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THE GEOLOGIC AND ECONOMIC ASPECTS OF COPPER

PART I -

INTRODUCTION



I. INTRODUCTION

HIéTORICAL.

' Mény divergent opinipns have been expressed
econcerning the possible priority of the‘uSe of copper or iron
in the early history of mankind. Too often have archaeologists
based their conclusion soiely upon the relative abundance of
these metals, which have since been found in ancient ruins,
especially in graves and tombs. It is true that among such
remains copper has usually proﬁén to be the more predominant
métal, . This need not, however, be Boo readily regsrded as
an indication of its earlier use by menkind, as some writers
have been prone to conclude. The higher corrodibility of
iron as compared with copper, and psrticularly with its alloys,
would tend to destroy'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 value, and this practice
would tend to account for the absence of iron in such ruins.
Excavations of the Lake Dwellings of Switzerlend have'revealed
intermingléd remnants of both stone and bronze implements, It
has been found however, that the latter are of such perfeetion
as to be attributable only to a later civilization, and thus

they were probatly introduced at a subsequent date. MMoreover,
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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 production of bronze requires considérably more skill, anq_
tin, an essential constituent of the alloy, has never been‘an

abundant metal.

It would seem thercfore, 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. With different environments and the varyihg
availibility of the metals, either the iron or the copper

might have been the predecessor in a particﬁlar reglon.

The assignment of distinetly 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 age™ , "Bronze age", and the present "Iron agem, m
Such writings have been sometimes‘taken too sériously and the
belief that man became acquaintéd with the‘metais in the order
gold, silver, bronze and finally iron, has not been uncommon,

but this order has been disproven by archaeological research.

It would also seem somewhat fallacious to assume in the history



of mankind the successive occurrence 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 development of all the wiaeiy scattered masses

of mankind. This has not been substentiated by history. Moreover,
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 arec 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 ruins, the records of which date back
to 5000 B.C., copper haé 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 horizon. He describes their remains as being decid-
edly indicative of a knowledge of the production and use of
copper implements, and suggests their age as being one of slow
transition from stone %o copper. The~tﬁhe of this period is from
4500 t0 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 would seem apparent

that it was then unknown. Even in the third and sixth dynasties;



(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 into use, likely having originated with the Semitic race in

ancient Babylonia. It was introduced into Egypt about-zooo'B.c,

The most ancient mines known ere the Egypfian copper mines
in 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, thetores'being mostly oxidized
and therefore easily worked. The Phoenicians were the greatest,
commercial people and the most skilled metallurgists of the anciexnt
world. Those of Sidon founded a colony on the island of Cyﬁrus
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
~ strength. As indicated in the legends o%hgliaﬁ and the’Odyssey ‘
of Hbmer ( 900 B.C.) the Greeks even in prehistoric times were
familigr with coppef, 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 isiands along the coast of Asia Minor, it seéms

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, implemerits, money,

-



and for certain structural'purposes, had become widespread.
Spain was the most prominent mineral producing province, and
in Huelva grzat 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 &umbs

of this time contained about 18,000,000 tons. The largest
operations were at Rio Tinto and.Tharsis from which fields

it has been estimated that the average annual production by
the Romans amounted to 2400 tons. From these primitive \
beginnings modern mining and metallurgical practices have
gradually attained their present status. - Discovery of the
alloying qualities of copper and of the many techniéal app-
lications of the metal‘have greatly increased its commercial
importance. The introduction of electric¢ity alone has
provided a very great impetus to the development of the copper
industzy. Increasingly large quantities of copper of an
imﬁroved quality are‘continualiy 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
'aé "pes Cyprium" ( Cyprium copper). . This name was gradually
shortened to."Cyprium" and later corfupted to "Cuprium™, whence -
has been derived the English‘term "Copper", thé French "Cuivre"'

and the German "Kupfer®.



The Metal: Cbpper is a brilliant metal of a peculiar'red color
which assumes a pinkish or yellowish tinge on a
freshly fractured surface of fhe pure metal. It takes a brillisnt
polish, is highly malleable and duectile, 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

1.

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

coppér which is of commercial significance is its 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 minerzls in which the copper content
is of sufficient economie value and in such quantity as to render
extraction profitable undef the prevailing conditions. The term
" ore mineral of coppér " épplies to any mineral carrying that
valuable metal. Copper-beéring minerals are numerous and widely 
- though irregularly distributed. Moreover, copper fréguently
occurs with many differént metals under varied conditions. There
are, however, but relati#ely few ore minerals of commercial import-

ance, while the number of copper producing districets is likewise

comparatively small.,

1. Encyclopaedia Britanniea, Vol.Vlil. (1910-11).

Ld

~— .
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The ofe minerals of conper, together with their

theoretic composition and percentage of copper, are as follows:

TABLE I
Ore Mineral Composition Cent gggper.

Chalcopyrite CuFeSg 34.5
Chalcocite CugsS 79.8
Bornite CugFeSy 63.3
Enargite 3CugS. 2482853 48
Covellite Cus. 66.5
Tetrahedrite CugSbg Sy 52.06
Tennantite CugAsgSy 57.
Native Cdpper Cu 100.
Azurite 2 CuC0s Cu(OH)p 55.10
Malachite CuCO03. Cu(OH)z 57.27
Chrysocolla CuSilOz. 2Hg0 36.06
Cupfite Cus0 88.8
Melaconite Cu0 79.84
Brochantite ‘CuSO4. 3Cu(0H)p 62.42
Atacamite Cu(OH)Cl. Cu(OH)g2 59.45
Chalcanthite CuS0Og. ©SH20 25.4

It.must be pointed out here thet very few ores are
pure enough to contain or even approach the theoretical copper

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

1. Ries, H: "Zconomic Geology" (1925) p,.568,

-



deposits may be cited. There the important copper minersls are
chalcocite, enargite and bornite, but in the year 1923 the ore
actually mined avéraged only 2.12 percent metallic copper. In
fact most of the ores now mined are of 1ow grade, but with
increased plant cepacities, improved concentration and metallur-
gical practices, the profitable treatment of lower grade ore

is possible.

Based on the estimated percentages of the world's

copper output of 840,000 tons in 1909, the most important ore

minerals are as fgllows; 1.
TAELE IT

Ore Minerals: ~ [per cent of Total
Native Copper -‘ about 12%
Carbonate-oxide minerals about 15-20%.
Enargite ‘ about 5%
Tetréhedrite and other

sulpho-salts. about 1-2%
Chalcopyrite,Bornite,Chalcocite about 60-65%.

The importance of chalcopyfite, bornite and'
chalcocite can readily be seen. Furthermore, approximately
one~-half of the copper pro@uced comes from chalcopyrite snd
. cupriferous pyrite. The latter mineral together with pyrrhotite,

(Fe1181p) accounts for a very large proportion of the world's

1. Beyschlag-Uogt~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.‘ gopper is
often obtained from these ores as a by—prqduct in the manufacture

of sulphuric acid (HpSO04).

Brief descriptions of the more important ores of

copper follow:

Chalcoﬁyrite or Copper Pyrites (CuFeSp) 1is undoubtedly the most

- important primary ore of copper and‘may be regarded as
the ultimate source of many of the other copper-bearing
minerals derived from it by oxidation and suhsequenf N
reduction. It is very common in primary metalliferous k

veins of igneous origin. The mineral has a deep y?llow

color and is relatively soft.

Chalcpcite. or Copper Glance (CugS) is a common mineral in the

enriched parts‘of veins ana is of a lead gray color.

Covellite '(Cus) is a ﬁeculiar mineral of indigd-blue color and
is usually found as an encrustation in the zone of
X

secondary enrichment,

: : 20‘
Bornite, or Peacock Copper ( 30u28.Fe255) is, as the formula

indicates, a double sulphide'of copper and iron. TUsually
it oceurs in the massive form and possesses a peculiar
purple or brownish lustre. It is aiso & mineral of the

zone of secondary enrichment.

1. Rastall: The Geology of the Metalliferouslbeposits (1923)
2. Ries gives bornite the following formula: Cus5Fegs4.

»
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Tetrahedrite, or Grey Copper Ore ( CugSbpSj), is a typical member

of a large group of sulphantimonides and sulphan-
senides, and very characteristic of the zone of

secondary sulphide enrichment.

Enargite (3CusS. 24spS5z) is a sulpharsenide of copper, which in
some localities appears to be a primary ore. It |

often contains some antimony replacing arsenic.

' Cuprite (Cup0) 1s easily distinguished by its submetallic lusire
and ruby-red color, which sometimes becomes black

and dull on exposure to light.

Malachite (CuCOz. OCu(OH)5) is a hydrated copper carbonate commonly
. occurring in botryoidal, stalactitic or reniform
"concretionary masses of a bright green color. Tt

is rarely erystalline. .

Azurite 2CuC0g. Cu(OH)z)commonly occurs in deep blue mohoclinic

crystals, frequently well developed.

Atacamite (Cu{OH)C1. Cu(OH), )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 minéral usually occurs in dark green masses and

is rarely crystalline.
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Chrysocolla (CuSiOz. 2H,0) 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

Take Superior region.

Gangue Minerals: Ordinarily the copper minerals are found in

| association with other minerals of aworthless
.:nature, to which the term "gangue™ has been applied. O0f the
gangue minerals found in copper deposits, quartz (SiOg) 1s

most common and is usually clear, glassy and finely to coarsely
‘erystalline. Calcite (CaCOz) and siderite (FeCO3) are common
in gome deposits, but in relatively few of the great mines of
the world. Barite_(BaSO4) is exceptibnal but is abundant at
Shasta County, Cal., Mt.Slicker, Vancouver Island: Hasaké& ,Japan
and at Mt.Lyell,Taémania. Rhodochrosite (MnCOa) and fluorite :
(CaFy) sometimes occur, the latter especially in the tinand

copper mines of Cornwall,England, and rarely at Butte,Montana.

—

Tourmaline, a complex silicate ( RoAlg (BOH)z(SiOs)}ia confined
to tin.-'copper and gold-copper %eins. Commonly an earthly
| gangue composed of highly alte:ed country rock is found, while .
at times, as in Montana, Japan and Tasmania, alteration has

produced sericite, a form of muscowite (HpoKAlz (S104)3),

1. R.represents a variable radical which may contain any of the
following elements: yg,, Fe,, Ca., Na.,K.,or Li., often Fe.
L 4
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Not infrequently the . presence of such gangue minerals

‘ as quartz may have a favorable influence in the maetallurgy
~involved in the extraction of the metal content. In smelting
lcopper-bearing iron sulphides into matte by the pyritic process
it is necessary to add silica in the form of quartz which is
then termed a "flux" and affects an added fluidity of the
products in the furnace. Ores in which quartz is cm tained

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

the metallurgical costs, other things being edual.

Minéral Impurities: There are in praéfically all ores certain
m;nerals of a deleterious nature ,which must

be substantially reduced if not completely eliminated in thé

metallurgical ﬁroeesses, if the refined metal is %o 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 e ither

entirely eliminated or else reduced to an almost negligible

minimum in the refined products.

In copper ores probably the most objectiOnable impurity
is zine. 1Its elimination has been a matter of much conern with
metalluﬁgists and even until quite recently the presence of this.
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 réfining. " Arsenice, antimony, tellurium
and selenium may be partially removed in smelting, but compléte
elimination, essential!if the product is to be utilized in elect-Vt
rical work, is accomplished only by eléctrolytic methods. The
presence of silver, even in amounté as small as 0.5 ﬁercent, lowers
the electrical conductivity of the metal, while more than 3%
adversely affects_its toﬁghness and malleability. Up to‘0.25%
sulphur content decfeases the malleability 6f the copper, while ’
0.5% renders the metal "cold-short" +° With 0.4% or more of

. phosphorous the copper is made "ped-ghort™ 2: An excess amount
6f silica is detrimental should it requiré too much basic flux

to neutralize it.

