma tion 
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and statistics covering such :factors vary widely with t me, 

plaoe and operator. From the year 1886 until the beginning 

ot the World war, when the great prioe disturbance commenced, 

.the prioe of copper on the New York Market averaged about 

13.69 cents per pound. Meanwhile costs ot operation were 

.much higher than in more reoent years. In 1930 operating 

costs of the major'i ty of the large mines of the western hem­

isphere were estimated at about 9! cents per pound of copper. . 

In view of the large quantities of ore already in sight 

the prioe of copper for some years to come will not need to 

be so high as to stimulate efforts toward the discovery and 

development of new properties. While attempts have Qeen made 

to control prices the usu.al result seems to have been an · 

·accumulation of atooks and consequently a lowering of prioee •. · 

·At the pres~nt time experiments in produotion control are 

being made with no attemp~ to fix·p~ioes. The outcome of 

these efforts is being awaited wit~ much interest in order 

to asoertain their possible effect upon future prices. 

Fu.rther; it is probable that the consumption ot oopper will 

be stimulated by large projects and by sales propaganda, both 

of which should be favored by the present low prices ot the 

oommodi t7. · All the above faotora will be oonoerned in the 
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ultimate prioe of the metal •. Suohcprioe will, nevertheless, 

need to be such as to make normal produotion adequately prof­

1table for the low-oost produoers and sufficiently profitable 

for the marginal producers so as to bring fUture production 

in line with tuture demand. A normal price of 11 or 12 

oents might ad~quately satisfy all conditions, but an aotual 

estimate involving as it does.numerous and indefinite 

economic faotors can be at best little more than a ~tter of 

. ·careful oonjeoture. 

While the immediate presen.t of the copper industry is by 

no means favorable to the producers of the metal, its ultimate 

future is nevertheless bright. The copper market will in all 

probability be rather low during the next few years , and 

production will likely be confined to those companies which 

are able to produce at a low cost. Already the metal has 
an ..~ 

however, proven itself to be essential faator in industrial 

and sooial development. If one believes that the world 

population will continue to increase, and that its standard 

of living will steadily improve, one cannot but believe in 

the ultimate prosperity of the industry. copper may there­

fore be reasonably expected t.o play a very· signifioant part 

in future world progress, an~ its saturation point will not bt 

reached before all people of every nation have at least as high 

a standard o:t living as have any people of the 'world today. 
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. Erandon Colle~e, 

Brandon, Manitoba, 

May 11, 1932,. 

Professor McNairn, 

Department of Geology, 

MoMaster University, 

Ha.milton, Ontario. 

Dear·Sir,­

In my thesis, "The Geologic and Eoonomio Aspects or 
Con~er•, a copy ot which was fo-rwarded you some days ago. I have not­

iced that the tTPlst in making typogra~hioai oorre~tio~e over-looked 

certain errors. In case oorreotions were not ma.de iri the copy sub­

mitted for your consideration I would like to draw your ·attention to 

the following tY!'>ographioa.l e-rrors which tend to alter the mean:l.ng ot 

the text. 

Page 30 -· Line 4 Substitute •35 miles by 16 miles• for •35 miles 
bv 8 miles". 

Page.35 - Line 2 - Substitute •of the particular solution and 
tor "of this particular solution of. the". 

o~ the• 

Page 49 ~ Line 4 Subst.i tute • sul-phf.de" for "sul-phate• 

Page 140 - L1.ne 4 - Substi.tute "consum-ption" tor "production" • 

./ 
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