FACTORS INVOLVED IN EVALUATING A COPfER DEPOSIT.
| | " fThe correct

appreisement of a copper deposit involves the considerafian of

many factors which to aifferent persons may present highly
divergent aspects. The physical evaluation of any deposit
requifes the careful consideration of such matters as the

general geological features exhibited 5y the deposit, its strength
and character of minergslization, the width and persistence of any .
éssociated veins, shear zones, fractures or contact zones, together

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

1. "cold-short"™- Brittle in its cold state.
2. "red-short™ - Brittle while red hot.
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While there are many such factors to be considered, the
following extract from an article appearing in a recent pub-

-1
‘1ication may be quoted:
"(l) Transportation Facilities- 1In the

first place, this factor includes 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. 1In both of these cases, certain faqil-
itigs may be so improved'as to greatly lower

‘the cost of transportation.

(2) Type of Ore:- This necessitates a consider -
ation of the mete 1s contained; whether these be
gold, silver, lead or zinc, or any special metal,

or a combination of two or more.

(3) Grade of the Concentrate:;- This depends on
the grade of the original mineral and on the
amounts of the precious metals contained. This

data may only be obtained from mill tests.

(4) Mill Recoveries, Smelter Rates, and Iosses.
(6) Prices and Markets for the metal produced.

f6) The Net Cash Value of the Concentrates
produced per ton of ore, after allowing for mill

logses, freight and handling costs of the cone n-

1. YcKechnie, D C.,in "The Canadian Mining and Metallurgical
Bulletin" (Nov.1l930) p.l1l454.

w
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trates, and the smelter charges and losses.m

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
the costs of mining, milling, overhéad expenses, and freight
charges between mine and mill, from the net cash value of'the

Qre, at the smeiter, one thus obtains the probable profit td be

derived from the ore."
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IT. OCCURRENCE AND GENESIS OF COPPER DEPOSITS

OCCURRENCE. | )

Geologic Distribution: 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 derive~
atives of these rocks. While the presence of such metal;ic-
deposits usually presupposes some association with igneous
" rocks, the converse does not necessarily hold. Character-
»istically, coPﬁer deposits cluster about the borders of large
bodies of granitoid rocks; +thus batholithic margins are more
favorasble for copper deposition and concentratioh than are
the centres of such bodies. 01d and schistose rocks, as well
as the recent and recognizably igneous rocks, may be copper=-
bearing, as in Norway. 1In the crystalline schisté, deposits
are mainly of the Huelva (Spain) type. They are often assoc-

iated with'igneous rocks.

There is a world-wide association of copper ores 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,

‘althoughrgray 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 basing,

Copper deposits ocour in rocks of all ages, althaigh
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 volcanies and, in
a few cases, with altered biotite and quartz deposits, as at
Ducktown,Tenn, - The Cambrian and Silurian rocks are known to
carry éopper only as an intruded material. The Devonian and
Carboniferous rocks contain copper which ié, howeﬁer, of a
later age. In the Americas there are three great periods which
stand out: The pré-Cambrian, the Triassic and the Temtiary{
The latter period is most important in these continents, and is
~a period of igneous activity-which has continued interruptediy
to the present time. The rocks of this period carry workable

ore bodies.

Geographic Distribution: Geographically, copper minerals are

widely though irregularly distributed while deposits of econmmiec
importance usually occur in well-defined districts of relatively
limited areal extent; or if in larger areas, the copper p oduc-

ingrmines are commonly grouped in a few localities. In the
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 Americas, which produced in 1930 about71.91% of the world's
co@per, the larger deposits of this metal are found distributed
along the mountainous western coasts of both continents, and |
in eastern North America and in Northern Cénada. Across the
Atlantic, Furope, éccounting for 10.58% of the world's output
in 1920, receives its main copper supply from Spain Qnd
Portugal, Russia, Germany, Jugo-Slavia and Norway, with
smaller amounts-from Austria, France and Sweden. To the south,
Africa is rapidly demonstrating its possitilities as a future
source of copper. With the discovery and development of large
ore bodies of a relatively high grade, the central and southgrn
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
Ausfralasia are smaller factors in world copper production

with Japan accounting for 5.02% of the 1930 world output, other
- parts of Asia 0.74% and Australasia ( including Apustralia, New

Zealand,Tasmania and Papua) prdducihg in the same year 0.98%@

Types of Deposits: Copper deposits occur in various forms in

different rocks. Bedded veins in 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 deposits at Mt.Iyelleasmania and at

1. Above percentages are based on figures by the american Bureau
b nf 'ch+n-|‘ Q+tat+icttan ‘
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Bershi, Japan. Contact metamorphiec deposits are of common

| oceurrence 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 occur in well-defined and limited shoots, or, less
frequently, as simple and regular‘vein fillings. Impregna-
tions of the walls by the metgl may produce a low grade,gopper=-
disseminated contact depogit. Any type of country rock may be |
found but most frequently the profitable copper deposits are

found in igneous rocks.

Extreme diversity of occﬁrrenée, even when the deposits
are due to one series of ore depositing factors, is esﬁecially
well shown at Morenci,Arizona, where Lindgren has distingﬁished
the following varieties based upon occurrence and form:

"(1l) Deposits in limestone and shale, not connected with

figsure veins.( all carry oxidized ores almost exclusively;
rsrely chalcocite) :

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

b. Tabular bodies negr contacts of main
stock or dikes,following stratification.

¢. Tabular bodies following contacts of
porphyry dike. -
(2) Fissure veins:

a., Normal veins in porphyry or in any of the
other rocks near porvhyry contacts. The

pay part includes both the central sharply

defined veins and the surrounding partly

replaced porphyry, forming together a lode.
They carry chalcoclite as the important ore.

In the upper levels they sometimes carry

1.Weed,W.H. ¥The Covper Mines of the World" (1908)



oxidized ores glso.

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

¢c. Normal veins following diabase dikes.

- These carry chalcocite and oxidized
COpper OresS.

d. Stockworks. Irregular disseminatims in
phorphyry, quartzite and other rocks.,
These contain chalcocite and oxidized
copper ores."

Cbmmonly, in addition to the occﬁrrence of varimas types of
ore deposits, there are within a copper ore body, different zones
resulting from.certain prodesses 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-
ation process varies, it usually results in the formation of a
capping of leached and fregquently worthless material resting upon
a more or less altered and enriched part of the ore body. The
‘term "gossan®" or "iron cap™ is usually applied to these residual
masses capping pyritic deposits when the oxidation of the ore
leaves behind a more or less impure brown hematite or limonite.
The width of such a body may be greater than that of the original
ore deposit, provided that lateral exfension of the downward
percolating waters has taken place. The depths vary with 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 wem:hering,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 o

*

: . 1
‘in connection with the genesis of copper deposits.

v

GENESIS OF COPPER DEPOSITS.

The geologic and‘economic significance
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_éAmore reliable appraisement and
intelligent de%elopment of metalliferous deposits in general.
Increasing appreciation of the significance of such a study has.
undoubtedly advanced hand in hand with metallurgical progress ,so

as to render mining operations distinctly less haphazard.

The science of "ore genesis" in&olves 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. Thé genesis of ore.bodies, like other scientific
phenomena, was in its early stages of study regarded largely as a“
matter of éhance. As more careful investigafion followed and.
an increased

" seientific conclusions were reached, knowledge of the genesis of

ores resulted.

The o0ld view concerning the origin of ore bodies was that

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

1. Postea, pp. 44-53,

w
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no genetic relationship to the contact rock. Discovery of such

. bodies could therefore be made onl& by chanée. This early.

view grédually becameAmodified 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 depth. Another attitude, apparently quite
inconsistent with the preceding one, maintained that all ores
were concentrated at, or near to,the Earth's surface, end thus
the values, when discovered would tend to decrease with depth.
-The modern view coneernihg.the genesis of ores may be regarded

as a different applicationAof parts of the two preceding theories
and containing in addition other more significant principlés 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 effegtive. Concentration A
of ore minerals to produce orerdeposits may be aécomplished by
elther descgnding or ascending concentrating processes. Further-
more the ore is regarded as being definitely related éo 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 véluable information concerninglthe genesis

| of the deposit. Frpm.this study, the probable nature of the ore
below, its possible vériation in value, and its estimated depths,
may be anticipated with a reasonable degree of accuracy, other

~ things being equal.
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In the general classification of ore deposits there
may be diétinguished two main types: those of primary , and
others of secondary 6rigin. Primary deposits are those which
have originatéd in the position in which found, while second-
~ary deposits on the other hand, have actually been changed
from their original position. The former group of deposits -
may with respect to the origin of the enclosing rock, be of
either contemporaneous or suﬁsequent genesis, and accordingly
the terms "syngenetic™ and "epigenetic" deposits have been
fespectively applied. Syngenetic deposits are those formed
at the same time as the enclosingocgnd‘by the same geologic
process or processes. In - -this class are tb be found those
deposifs known as "magnatic segregations" as well as those
termed "sedimentary ore beds"". The second sub-group ,
called "epigenetic deposits™ includes those ore bodies which
have been formed after fhe'QnGIOSing'rock, and which are
thus younger than the country rock in which they are contained.
This class includes such important deposits as:
1. Fissure véins; which are fillings in fissures. »
2. Cavity Fillings, including any type of cavity fills.
3. Replacements produced by chemical substitution.

4, Contact-metamorphic deposits-along igneous '
. rock contacts.

5. Impregnations or mineral disseminations.

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 some other minersal
concentration. Detailed study of the gopper'deposits of the
world seemS to indicate that the original source of copper is the
hot, poténfially molten material of the Tarth's interior. The
chief means of its transportation has been the uprising magma
which consolidated near the surface as intrusive igneous rock.
Sometimes magmatic differentiation has occurred to an extreme |
degree and resulted in the formation of magmatic ore deposits
of either an acidic or basic character., Other metalliferous
material may have been trénsported by igneous emanations from .
cooling and crystallizing magmas to produce ore~dgposits of a
contact metamorphic genesis. Again, the final phaées 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 however, by a process of
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leaching and redeposition through the instrumentality of
. atrospheric or magmatic waters, thereby producing deposits in
which the metal content is sufficiently concentrated as.to be
workable, ZLeaching of igneous rocks, or their sedimentary
and metamorphic derivatives is a common process in ore concent-
ration.l' Contact-metamorphic deposits and disseminated
sulvhides in igneous rocks or in lean ore deposits , in veins
and masses may become re-concentrated and enriched. Meteorie
and magmatic waters carrying a metallic material in solutioﬁ
may come in contact with such sedimentary rocks as limestone
and calcareous shzsle, to'react with them and deposit any metal
content and produce thereby a commerclal body of ore. Regional
me tamorphism may cause a segregation of previously disseminated
matefials, ané ‘thus form an ore body. Practically all the
workeble deposits of copper ore 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 favbrable location relatively‘adjacent.
Not infrequently repeated concentrations of this nature have been
indicated. Ore'deposition at the present time, may, according
o one authority at least e in operation in three different
ways, namely: '

l. From volcanic emanations,.

2. From hot-spring.  waters.
S« Trom sea water.

l. Postea pp. 44-53,
2. Weed,W.H.: "The Copper Mines of the World® (1908)
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Copper salts aﬁd copper oxide ( Tenonite, may be.in the f irst
case, deposited by volcapic vapois and gases in the rifts
about active volcanoes, but no such bodies 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 mineragls. Similarly the Boccheggiano vein of
Tuscany,Italy, is 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 1s a matter of scientific
: éuriosity only. Thus no contemporaneous depoéition 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 instancés more than one mode of origin may be
represented by the deposits of one locality. This 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, Spain. The following grouping of the variocus modes of
ofigin of copper deposits is suggested, and wili be used in

this paper: -
1. Magmatic segregations,
2. Contact-metamorphic deposits.
5. Deposits from hiydrothermal solutions.
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a. Hypothermel deposits.
b. Mesothermal deposits.
‘¢e. Epithermal deposits. _
4. Deposits formed by superficial alteration.
a. Deposits in the zone of oxidation.
b. Deposits in the zone of secondary
sulphide enrichment.
Magmatic Segregatlions: The slew cooling of an intruded
magma and consequent crystallization -
of the mineral solutions may give rise to a gradual differ-
entiation and concentration of the mineral content, There
are varied opinions regarding this proeess and no définite
conc lusions have as fet been reeched. "Differentiation®
meang the separstion of a homogeneous rock magna into chem-
ically unlike portions { Iddings). For each region, in each
separate®magma basin®™ there is.probably.one essentially homo-
geneous ﬁagma from which, by some process of differentiation,
( the various rock types have been derived. Evidences that
'thié phenomenon has actually occurred are revealed by: (1) the
- consanguinity of different rocks in a given distriot;(2) the
successive effusion of unlike laves from the same ven#; (3)

different products found in the same intrusive body; and"(é)
by the study of individual flows., '

According to Lindgren some of the earlier attempts to
account for differentiation may still prove to be of some valuse.
They include the application of "Soret's principle" which |
states that when two parts of a éolutionlare at different temp-

eratures there is a tendency toward selective cbncentration of
[
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certain ingredients‘in the cooler portion. G.F.Becker, howevepi
showed that such‘difoSion‘in a viscous mass would require
almost unlimited time, while H.Backstrom explained that the
action could not alter the relative proportions among the
diésolved 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 differentiation by
‘ cfystallization is now accepted by many'petrographers. )
While coppef sulphides, particularlyucha100pyrite, mey
erystallize from a magma under such eézﬁitions, there are but
few cases known where copper ores have had this.typé of origin.
Furthermore, there is considerable difficulty in such cases
in ascertaining with any degree of certainty, whetherhsuch
ore bodies originated in this manner, i.e.,whefher the copper -
sulphides have érystallized from fusion, or have been deposited
from solution. Certain criteria which may be employed in this
'connecﬁion, should conditions permit -and provided metamorphism
has not obscured the original characters of khe ore body, have
been suggested by Riesa as fbllbws: (1) primary intergrowths\
of sulphides and silicates;.(z) incluéions of sﬁlphides in

1. Lindgreén, Waldemar: "ifineral Deposits™ (1928) p.125.
2. Ries,Heinrich:; "Economic Geology" (1925) . D.T99.

.
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silicates,, (5)'corrosion of silicates by sulphides, if the
latter crystallized‘later, and (4) absence of hydrothermal
effects. gopper ores of this genetic class fall into

two groups: (1) thbse 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 believeto be injections.

» It has'been shown that sulphide minerals may undoubt-
edly cryétaliize from a magma and that’they are as essentially
megnmatic as are the silicates, The number 6f minerals which
‘may thus originate however, is comparatively limited but
includes among others pyrrhotite, pyrite and chalcopyrite.

The mode of origin of magmatic deposits has been much studied
and discussed but aQ yet no geheral agfeement seems to have
materialized. It 1s generally conceded that the Sudbury,oOnt., -
nickel deposits may have had this type of_genesis. Somewhat
gimilar depbsits occur at Insigwa and at Qokiep , Namagualand,
both in Cape quony,Aﬁricé. The disseminated bornite and
chalcocite deposits in Norite , at the Engels Mine, Plumas

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

The Sudbury deposits lie in an undulafing rocky plain
vhere an immense'laccolithic sheet of synclinal form encloses
. tuffs and ordinary sediments within a natural basin. The
country rock is a basic morite on the oﬁter border and grades

o
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inward to micropegmatite and then granite. The ore bodies
occur on the outer margin of the pnorite of which the more

or less continuous outerop encloses 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 distinet 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 chalcopyrite éssociated with nickeliferous pyrrhotite. -
and in general fhe metal content conéists of two parts of’

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

of the combined metals.,* ' The genesis of this particular
deposit has been under discussioh for over 35 years, and
probably may continue to claim the attention of geologists
for some time to come., The genewral opinion at present
seems to be, hpweve:, that the genesis-is a result'of
'magmatic dif?eréntiation; with a minor reconcentration by
magmatic waters especiélly when brecciation or fissuring

has provided channels for the circulating solutions.

CONTACT-METAMORPHIC DEPOSIT: - The class of ore bodies knoﬁn

as "contact metamorphic deposits®
includes those bodies formed under the influence of contact-~

metamorphism near or along the boundaries between plutonic

1. Ries, Héinrich: "Economic Geology" (1925) p.799..

>
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eruptive masses and other rocks._ The intruded magmas are
usually sur?ounded by an area of changed rock exhibiting
gradually fading metamorphic effects, sometimes over a width
of even cne or two miles, but usually of considerably narrower
extent. Ordinarily the immediate contact is sharply defined
with no evidence of melting. DPresent day'petrographers
.( as Alfred Harker, and A.lacroix) seem inclined to favor the
view that water and other gases céntaining COp; HpS; 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
$0 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 issued
fromt?glatively cooled body, and finally.fissuring may then
have permitted the escape of gases from the still fluid maéma
within, These magmatic solutions and vapors enter the {
ad Jacent rocks and produce a series of changés. The ultimate
'character of the rock depends upon the 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-
aceous shales, sandstones or quartzite, but the more permeable

vlimestbnes, dolomites and calcareous shales seem to be most
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receptive to these mineralizing solutions and also appreciably
facilitate their action by a characteristic fissuring and
crushing along the contact. ™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 rapidly so that the calcareous rock
may thus be converted to a maés of ore and gangue minerals.

In places whole beds of pure limestone or dolomite may be

changed %o garnet, diopside, and other silicates, as well as

to recrystallized éalcite together with magnétite, specularite
and simple metallic sulphides. Characteristic of such deposits
are to be found ore minerals of simple composition such as pyrite,
.chalcopyrite, bornite, pyrrhotite, zinc blende, molybdenite;
arsenopyrite, and galena. The oxides are represented by such
minerals as: ﬁagnetite, ilmenite, hematite, quartz, corundum

and various spinels. Silicateé, especially those containing
lime, magnesia and iron, are abundant and include garnet, epidote,
zoisite, diopside, vesuvianite, anorthite, wolléstonite and
others.. On the whole, iron andf00pper deposits are of most
frequent occurrence in such bodies while zine, 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 particularly important in the

United States.\ The ores of some of these deposits are, howe%er,
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not entirely of this origin, ‘but includé 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 Meiico. Such deposits
have also been found in Australia, Japan and in Korea. AS &
rule these deposits occur at the contacts of small intrusive
masses against limestone and they are often of irregular or
tabular form. The ore is usually massive and coarsely gran-
ular while the ore minerals commonly cdnsisf of chalcopyrite,
bornite, pyrite, and less frequently pyrrhotite and zinc.blende.
Enrichment often resulfs from the oxidation of the copper, as
at Ely,Nevada.l' 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 Mine, New Mexico;
those of the Clifton,Bisbee and Silver Bell districts in

Arizona, and those of Cananea, lMexico, and of Bingham,Utah.,

The San Pedro Mine in New Mexico is in a deposit
produeed 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 me tam-
~ orphosed. A purer limestone bed of about 50 feet in thickness
has undergone strong metamorphism and ga?netization ovér an

extent of a halfmile.. At this horizon occur irregularly dis-

l. Postea, pp. 44-53,
' v
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tributed bunches of chalcopyrite, and the beds have been
followed for a distance of 300 feet. This locality is the

most imgortant of fourteen such districts found in the state

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 originated in'a magmatic
intfusion below, having préviously formed a part of that body
either as a chemical constituent or elge locked up within it
as connate waters, It seems quite possible that these
solutions emanated from the magma while differentiation l'and
cooling were takiﬁg 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, though probably a leés 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 deposgited approximately as their crystallization temperatures
were reached. Rather distincf varlations in this ordér of

4

1. Anfe, Do



deposition might however, be éxpected as a result of the
varying chemical nature of this particular solution of the
contact rocks, so that only a very approximate order of
mineral deposition can therefore be assumed. Sufficient in-
formation has neverthelsss been‘obtained to distinguish three
theorétical zones of ore deposition. These are knﬁwn as the
nHypothermel™, the "Mesothermal™ and the "Epithermal® zones
and are reSpéctivel& characterized by 1nténse, moderéte, 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 coniitions minerals may be taken into the solution
'as it ascends a fissure or other channel, while certain sub-
gstitutions may also be made. It is obvious, therefore, that .
~the dissolved content ofAhydrothermal solutions may vary

greatly from place to place along the passageway.

AHypothermal Deposits: '0f the deposits produced by ascending
hydrothermal solutions those formed at
greater depths under relatively intense conditions of temper-
ature and pressure, are here referred to as "hypothermal deposits®
The solutions concepned may be further differentiated by the ‘
term "hypothermal sblutions". as contrasted with "mesothermal®
and "épithermal solutions" of the two higher zones. Hypotherﬁal
deposits are formed at very considerable depths below the surf ace

and these bodies togesher
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v
with contact-metamorphic deposits, pegmatite dikes, replacement
'deposits and ordinarﬁ veins are all developed very soon after
the intrusion of the magma énd while the temperature is declin-
’>ing. Characteristic of hypothermal deposits are such minerals
as the pyroxenes, spinel and magnetite, molten only undef con=-
ditions of high temperature (300-500°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, copper, iron, tin tungsten and arsenic.xh
The texture of the veins is generslly coarse-grained and irreg-
ular, while crude banding may result from deposition but not of
as pronounced or as.¢elicate a hature as 1s the banding found" |
in deposits nearer the surface.  The mode of fissure-filling
gt 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 héve been
offered concerning this gquestion but almost as many pertinent
suggestions of a controvertive nature have'been made by others.
There have been advanced such theories as: that crystallizgtions
would tend to force the walls apart and thus provide space for |
the ore; of that mineral solutions wefe injected under great
pressure along planes of weakness, thus bpening figssures 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 outstandihg copper ore body rep-
resenting this class of deposit is in the copper-tourmaline
deposit of the Braden Mine 1. situated near Santiago,Chile.
Here in the ™estern Cordillera at an elevation of 8,000 feet,

a very extensive ore body has been developed over a vertical
distance of 2,500 feet and ié capable of producing about

15,000 tons of 2 to 3 percent ore daily. In the Cordilleran
region of the United States a number of smaller but similar
deposits occur, the 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 gbld-coPQer
deposit in which fourmaline.is absent or rare. 'The deposits of
the Rossland district 2. of southern British Columbia are of
this class. They consist of réplacement veins along shear

zones in monzonite aﬁd auglte porphyrite, with granodiorite
occurring somewhat adjacent and thought to be an extension of
the Trail batholith, the emanations from which are beliéved

to have formed the deposits. The ore minerals afe‘chalcopyrite
and pyrrhotite, with some pyrite, arsenoPyrite, molybdenite-and
bismuthinite, the ores containing about $5. to 210. in gold,
0.5 of an ounce in silver as well as 0.5 t0 3 pefcent coOpper.

-

1. Lindgren Waldemar' "Nlneral Depogits™ (1928( pp.771-2.
2. " : " . (1928) p. 773.
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Tn Western New South Wales, Australia, the deposits of the
Cobar copper mining district are also representative of this

type of deposit.

Mesothermal Deposits: . Mesothermal deposits are those formed
under intermediate‘condificns of temper-

ature. and pressure by ascending hydrothermal ( or, in this

zone, mesothermal) solutions, genetically related to a magmatic

intrusion. ©No distinet line of demarcation indicates the

boundary of the zones for there is a gradual transition into

the hydrothermal zone below and the,epithermal zone above,

This intermediate zone is thereforé characterized 5y conditions

of moderate intensity as contrasted with those of higher inten-

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

in the upper zone. Mesothermal depoéits are believed to have

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

after magmatic intrusion, with temperature conditions ranging |

from 150 to 300°C., and at pressures estimated from 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 unde? comparétively moderéte conditions,

such as the sulphides, arsenides, sulphantimonides and sulph-



-arsenides, and most commonly include pyrite, chalconyrite,-
arsenopyrite, galena, zinc blende, tetrahedrite, tennantite
and native gola. The predominent metels are gold, silver
copper, lead and zinec. The usual gangue mineral is quartz

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

This class of deposit, yielding a large proportion of
fhe world's production of gold, silver, copper,lead and zinec
is of particular importance in the Cordilleran region of the
Americas, as well as in other parts of the world where‘igneous
activity has been followed by deep erosion. Coppér-béaring
veins resulting from filling ére not so important, unless re-
placement or descending surface waters have been instrﬁmental'
in enldrging and enriching the ore body. Many of the great
copper deposits are meinly pyritic replaceménts of igneous
. or sedimentary rocks while other bodies are rendered commercially
important through an accumulation of secondary chalcocite either

in wide replacement veins or in broad mineralized zones.

Chalecopyrite:-Quartz and Bornite-Quartz velns are locaily
common but rarely of much economic significance. DPyrite-FEnargite
veins are less common, but in places are of importance. Thé
latter mineral, enargite, is relatively rare bﬁt if occurring
it seems to favor mesoth?rmal deposits. The most common example

of this parficular type of deposit is to be found in the vicinity
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of.Butte,Montana}‘for somc time the mést productive copper
district of the world. There the copper deposits consist of

a system of'steeply dipping veins cutting quartz monzonite,

and a few dikes of aplite and granite porphyry have been

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

in the main pyritic replacements along fissures, the ore being a
heavy, coarse-grained'sulphiae aggregate in which pyrite predom-
inates and with which are also associated sﬁch minerals as
enargite, tennantite, bo:nite! chalcocite, zinc blende, and a
1ittle chalcopyrite and co&ellite. The ores average from 3 to 4

percent covper and 4 ounces of silver per ton.

Pyritic replacement deposits formed in this zone are
chagracteristically 6f a fine-grained massive texture, and
though consisting mainly of pyrite, they derive their commercial
importance from the smallvpeicentage of chalcopyrité contained.
Illustrative of this type of deposit might be'mentioned those
of Jerome,Arizona; Shasta County, Germany. The most important
mine of the Jerome distriect is the United verde®: which during
the period 1888-1922 produced over 500,000 tons of copper with
some gold Qnd 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 ore is fine-grained, containing from

\

1. Lindgren,waldemar- "Mineral Deposits™ (1928) pPp.696-700,
2. " L (1928) pPp.701-2.
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4 t0 6 percent copper and in addition to chalcopyrite, the iron
sulphide is associated with sphalerite and tennantite. The
gangue minerals are quartz, chlorite, dolomite, calcite and

sericite, while high temperature minerals are practically absent.

Epithﬁrmalvneposits: Epithermal deposits are those bodies
formed relatively near the surface by

ascending hydrothérmal ( in this zone "epithermal") solutions,
which are genetically related to some magmatic infrusion. Again,
no distincet line of demarcation of the zone is to be ekpected,

but rather a transitional change occcurs between this and the meso-
thermal zone below. Prevalent temperature and pressure conditions
( the important factors in the fofmatiqn of such deposits) are
" here considered to be of relatively élight intensity. Such
deposits are believed to have been formed compératively near the
surface under temperatures estimated from 100 to 2000 ¢., and
usually in igneous flow rocks, 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 gbundance of
open cavities, the irregularity of the veins, and the smount of
splitting and brecciation. Banding resulting from deposition,

is commonly well and &?Iicately developed as contrasted with

the crude banding of lower deposits. Quite extensive vein

systems commonly occur in which the extent of any one vein is
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relatively short. The mos%t common ore minerals are native gold
and the tellurides, native silver, argentite, complex silver
sulphantiﬁonides and sulpharsendies, ineluding proustite,pyrar-
gyrite and tetrahedrite. Of the metals, gold and silver are
decidedly most important, while the base metals are present

in some cases but seldom are minés here worked fér these metals.
Iﬁ some places large bodies of galena aﬁd zinceblende occur, but
it is decidedly rare to find an important coppér deposit in the
epithermal zone, while the pyritic deposits are absent. The
common gangue mineral is quartz but locally calcite, dolomite,
barite and fluorite may occur. '

As suggested above, the mining of base metals from -

epithermal deposits igs rather excebtionaliand heavy deposits

of pyrite and chglcOpyrite are very rérely found. At the
Los.Pilares Mine, Mexico, however, a large body of low grade
pyrite and chalcopyrite has been mined, while at Ashio,Japan,
someﬁhat similar veins are wofked. The ores of the SanxJuan
region,>Colorado, sometimes contain copper, as tetrahedrite

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

Native Copper Deposits: The great deposits of native gopper in
the volcanic flows and conglomerates of the
pre-Cambrian in Michigan, are the source of metal for one of the
prineipal copper broduging districts of the United States. These
deposits are mainly located in northwestern Michigan on the

Keweenaw peninsuld on the southern shore of Lake Superior. Mining
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operations were commenced as early as the yeaf 1846, and the
beds are now being worked by a‘dozen‘large mines., The deposits
yieélding the greater part 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 ore is in the form of veins -following fracture
zones. During the early years, the veins were mined but they

are now of little importance.

Concerning the genesis of the deposits, authorities differ.
. Van Hise concludes that "™ the almost universal association of
small quantities of copper with the Keweenawan lavas is fhe most
conclusive evidence that these lavas are the source'of the metalw®
Lindgrenl' believes.that " $he deposits indicate eruptive after-
effects at a temperature not higher than 250°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 undoubtedly present,‘may be left an open
qdestion. If ascending, 1ts volume must have been extraordinarily
lérge". More recently the deposits have been examined by Messrs.
Graton,Burler aﬁd Broderick for the Calumet and Hecla Consolidated
Mining Company, and it seems that they'attribute the concentration
of the ores to ascending thermal waters. They suggest that the

_/
structural faults, folds and fractures are earlier than the ore.

1. Lindgren,Waldemar: "Mineral Deposits™ (1928) p.5ll,
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The hot solutions containing copper sulphide of magnatic origin
are believed 10 have ascended throuyh the porous conglomerate

and through the vesicular .tops of the flows, and to have deposited
cOpﬁer'under the imnermeable and next overlying fIow. /These
solutions were reducing and so bleached the rock. The abundance
of FeosOzin the tops of the flows oxidized the copper sulphide to

"sulphate, at first cuprous sulphate, from which the copper was

1‘in discussing

precipitated upon cooling and dilution. R.C.Wells
the chemistry of the deposits of native copper from ascending

solutions, gives the following scheme of reactions:

(3) CupS & 3Fep0z & 5HpS04. = 2 Cu.& 6FeS04& 5HpO.

Deposits Formed by Superficial Alteration: The uppermost part

of a mineral deposit,
vithin the zone of weatheriﬁg, is usually more or less altered
by surface waters containing free oxygen. While the direct
effects of weathering are noticéable above the water table, certain
indirect alterations are to be found gelbw this level of ground

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

parallsl to the topographic surface and typically above the

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

w
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ﬁater table is known as the zone of oxidation and within it weather -
ing is usually pronounced. The two influential processes of sig-
nificance in mineral concentration are oxidation and hydration.
The downward circulating surface waters containing important
quantities of oxygen enter a mineral body and tend to form variais
soluble compounds of the materials of the mess, and to carry these
tb lower levels or clse reprecipitate them nearby. Below the
water table the dissolved content of the downwerd percolating
solutions may, under changed conditions, be deposited, and thus
lead to mineral concentrstions of considerable significance, in a
region known as the zone of secondary sulﬁhide enrichment,
Deposition of the dissolved content of these solutions is due to
the deficiency of oxygen found below the level of ground water,
rtOgether with the reducing effect of the primary sulphides there,
the actual precipitation being thué dependent upon the presence of
such pre-existing primary ores. Deposits formed by descending
surface wéters, through the alteration and rearrangement of the
mineral content of the material affected, are known as "supergene
deposits™., Frequently by such proéesses, previously worthless
but mineralizea materials have been worked 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 concentréted. A "gossann

or capning of residueal material ﬁay be developed on the top of the
oxidized zone as a result of the solution and removal of certain

soluble constituents of the original roeck. TFreguently this capping
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is a spongy mass of cellular iimonife, the hydrated ozxide of
iron (Pel, 3H20). Between the zone of oxidation and that of
secondary enrichment is an intermediate zone marked by the

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

in which oxidizing and reducing conditions might be expected

to alternate, accordingly as the water level drops or rises.
"hile the zone of oxidation is being developed the lower zone

of secondary enrichment is bteing simultaneousiy established
intimately end dependently ﬁpon the pre-existing primary ore

or leaner minerslization. It is the presence of the latter
mineral body which provides the reducing conditions instrumental
in the deposition of the enriching minerals. The supergene
sulphide zone is generaliy of limited thickness, though commonly
it is the richest part of the deposit. OQbviously from the
physical staﬁdpointrthe ground water level is the decisive fzetor
involved in the formation of the enriched deposit in that it

controls the equilibrium between oxidation and reduétion.

Copper is one of the most easily dissolved and transported
me tals and in that it is also réadily precipitated, its supergene
deposits are often of much importance} Migreting downwards through
the oxidized zone and through the supergene sulphide .zone, it may
become concentrated in deposits of considerable commercial impor-

tance. Chalcopyrite, one of the most common primary sulphides of

rd



. copper end iron, is readily oxidized by oxygen and by ferriec
sulphate and slightly by dilute sulphuric acid. Bornite is
more strongly attacked by the acid, but is edsily'decompoeed
by ferriec sulphate, Chalcocite, like oovelliﬁe, is very
slightly reactive to sulphuric acid, but is decomposed by -
ferric solutions which change it %o & sulphate &nd probably .
also to covellite. Enargiﬁe and tetrahedrite are also slowly
decomposed by dilute solutions of ferric sulphate. The dupric
sulphate in the oxidation process is more or less fixed by the
formetion of malachite, azurite, brochantite, chrysocolla, as
a result of solutions containing carbonates or silica. These
minerals being‘slightly soluble in water containing carbon
dioxide and readily in dilute sulphuric acid, may likewise

be leached, or they may be reduced to ocuprite and it to native

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

In the Zone of Oxidation: Illustrative of the chemical and
| | mineralogical changes which occur in
‘these zones of alteration the example of chalcopyrite in a
quartz gangue may be oited. With erosion and ultimate denud-
ation of the vein, weathering agents, particularly oxidation
and solution assisted by carbon dioiide, attack the rather
unstable chalcopyrite which is readily oxidized. The iron
molecule first oxidizes toAferrous sulphate and further to
ingoluble hydrated iron oxide, and remaining as a limonite,

1
gives rise to a goassan” formation.

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 ( malaghite or azurite))
silicate ( chrysocolla), or chloride ( atacamite), according to
the chemicsl content of the meteoric solutions and the contact
rock. Such dissolved mineral content as is not fixed in this
mammer may proceed downwards with the meteorie solutions to be
deposited under the changed conditions of the zone below. The
depth of the zone of oxidized and reprecipitated minerels
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 Chiie,l the
level of ground water is very low. The copper-bearing minerals
commonly fixed in this oxidized zone includes the carbonates,
(malachite and azurite)the hydrous silicate‘(chrysocolla),Whilé
under arid conditions the chloride,( atacamite) may be found.
In addition to these, native copper also occurs. The hydrated
oxide of iron is characferistic especially of $he upper cappihg;
the goasan, if such has been developed, The necessary
conditions for this zbnelare excess oxygen and notvtoo rapid
leaching. It is typically an oxidizing and acidic zone, as

compared with the lower one of basic and reducing characteristies.

The reactions of the oxidized zone are egsentially those
occurring between the sulphides, oxygeh, wéter, carbon dioxide

and sulphuric acid, followed by any reactions between the pro--

w
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-duets thus formed or between these‘and other minerals.

CHalcopyrite is oxidized as follows:
(1) CuFeSg & 80 = CuSOy & FeSOy e

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

(2) TeSp & 70 & Hy0 = TFeSOy & HySO4

Ferrous sulphate oxidizes to ferric sulphate:

Ferrous sulphate may yield limonite as repreéented in the
following equations:

(4) 6FeSO4 & 30 & 3HpO 2Fep (S04)3 & Feg (OH)g

(5) Fey(S0,), & 6H,O 2Fe(0H); & BH,S0,
(6) 4Fe(OH)z= 2Fe,0z & 6H;0 =2Fey0z. BH,0 & 3H,0
(7) 2Fey(S04)5 & 9Hg0z 2Fes0z. BHg0 & 6H5S0,
The copper sulphate, as oxidized from-chalcopjrite according to
equation (1), may be held in the oxidized zone by the following
reactions: 1. ' .
(8) 2CuSoy & 2HyCa(C0z)o=CuCOz (CuOH)o& 3C0o& 2CaS04 & HgO
(9) BCuSO, & BHzCa(COp),=2CuCOz (CuOH)p8 3Cas0,& 4C0p& 2HgO
(10) 2CuSou& 2Feéo4& HpO =Cug0 & Feg(S04)5 & Hp S04
(11) Cug0 & H5504=Cu & CuSOy & HpO

' (12) CuS0,& Hy0a(COg)y & H,510, =Cu0.H,S10,4 & CasOueH0 & COp

1. Ries,Heinrich: "Beconomic Geology" (1925) p.480.
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In Zone of Secondary
Sulphide Enrichment: The downward penetrating waters carrying

dissolved copper salts eventually reach a region

where oxygen is deficient, where the amount of free acid is decreas-
ed, and where reduction,rather than oxidation, is actually favored.
There, in the zone of secondary sulphide enrichment)the copper and
other metals inrsolutidn tend to form new combinations and
‘to be reprecipitated as insoluble solid compounds. This is accom-
plished mainly as a result of the contact 6f these solutions with
the sulphides and other unoxidized ore minerals of the primary |
.pre-existent~zone oflrelatively leaner mineralizgtion, upon which
minerals the deposition is made, and upon the presence of which

- deposition depends. The enriched zone is commonly characterized
- by the formation of secondary sulphides, sulpharsenidés, sulphan~
timonides and bismuth-bearing minerals, aé well as cuprous oxide
and metallic copper. Probably thé most common copper minerszl
occurring at this horizon is chalcocite, which is subsequently
altered to form covellite, - Bornite is likewlse common while
secondary chalcopyrite may also be found. The most frequentl&
occurring complex sulphides of this zonelinelude tetrahedrite,
tennantite, famatinite, enargite and sometimes bournonite; The
~extent of this zone as previously noted-l' is relatively limited
and of variable thickness and richness. fﬁe concentrating

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

1. Ante.p. 44,
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al titude, relief,vpermeability‘of the rock, geologic history of -
the locality and the chemical and minersl composition of the ore,
Lowering of the water table permitting the oxidation of the
previbusly enriched minerals may cause a progressive downwerd
enrichment and an eﬁlargement of the zone for, when the cupric
sulphate solution comes in contact with the primary or enriched
ore, fresh cupric or cuprous sulphidé will be formed %‘ Moreover,
secondary enrichment of the copper sulphides need not be confined .
below 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 ﬁo explain thé precipitation
of metallic sulphides in the zone of secondary enrichment.
Frequently several intermediate steps may be involved in the
procesé of changé from one mineral to another. For exaﬁple, it
has been shéwn that in the conversion of pyrite to chalcocite by
the action of copper sulphate, the order of transforﬁation in some
cases at least is probably as follows: Pyrite- Chalcopyrite- Bornite-
Covellite- Chalcocite. The following reactions seem to be approx-
imately representative of some of the'mofe important changes;

(13) SFeSg & 14Cus04 & 12H20 =7CugS & 5FeS04 & 12H2S04

(14) FeSp & 40uSO, & 3506 6HgO = 2@237& FesS0, & 6E,S0,

1. Lindgren,Waldemar: "Mineral Deposits™ (1928) p.942.
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(15) CuFeSp & CuSO4 = - 2CuS & FeSO4
(16) 2FeS,& Cus0,& 20 = CuFeSy& FeS0, & SO,

(17) CuSO4& st = Cus & H2804

Examples of the oxidation of copper deposits and result-
ing secondary enrichment are numerous and widespread. OfF tye
outstending deposits of this nature might be mentioned thoé; of
Ely,Nevada; Bingham,Utah; Ray and Miami,Arizona; Rio'Tinto,
Spain and the Chuquicamata deposit of Northern Chile. The
deposits at ﬁly,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
imﬁortancé, 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 migration of the soluble
- copper sulphate from the porphyry itself and from the contact
deposits above, This resulted in a marked chalcocitization of
congiderable extent and of sufficient richness to warrant the
large scale operations now being carried 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 gfound water is estimated at 385 feet below the surface;

»
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111, METATIURGY OF COPPER

INTRODUCTION ..

Early Development: "The art of metallurgy as-practised during
the centuries preceding the great scientific
awakening of the last one hundred years was more in the nature
of a craft, the rules of which had been handed down from father
to son for countless generations. New discove;ies and new |
" processes were few and far between and then were based most
frequently on accideht 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 ¢conomic 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 metallurgic processes are carried out.for the most part on
a ' rigorously scientific basis, resulting in an enormous product-
ion, at low cost relatively speaking, and of such composition
or such purity as to make the metals available for glmost any

purpose desired in industry on the. artsm, >

~Little is known t0 us concerning the earliest methods

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

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

L
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to be found on the slopes of Mt.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 entifely oxidized. " The
fact that these ores‘were readily reduced would largely ex-
plain the early production of copper in this érea; Simple
pit-smelting of the ores with charcoal.mould 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 well as é furnace,
constitutes evidence of a prehistoﬁic copper metallurgy
‘dating back to about 1300-1000 B.C. The furnaces with interior
cross-sections of about five square feef, were made of broken
stone and clay. Masses of slag weighing about forty pounds
are to be found and these were'proﬁably pulled out of the
furnaces by means of poles. Resmelting was the probable .~
means of refining thé coarse,black copper of the first
smelting operation in that refining slags have been found to
contain copper shot, which have but little sulphur content.
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 furnished 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
higstorian all the ores were first roasted in heaps unfil~they
took on a red color, then the roasted product was removed and
smelted in small shaft furnaces charged with alternate lgyers

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 ;mpure, brittle, black
me tal suitable only for casting and was ther 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 pf'the molten copyper.
Brasé was produced by the smelting of metallic copper with powd-
ered calamine mineral (2Zn0.Si0p. Hp0) or with zine 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 coppeﬁ. In Austria during the thirteenth century
the precipitation of copper from certain mine watefs we s
practised, although the Romans had probably been familiar with
the reacfions involved. In 1272, in Graslitz,Bohemia, sulphide~
iron-copper ores were smelted to a matte, roasted in heaps to/;
: convért the copper to sulphate, then leached with water and the

metal precipitated on iron., The metallurgy of copper as at the
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beginning of the sixteenth century is discussed at considerable
length by Georges Agricola, in his work Vom Bergwerk (1556).

There were then seven sevarate operations as follows:

) The roasting of the ore in heaps.

) 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 of
a higher grade. _
(5) Roasting this matte to expel practically all sulphur,
{6) Smelting this roasted matte in blast furnaces to
"black copper" .
(7) Refining the black copper on hearths or in simple
reverbera tory furnaces resembling ancient
cupeling furnaces." . _

n(
(

AV o

The presence of appreciable quantities-of silver in a copper
ore requires its extraction by the smelting of the blzck ¢opper,
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. 1In succeeding centuries important developments
includéd suchtypical processes as the German Blast Purnace, and
the English Reverberatory practice by Wright in 1698. The latter
process has»showﬁ certain advantages over the former as regards
capacity and economy of operation. During the last half century
the metaliurgy of copper has developed remarkably and has atf;he
present time reachéd a very high d&egree of efficiency. TFurther

progress cen be expected as the copper deposits of high grade

become gradually exhausted and as metallurgists concentrate tle ir

1. Pulton C.H.: "pPrinciples of Metallurgy" (1910) p.l8..
w
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skill upon the treaitment 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

metallurgicel progress. The application of high
explosives and later, the ugse of the mechanical rock drill,
and other mining machinery have combined to successfull&,
supply the greatly incredsed demand for the rzw material.
Frequentiy underground methods of mining copper ores are
adopted but extensive open-cut mining and the use of sfeam
shovels, as at Bingham,Utah, has been found successful .
where circumstances ﬁermit. Recovery of copper from nine
drainage water has long been préctised; and at Butte,Montana
suéh operations are oﬁ a large scale. The leaching of ore
in place is closely related to mining operations, in that
this 1s one method of removing the metsals from the ground,
a process which may become of considerable signifiéance in
operating the low grade copper proper ties of thg future.
At the Ohio Copper Coﬁpany, Bingham,Uteh, an entire mine
is being leached in this manner. This particular proper ty
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 remaining rock resulted in its exposure to the action of
the ground waters which drained to the main adit of the mine.
Consequéntly precipitaﬁing "] gunders" 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 practiéed.
In this process #he low grade material of those stcPes which
have yielded their high grade ore, is broken. Sometimes the
'solutions are drained to lower levels and the copper precip-
itated on iron, after which the spentvsolutions are pumped back
over the ore. In certain other cases the solutions ére pumped
'-to the surface for precipitation. Care must be exercised in
having the solutions efenly distributed over the ore, and for.
this purpose a rubber hose has been found satisfactory. Part
- of the solution must be continuously Withdrawn for "strippingn
and discarding, in order to pre#eﬁt the excessive bﬁilding up-
of iron salts. 1In the precipitation process the introduction
of air has been found beneficial. The cost of productioﬁ of
copper by these methods, and including smelter charges, has béen

' 1 .
as low as 6.87 cents per pound .,

1. Hayward C.R.: "An Outlire of Metallurgicel Przctice" (1929)
V P.124-6

L
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CRUSHING.
- In most cases the ore coming from the mine must be

crushed finely, or if for flotation concentretion s
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 ha%e been used with
considerable success. The ﬁJaw Crusher" equipped with an
oscillating jaw 1s fed from the top and discherges the crushed
ores between the lower edge of'the jaw and the front plate, in
sizes depending on the width of that opening, which varies in
different crushers and which, to a limited extent, is adjustable
in each machine. The "Gyratory Crusher™ is made in various
sizes, some quite large. The ore is crushed between a gyrating
- head and a fixed cone. Fine grinding is best accomplished in
the "Ball 11117,  In one type ( the "Hardinge Ball will") the
machine somewhat resembles a slender toy top and revolves on
its axis in an almost horizontal position, with a slight slope
toward the smaller end, i.e. in the direttion of movement of
the ore. Within this cone-shaped redebtacle are stegl ballé
of varyihg size, the lafgest by centrifugal forces Eeing retained
at the section of greater circumference and higher speed of

revolution, while the smallest balls are kept near the smaller

1. Postea PDP. 61-5.
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and more slowly rotating end. The ore is introduced at the
larger end as the mill rotates and the material is first coarsely
crushed by thé larger. and most rapidly moving balls, and contin-
ualiy more finely by the succeséively smaller balls, uﬁtil a
finely-ground product is discharged from the opposite end of

the mill., This crushed material is fréquently cléssified and

that which is not sufficiently fine is returned for re-grinding.

CONGENTRATION.

Copper ores are generslly of too low grade tb 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 constituénts of the ore in a moré concentrated

form,

Various types of concentrators have béen used for
this phrpose, the principie of them all being the separation of
the heavy metallic mineral from the lighter waste rock. with
but one or two exceptions of minor importance these machines
operate with the ore Wwholly or partly immersed in water.

which ,
Flotation: Concentretion processes have tended 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 resﬁlts from the tendency of certain types of
solid particles to adhere to gas bubbles generated within, or
introduced into, the pulg,together'with the simultaneous adhesion
of other kinds df solid particles to the water in which suspended.
Flotation of the solids adhering to the bubbles permits their

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

Farliest flotation methods eentred 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 0il to separate those particles
that were well wetted by water from those that were wetted lesé.
The second proc¢ess was known as "skin-flotation"™ and in it dry
or drying mineral particles were'apprdached by a free wab er
surface which eierted a selection bétween the two classes of
ore particlest From 1901 to 1905 developed the Australian
flotation process in which the buoyant medium was a gas prod-
uced by the reaction of a strongly acid pulp with suspended
sulphides and carbonates. Diregt introduction of gas by a
"beater" or "impeller" reyolving in a pulp was the next develop-
ment (1906) and was the forerunner of the flotation machh es
of the "agitationﬁ type used at the present time. Tater devel-
opments of this method of direct introduction of gas include |

thoge methods using porous bottoms (1914) and submerged pipes.

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

1Y
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"ith the renlacemeﬁt of 0il by = gas as the huoyant rmedium
thére came first the recognition that lafge amounts of oil

are unnccessary and finally the realization that at times

0il was even objectionablf, Diffefences in the floatability
;of various 0il substances were next recognized and the use

of soluble “fro%hing“ agents, such as ketones, fatty acids
and esters ( including the present(widely use pine-o0il) were
finally recommended (1909). During the pefibd 1915-22 Perkiné
discovered thé associatioh df‘the collecting property with
nitrogen in the valent state and sulphur in the divalent state,
in certain non-oleagihous organic compopnds, while in 1924,
Keller introduced the use of xanthate for the same purpose.
These latter developments markthe beginning of a flotation
technigue in which 0il as a distinet phase has ceased to exist.
The newer process may be termed "chemical flotation™ in
contrast to Moil flotation™. 1In the last five years consider-
able research has been directed towards the discovery of
specifié 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 permiis the
flotation of one mineral but inhibits that of another,; so

that a separation may be attained. Such a process is called
T"selective" or "differential flotation™ as contrasted with

"collective flotation™ in which all the metals are collected -

in one ¢oncentrate.
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The process which has become the most prominent method
of concentration of copver ores is one in which the finely
crushed or pulverized ore is agitated in water to which
has been added smail amounts of o0il and other reagents. The
froth which is thus produced floats the metallic'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.”’
Usually the first concentrate is further purified by repea ted
flotation. TFormerly 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 aedvance has had 2 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 (70,000,000 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 directiy, leached or
concentrated by other methods. The Utah‘COPper‘company has
by this means been able to increaseim;ll recoveries from 695 to
. 90 percent, while'the grads of the concentrate has been at the
same time improved.2° |

1. Hayward,C.R.:"An Outline of Metallurgical Practicen (1929)pp.2T-é
2. Gaudin,A.M. "Flotation™ (1932) p.156. . :
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Future developments of the flotative processes in connection
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 recovery in the case of the very coarse
or the extremely fine particles, and in the improved sslection
among the finer particles of these ores. For the separation of
sulphide copper-zine and copper-lead ores, however, more and
improved collestors will yet need to be developed. The fleo-
tation of oxidized ores, and of oxide, carbonate, sulphate,

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

1
next decade of development in flotation practice,

ROASTING.

- The roasting of copper ores may be accomplished by
such methods as open-heap roasting and by the use of stalls,
kilns, ahd hand or mechanically stirred or rabbled reverber-
atory furnaces. With standard large scale operations, however{
the modern c¢ylindriecal multiple-hearth furnace is most commonly~
employed. The typical furnace (MacDougall typezl has from
six to nine hearths, and occasionally more. These are equipped
with & central rbtating shaft supporting two rabble arms over
each hearth. The rabble teeth are so adjusted as to gradually
move the ore rrom centre to circumference on one hear th, 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 8till lower hearth. Much of the roasting takes place while
}. Gau§§P;A;M::“§}ptation" (1923) p.6
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- ~ B S I O alS L b N Ve 2 LN e~ L At e twmoamAA Auﬁ-



- 66 -

~
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 air required for the
roasting is admitted in the proper amounts through'an opening
near the bottom of the hearth. 0il.or gas burners or fire-
places situated outside the furnace may be used to supply heat
for admission to any hearth, though usually such is not reguired
in that the burning of the éulphur ordinarily supplies suffic-
ient heat. 1If, however, all the sulphur is to be removed, or if
such content is below 24 percent, an extraneous source of heat
is necessafy. Ideal temperature conditions for roasting vary
gradually from 6OQ-700°C. in the eérlief stages, to 800-850°C

at the end. The usual 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. These do not take place simultaneously but
are influenced by conditions of temperature and ﬁressure within
the furnace. In general, the roasting df sulphidé ores causes
the sulphur o be oxidized to SOjand SO, which substances either
pass off as gases or remain combined with other elements in the

ore, Metallic oxides are at the same time formed. T.ow temper-
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-~atures and a high SOgor SOzcontent in the furnace favor

the formation of sulphates, while 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 thg 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 transitionai-substance, is probably never
»present in the product of this operation. Though magnetic
iron oxide (F6504) is an undesirable substance in the roasted
product, it is usually present3 Considerable sulphur must be
left in the furnace product and usually tends to provide semi-
reducing conditions resulting in FezQgrather than Fep0z being
the final condition of much of‘the-iron. It can thus be
readily seen that the resulting product of‘this<operation
constitutes a mixture of'oxides, sulphates, uwnoxidized sulphides
and unaffected gangue minerals., Haywardl’ suggesis tﬁe foilow- .
ing chemical reactims aé be ing representative of the possible
changes_involved in this process: |

(1) Cugs & 30 = Tus0 & SO02

() Cugbd & SOg& 0 = 2Cu0 & S0z

(3) cuo & S0z =0us04

(4) CupS & 3503 = Cus0 & 4S0g

/

1. Hayward,C.R.: "An Outline of Metallurgival Practices" (1929)
pp 036-7 .
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(6) Cug0 & SOz = 2Cu0 & SOp

(6) FeS & 30 = Fe0 & SOp

(7) 3Fe0 & O =Fez0y

(8) S0 & 0 & catalyser = S03

(9) 2Fez04& SOz =3Fes0z =S0g

(10) TFeO & S0z= FeSO4

(11) 2TeS0, & heat = Fe,05 & S0, & S04

4
(12) 4FesOus Op = 2 (Fep0p; 250p)
(18) 4FeSy& 110,= 2Fey0y & 850,
(14) FeSo&k heat = TFeS & S g
(15) FeSz& 02 =FeS & 302
(16) FeSp2 30,3TeS0,& SO,
(17) CupS. FegS3( chalcopyrite), The reactioms

involved are a combination of those given for CuZS’ FeSgand FeS.

| SMELTING.

| Smelting is a metaliurgical process 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
produéts it is frequently necessary to add some substance, known
as a flux, which by combination with the ore material will
préduce-fluid compounds. TFor example, in the smelting of copper

1.
bearing iron sulphides by the pyritic process it is necessary

1. Postea P- 89-90,

o



fo add silica as a flux. In the early treatment of oxide

ores 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 furnsce of today. The use of this type of furnacée has
Hiowever, been on thedecline in more reéentyears ard it is being
gradually replaced by the reverberatory furnace. The possibil-
ities for electric smeiting have been ﬁrobed, bqt 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 power would be necessary if eledtrothermal
methods are to be commercially practicable, The most ‘encouraging
results todate have been obtained in Norway, where a furnace
operated to produce 25 tons of copper matte daily, used power

at the rate of 700 X.W., hour per ton of charge. Some of the
principles of smelting have already been discussed in connection
" with the roasting process 12 It is now proposed to deal with

the typical methods commonly used in smelting practice.

Reverberatory Furnace Smelting: Up to about 1909 the develop-
ment of the revefberatory furﬁace
was slow, but subseguently‘with the increased production of ore
concentrates, and thelintroduction of the use of fuel o0il and
powdered coal, progréss in this method of smelting has been

greatly stimulated. Essentially, the reverberatory furnace

l. Ante, pp.g5-8.



consists of a hearth of furnace sand or magnesia, an arched
roof of silica brick, and at one end a firébox, separst ed from
‘the hearth‘by a fire bridge, or "3Bridge wall"™ eguipped with'

"an air-cooling system to counteract the high"Operating temper-
atures at this part of the furnace. The fuel is usually-a

long flame bituninous coal, which burns in the fire box to
produce combustible gases which are carried over into tﬁe hearth
" by means of a suitable draft. Tﬁere the gases burn with the
air admitted, either directly from the outside or from the
coéling system of the bridge wall. The furnace charge is
‘introduced througnh hoppers in the roof. As fhe process
continues, the charge is levelled off, rabbled, (stirred) by

long tools Operatedithrough doors along the sides of the furnace.
These openings may elso serve to aimit exira air for the com-
bustion of unconsumed gases. Such a method of adding air,
howéver, is not very desirable, due to the loss of heat'thus
inecurred. The heat gensrated by the fire and by the combustion
'of its gasesous products in the hearth itself, acts upon the
charge through the effectiveness of the arched and reverberating
roof. The material on the hearth is melted and the products

of the reverberatory furnace- matte, slag, flue dust and fume-

are. thus formed.

The matte consists of a union of the fusion products
of the charge, mainly copper and iron sulphides. These, being -
the heaviest products of the overation, tend to settle to the

bottom of the furnace, taking with them sny precious metal content
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which mizht be present. The matte is withdrawn through & ~ -
tap-hole conveniently located along the side or the end of

the furnace. It is run into a ladle which is handled @®ither
by a erane or a locomotive and then conveyed to the converters
as required. 4 complex mass of fusible silicates resulting
froh'the smelting pfocess constitutes the slag. It is usually
run off~continuously through a tap-hole at the end of the
furnace and either caught in slag cars and tasken diredtly t0 '
the slag dump, or is gfanulated with water and disposed of
according to convenience. The large amount of fine material‘
introduced into the modern feverberatory furnace accounts for B
a considerable fihe dust content in the waste gases. TVolatile
constituents such as arsenic are also contained and removed

by the gases. A portion of the dusts and fumes is collected
in dust chambers, or such dust and fUme'collectors as the

Cottrell precipitator, designed to clean tae gases before they

. enter the stack.

The chemical complexity of the roasted ore that is
charged into the revarberat ory furnace mrecludes the possivility
of attempting to write the equations of the reactiais involved
in the fusion of the,furnace'charge. Contained in it may be
such compounds as CupS., CupO.,Culd., CuSOg., FeS.,FeSog.,

Fe, 0 Ye . 0,., and Sibz.l together with various complex

273" 5 4 ,
gilicates of iron,aluminium, etc. Certain basic salts of copper
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and iron may also be present., If raw orcs cre added there may -

glso te TeSpgand CuFeSp and other sulphides with silica, limestone

and silicetes. Many ores also contain the precious metals, gold

and silver, and possibly other rarer metels may oceur. Hayward
I J J

1.

outlines the following changes

(1)

(2)

()

(6)

(7)

The copper in corper oxides, sulrhates and complex
sulphides, is chanced %o Cu2S through various reactims:
due to heat and the interaction of sulphides.

The sulphur, which after the various reactim s does not
remain combined with the copper, is in part fixed by

the iron as FeS and inpart eliminated as S0z or S03.
These latter gases may result from the deconposition

of the sulphates by heat-forming oxides, and S0y, or

by reactions between oxides and sulphides, such as:
3Feplp& FeS = 7Fe0 & SO, Some sulphur is also retaired
in sulphides or such minor metels as arsenic,etc.

The iron which is not combined vith sulphur revorts as
silicate in the slag or as magnetic oxide. The latter
may be in vert 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,.

The lime, magnesia, alumina etc., enter the slag as
silicates.

The precious metals enter the matte as sulphides or as
dissolved metallics.

Arsenic, antimony, lead, zinc, tellurium and selenium
compounds undergo oxidation or reduction, or both, and
report as sulphides in the matte or ds various compounds
in the fume. -

Nickel for the most part enters the matte as a sulphide,

‘1. Hayward,C.R.: "An Outline of Metallurgical Practice"(1929) p.65.
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Blast Furnace Smelting: Tarly practice with blast furnaces of
circuler shape charged with an oxide or
roasted ore mixed with coke and suitabie fluxes, produced an
impure covper called "jﬂack copper” and a fluid slag often con-
taining two or three percent coppér and sometimes more. Tater,
the vartly roasted ore or a mixture of oxide and sulphide ore
was smelted in round or oblong furnaces, .the product being a
matte‘contaihing 25 to 45 percent copper and a slag with usually
less than 0.5 percent copper. With present practice and the
availitility of lump sulphide ore, 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
fuel is possible because of the dxidgtion of the excess sulphur
and iron. TFree silica flux in lump form makes the mass about the
tuyeres more porous and permits ready circulaé&on of the air, thus
promoting oxidation. Béing 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 eit@er
roughly roasted or sintered on some type of sintering machine ,
when about 12 percenf coke is required. The purpose of sintering
is to‘agglomerate the fine ore and render it more porous, and at

the same time remove part of the sulphur content and reduce thereby

the burden of the roasters.

The shaft of the copper matting blast furnace, instead of

being built of the usual fire brick, is made of steel or cast irm

LS
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water jackets. These are boshed or sloped inwards ( the end
ones excevted) and serve to rglieve some of the pressure of
the charge near the bottom of the furnace. The main jackets
contain feed-water pipes and discharge overflow pipes, These
" serve to eliminatelcofrosion of the furnace lining, in that
with the use of such jackets a slag crust rapidly builds up
on the inside of the jacket to form the actual smelting surfsce
and thus protect the iron plafé and reduce the cost of repairs.
Although the ioss of heat is moch higher than if a fire-brick
lining were used, the general convenience obfained readily
outweighs this disadvantage. A hood and flue attachment is
. provided at the ton of the furnace to collect and convey the
fumes to the dust chambers for "settling out", The fluel is
Aconneéted with the-chimﬁey{ The furncce chargeAis introduced
through doors from the chargé floor near the ton of'the furnace.
Fere specially adapted scales are frequéntly used to weigh the
various charge materials in order to obtain the proper mixtures.
The blast is introduced from the blower by means of the bustle
pipe and tuyeres. A tap-hole and spout at the lower part of
the furnace permit the discharge of the molten material into
a forehearth or "settler®. This is e lined either with fire-
clay or magnesia>brickAénd is usually mounted on é truck as a
ﬁatter of convenience. In this settler the.separation of the

matte and slag is accomplished by gravity. Tapping may be
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either intermittent or continuous, depending upon the size snd
tyve of furnace concerned. The matte in the forehearth settl-
ing by gravity, may be tapped into 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 forchearth

of a size suitable for the particular furnace, so that the in-
flowing material is able to prevent the whole mass from chilling
and freezing. . From the gsettler the slag runs continuously to the
slag car for conveyance to the slag dumps or to a granulating
launder. The matte is tapped as it is‘required by the converter

department.

- With the decreasing supplies of rich lump ores and an
incregsed and improved concentration practice, the utility of
the blast furnace has been lessened. It is cheaper to roast
and smelt the concentrates in a large reverberatory furnace
fueled with o0il or powdered coal, than it is to first sinter
them and smelt the sintered product in fhe blast furnace with .
“goke, particularly if, prior to sintering, the ore should require
a rough roasting. Coke fuel, moreover, is usually more expeh-
sive than is coal or oil. Small blast furnsces, however, are
considered more economical than small reverberatories, while
the initial cost of a blast furnace is less than that of the

reverberatory type, and its salvage value ié greater. Future

i
H

~
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installations of blast furnaces will probably-be confined
to small nlants, to short-lived operctions, or to such locatims
wherein special conditions would fevor the use of the tlast

furnace.

The chemical reactions of ore fusion in the blast furnace
are much the same as those in the reverberstory process. The
ore charged into both furnaces is somewhat similar, althoﬁgh
the blast furnace charge usually contains more sulphides and
'is ordinarily coarser. The added factors in this operation
are the coke, the fuel and the air blast. The coke, to a
considerable extent, pérgists down to the region of the tuyeres
where a mixture of ¢oke, molten matte and\slag will probably
produce a variety of simultaneous reactions. 1In that the
carbon has the greatest affinity for oxygen, carbon dioxide and
carbon monoxide will certainly reéult. The sulphur will
likely be somewhat oxidized, as will some of the iron from the
matte, producing thereby the desired copper enrichment of the

product.

CONVERTING COPPER MATTE.

» The object of converter practice is
essentially the cbncentration of -the smeltér matte to metallie
copper through the elimination of the iron, and by the reduction

of the éulphur. This process is frequently referred to as
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" bessemerizing" after the name of the originator of this

practice in sfeel production, Sir Henry Bessemer. The process

was first adapted‘to copper metallurgy by John Halloway and

later successfully opersted by M.Manhes in ?rance. The basis

of copper converting is the blowing of air through the molten
matte, producing an oxidation of FeS and later that of CusS.

With the addition of a siliceous flux during the operztion the Feo
that forms is removed thus leaving CugS, the precious metals,

and small amounts of impurities. Turther blowing then oxidizes
the CupgS until, at the point when the sulphur is burned off,

the operation is stoppéd, 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
fo permit partial revolution about its longitudal axis. At a
point about ten inches above the boitom of the shell, several =
tuyeres for the introduction of the blast, penetrafe the thick
brick lining. The so-called "acid-lined convertor" was the
first type uged, and was characterized ﬁy a thick iining of
siliceous material deéigned to slag the FeO formed in the oxidiz-
ing process. Cértain features of this type of converter which
were deemed objectianable.include (1) small capacity, (2) expense
and space required for the fregquent and necessafy relining, (3)
‘difficulty of control, and (4) the variability of the resulting

slag. Researgh efforts were: thus stimulated and culminated in

L
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the introduction and growing use of the modern "basic-lined
converter" which only ceme into use as recently as 1909.
This cgnverter is lined with magnesite brieck, which is
frequently protected by a magnetic slag producedfby "over-
tlowing"” some of the copper matte before any flux ig added.
Of this class of converter there are two general types, known
as the Great Falls Type and the Pierce-Smith Type. The
former is really a remodelled acid bessemer converter vhich
has been lined with basic material. The standard size is
about 12-foot shell, but 20—foot-converters have also been
used (Anaconda). The Pierce-Smith tyve is somewhat similar
to, but larger than, fhe 0ld barrel type acid converter. Its
size ranges from 12 to 36 feef in length, although a 30 foot
converter is the common sizé. |

The converter is charged with the copper matte 5rought
from the smelting furnace either in a ladle by an over-head crane,
or iﬁ matte cars. The charging operation requires the position
of the converter to be such that the mélten matte will not run
into the tuyeres. With the proper amount of charge introduced
into the converter, it is placed in its normal position and
the blast, furnished by a bloﬁing 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 fto
prevent the accumulation and chilling of metallic copper in

these air passages. 3By a simple rotation of the converter, the
slag, and later the metallic conper, may be removed. This product
known as "bliéter copper™ or "converter copper™ may be directly
poured into a refining fﬁrnace, but generally it is poured into a

casting furnace, from which it is cast into cgkes.

The chemistry of copper converting is somewhat less
- complex than that of the preceding operations. The matte which
is charged into the converter consists principally of FeS and
Cuzs,whiéh two compounds zlone are concerned in\the earlier stages
of the operation., The first significant reaction is expressed
as follows:
(1) 2FeS & 30g = 2Fe0 & 230g

The FeO immediately reacts with the SiOg of the flux as

| (2) TFeO & 5i0g = xFe0.ySi0p

The oxidation of any CusS at this stage is ineffective because
it is immediately reduced as indicated in the next equation-

(3) Cus0 & FelS = CugS & FeO
However, when the FesS is practically eliminated the oxidation
of the CugS, without subsequent reduction, may to a certain extent
take place as follows:

(4) CugS & 305 =2Cu0 & 2505

: : ~
Here the CulC formed will tend to unite with the SiQ0sto form a
silicate and join with the iron silicate as a slag. Upon removal
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of the slag metallic copper will be produced, according to the
equation: :

(8) CugS & 0 = Cuy & SO,

Any oxide of copper produced at this time will immediately Dbe
reduced:

S = 6Cu & SO

(3) ZCuzO & Cu 5

2

If insufficient Cuo,S is present, as is sometimes the case
towards the end of the operation, the Cup0 formed will, %o a

certain extent, dissolve in the blister copper.

REFINING BLISTER COPTER.

Rlister copper, the product of the

corverter, contains precious metals, provided they were present

in

the ore, and also gome sulphur, iron and minor impurities.

is also porous and brittle. The purpose of refining methods

s therafore to increase the purity of the copper as well as

inrove its physical properties. Usually the precious metals

are present in amounts vhich werrant the expense involved in

their extraction, in which case electrolytic refining is the

apb

process used. In the absence of a precious metal content of -

. . U o
reciable amount, furnace refining = is prectiscd, which

. process will be dedlt with briefly beforcproceeding %o the

more common electrolytic methods.

1.

Fulton;C.H. "Princinles of Metallurgy" (1910) p.227.

#a
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Furnace Refining: This process is accomplished in the rever-

7 heratory furnace ﬁy an oxidizing smelting. The
molten copper is rebbled, or stirred by long ircn tools in order
to promote the formation of cuprous oxide ( CuQO)s Thi; compoﬁn&
diffusing throurh the nolten covper, gives up part of ifs oxygen |
content to such impurities as arsenic, antimony, iron, bismuth,
| etc., when they are changed into oxides. These either pass off
entirely with the slag,'as in the case of iron, or they are
rartly eliminated in the form of slag and partly in the volatile
stete, as with érsenic and antiﬁony. Yhen the cop?er has |
become more or léss saturated with Cups0, the "fining" slag is
skimmed and the copper is "poled" i.e. worked through with long
popler wood poles so that the gases thereby produced reduce the
Cup0 to0 & small amount. Upon completion of the operstion, as
determined by an examination of the appearance and fracture of

sample bars, the copper is cast into market shapes.

Electrolytic Refining: Tlectrblysis is a highly important factor

in the refining of blister copper, and at .
the present time it is the most common practice at copper refin-
eries. The basic principie in electrolytic refining has been
aptly stated by Hayw;rdl° as follows:
n"7f two strips of pure conper are inserted withaxt

contact with each other in an acid solution of
copper sulphate, and each connccted tc one pole

of a battery or dynamo, it will be found that the
one connected to the positive pole will decrease

1. Haywerd C.R.: "Outline of Metallurgical practicef (1929) p.88
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" in weight and the other will increase at the

same rete, while there is no change in the

comnosition of the solution. If the copper

connected to the positive pole is impure it

will be found that pert of the impurities go

into solution.and pert accumulate on the

surface of the electrode as slime and grad-

ually drop to the bottom of the vessel,

while the deposit in the other strip is opure

conper. What actually happens is that the

copper acts as a carrisr of the current

from the positive electrode or anode, to the

negative electrode or cathode, and deposits

as it gives up its charge.”

Metel for electrolytic refining should be rather pure

to avoid excess fouling of the electrolyte, therefore it sha ld
first be congiderably purified by fire methods. 1In the process
of electrolysis not only is the copper highly purified, but a
valuable by-nroduct is obtained with the recovery of the
precious metal content, vhich usually warrants the use of this
comparatively expensive operation. Two general processes are
known as the Multiple procéss, producing ahout three-fourths
of the electrolyticelly refined copper of the United States,
and the Series process which produces the remsinder. The
processes are so namcd because of the peculiar arrangement of
the electrodes; in the former the electrodes in edech tank -
are in parallel, while in the latter’process the arrangement.
is that of a gseries. The Multiple process will here be discuss-
ed at greater length, while the less important Series process

will be observed in contrast.
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The MMultiple Process: In this process for the refining of
blister copner, the prgparation of

electrodes involves g separate opefation. The blister copper
is sent to the electric »nlant to be made into anodes ahd
cathodes. The furnace used is of a reverberatbry type with

a shorter and deeper hearth. TUsually it is fueled with o0il,
but some plants favor the use of powdered coal. To oxidize

the charge, air is introduced by means of steel or iron pipes
- located below the surface of the copper, and a violent agitation
is thus produced. Additional air may be teken in t hrough the
doors of the furnace. As a result of this operation, impurities
are either slagged or volatilized. Part of the copper is
oxidized, some of which is slagged and some causes a saturation
0of the molten bath vwith CupgO. The operation is considered
complete vhen a sample bar fractures easily and shows'a brick
red color. The product is knowﬁ as "set copperv. TUvon the
removal of the siag, the charge 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 submefged in the
copprer. Violent agitation results from the distillation of

the moisture and hydrocarbons of the wood, S0 that sprays of
'coppér are projected almost as high as the furnace roof.
Chemicglly the reduction of any Cus0 previcusly formed , is

accomplished through the agency of the carbon covering and the
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reduwcing constituents of the green wood., This operation is
comnleted when the amount of Cus0 in the bath is less than 0.5
pereent; the presence of some of this compound becing necessary
to assure sound cesting.  Two types of machines are used to
cast the molten copper into anodes, the étraight line endless
chain type, and the more common Walker wheel, a large vheel
revolving in a horizontal plane. Thé conper flows from the
furnace into a tipping ladle which fills ezch mold &s it is
brought into position below the ladle 1ip; In the walker
wheel the Speed of the overation is so regulated that the
copper 1is solidified during the tiﬁe reguired for a half-turn
of the wheel. It is then slightly rzised by a plunger, caught
in the lugs by hooks, 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 thin sheets of-electrolytic copper
prepared by deposition on a rolled copper plate, which has been
either covered with a thin coating of o0il or grease, or dipped
in a2 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‘whiéh a cppper
bar is inserted for the suspension of the dgthode in the

electrolyzing tanks.
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The tanks in vhich the electrolysis takes place are
usuélly made of wood. lined with lead, but concrete and a
lirning of masticl. are sometimes used. The usual-size of the
tenks is 10-15 feet long, 3 o 4 feet wide and 3} to 4 feet
deev. A wooden framework is frequently provided to protect
the lead lining. The flow of the electrolyte may be’ prom-
oted.by having the tenks arrenged on two or more levels, but
some times one level is used, with a pumping system to circul-
ate the solution. A plug in the bottom of the tank connected
with a lead pipe, pefmits the removal of the slimes. The
arrangement of the electrodes is important and various

2.

systems are used. In the™Walker™ system the current is

brought in by a heavy copper "bus bar™ along one end of a
row of tanks, and it leaves by the opﬁosite end. - Between
the tanks arelcoppef "eguelizing bars" of triangular cross-
section and carefully insulated from the tanks. The and es
of the first tenk are in contact with the bus bar, while

the cathodes of that tank are insulated from the bus bars,
but are in contact with the equalizer between the first and
second tanks. In the second tank the anodes are in contact
rith the first équalizer and the cathodes‘wi#h the second,
and so to the end of the series. The current therefore, proceeds
from the positive bus bar to the anode of the first tank,

through the electrolyte to the cathode of the first tank, thence

1. Mastie- a compound made of one part asnhalt and four parts sand.
2. Hayward,C.R.:"An Outline of Metallurgical Practicem(1929)pp.101-2

-
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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 menner on to the final cathode
which is conneéted with the negative bus bar. The current

is usually supnlied by sevsrel independent circuits, so that .
one or more may be turned on or off at will, without affect-
ing the entire operstion. At the Raritan Works in Perth
Amboy, New Jersey, there arérfbur 1250 Hp.generafors, each
of which furnishes 396 tanks in series, with a current of
7200 amperes at 135 volis. The usual voltage of each tank
is 0.3 to 0.35 and the current density 15 to 20 ampsres per

square foot of cathode area 1.

The electrodes are handled by meens 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 1o
30 days, while thecathodes ﬁust ordinarily be replaced every
10 to 13 days. A new set of starting sheets fend to warp

. and so after 24 hours they must be individually removed,

and straightened $o as 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, élso removed by a crane, are
taken to a washing tank, dipped in warm water and hosed-off

vefore they proceed to the refining furnace.

1, Payward C.R.:"4n Outline of Metallurgical Tracticen (1929)pp.l0&.
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The Series Process: This refining method differs from the

Multiple process mainly in the arrangement
of the electrodes and the vassage of the circuit through them.
There sre no Separate cathodes except one at the negative of
end of the tank. The circuit is completed by introducing the
current through the slectrode at one end of the tank and with-
drawing it at the other end, after it has passed through the
various bi-polar eléctrodes between the two end plates. Tﬁe
current thus foilows the following circuit: TFromn the first
electrode through the electrolyte to the adjacent face of the
second electrode, which thgn becomes a ccthode,i.e. one face
of the electrode acts as an anode and the other as a cathode.
The operation continues until fhe edpper in each electrode,
except the last one, has been transferred to the succeeding.
electrode. The anodes for this process»must obviously havé
smooth surfaces and are therefore either rolled or carefully
cast. The size of the eiectrodes is usually from 3% to 4%
feet in length, 10 to 12 feet wide and of a thickness ranging
from § to 3% inches. When practically a1l the original anodses
have disavpeared and the copper deposited on succeeding plates,
they are removed and the particles of adhering anode copper
are stripped off by hand. The copper is then remelted and

refined as in the Multiple process. Haywazd 1. has listéd

1. Hayward C.R.: "An Outline of Metallurgical Practice™ (1929)
. ' pp.107-8
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briefly the favorable features of the two systens as follows:

"Points in Faver of Multivle System

1. Tow voltage across the tanks and therefore few short
circuits,

Anodes require no special preparation.

Yo stripping of the cathodes.

Targe electrodes mechanically handled.

s QAN
» = O

"Points in Favor of the Series System

1. Less floor space required than in the Multiple system.
2. Less space and therefore less voltage between electrodes
and fewer loose contacts, save from one-third to
one-half of nmower over Ilultiple.
3. No starting sheets regnired vhich saves labor and
interest on stock.
4, Less length of bus bars and smaller cross-section than
in Multiple system.™
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 complsted produect, which is cast into.such forms
as wire bars, cakes, 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 form of'the,product.
The refinery slag which is small in amount, is returned to the
smelting furnace. Should the anodes contain much Cuy0 this

compound dissolves in the electrolyte to cause its enrichment

in copper, with a corresponding decrease of the acid content.,
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To counteract this some of the solution must be continuously
withdrawn during 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 certain~impurities'to build up in}the electrolyte,
part of the solution is withdrawn and replaced by a new solution.
Probably the most satisfactory method of recovering values from
the withdrawn solution is to first treagt it in tanks using lead
anodes to remove some of the oopper,'the balance of the metal.
may then be obtained by an evaporation of the solution produc~
ing thereby "tlue vitriol" (CuSQO,). If nickel is also present
and the mérket 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
gluiced into a large settling tank, after passing through a
sereen to remove any large pieces of copper. TFurther treatment
méy 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,éilver aﬁd platinum, which may accumulate in the slime

during the refining process.

OTHER PROCZISSES.
Pyritic Smelting: This method, frequently termed the "imerican
Process™ consists of an oxidized smelting which

is carried on in @ shaft or blast furnace wherein the heat
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is mainly derived from the oxidation of theAiron sulphides
present in the ore., The amount of carhonaceous fuel réquired
ié comparetively small, commonly from 2 to 4 percent of the
charge. The weight of the charge is partly sustained in thle
fﬁrnace.by the "boshes™ or inwardly sloping lower walls of
the furncce, also by the buoyant effect of the rising gzs
current, and by resting upon the ligquid content of the furnace.
In the smelting process the solid material in the "focus®

i.e. immediately above the tuyeres, consists chiefly of a‘
mass of incandescent silica or quartz, and the earthy base
constituents of the charge. A short distance above this
focus the sulnhides, as a result of the distillation of part
of their sulphur content, become molten; -They trickle down
~through the silica below and iﬁto contact with hot oxygen

o7 the air, to be rapidly changed into ferrous silicate (2FeO-
ASiOZ) which, absorbing the earthy constituents, passées into
slag. The matte is the por%ion of the charge which escapes
oxidation, Both these products must be in a sufficiently
molten state to readily permit gravitative separation in th?
forehearth or "settler©. Pyritic smelting heas met with vaf&-'
ing economic success. 'Its best chance for success would seenm

to be in those localities where fuel is expensive.

Native Covper Smelting: The smelting of native conper cres
requires a variation of the usual

methods. The famous Michigan ore is crushed in stamp mills
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and concentréted before trcatment in reverberatory furnsces
which somewhat 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 concentrates and a larger
one for the admission of the mass copper. with the ore is
also added sone slag and coal, while sometimes a limestone flux
is necessary. The slag melts in about 24 hours and is then
skimmed"off, the metal is tapped into'é refining furnsace
situated at a lower level. The hearth is thén revalired with
sand in preparation for a new 6harge. ‘The refining is accom-
plished in furnaces much similar to those used 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 tfeated
to recover the arsenic as a calcium arsenate,

H‘J

Oxide Copper Smeltiﬁg: Farly treatment of oxide copner ores
consisted of & crude.smelting process
whereby impure "black copper” was produéeda Tater, with the
development of concentration'methods, sueh ores were mixed
with those of sulphide and smelted to produce a matte for
further treatment. At Xatanga in the Belgian Congo,ifrica,
there is an extensive oxide deposit éstimated‘at 68,000,000

tons of 6.62 percent copper, but sulphide ores are lacking.
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Thus the richer portions of the ore together with some
concenirates ere being treated in blast and rsverberesiory
furnesces to direcctly produce metallic conner. The slags
are however, high in copper, so that the operation is a
westeful one., Plans are now upder way\to adont lcaching
for the low grade material and possibly substitute it for

1.
gll the smelting operations.

Leaching of Cépper Ores: The leaching of conner ores has
been commercially practised only on
low grzde materigl. Processes have becen devcloped for the
leaching of high grcde ores or concentretes, and while no
installations have yet been made, it is possible that with
certain conditions such »rocesses mgy prove less expensive .
than the usual smelting., Various lezching agents which have
been sveecessfully used include: sulphnric acid, ammonia and
ammonium carhonate, ferric szlts, hydrochloric acid, an@
sulphur dioxide, the relative effectiveness of which varies
with different conditions., Precipifants vhigh hav: proven
successful are the eleetric current.(électrolysis),Lhy&rogen
sulvhide, bhurnt lime, and sulphur,diéxide. The earliest
and most crude form of this operation is heap-leaching, but if

is sti11 being used vnder certain couaditions, and has also

1. Beyuard,C.R.:"An Cutlire of Metallurgicel Practice (1929) ».1235
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TROSTRTIZS OF RTFINLD JOPPTR Lo

Pbys1ca1 Pr ore ties:

llelting point: 102 gc. (19890 ™)

Boiling po+ut. 2510°Cc.  (4190° F)

HO&JG Of C\n:‘ ' .:.u.zo Cr’lo

Atonic 161" T 63.57

Sypecific Prqvv*y; 8.8695

[ngcific Feat: 0.09&9

Linear Coelficicnt of TExpansion et 40% .x 104: 0.1lé7e

Svecific Resistence, MMichroms: 1,88
Blectrical Conduetivity (Cu 100): 1C0.5
Thermal Conductivity: 0.719¢

Hardness, Mohs Scale; 3.0

Coloxr: neddish

Mechanical Properties:

Tensile strength: Rolled annealed-COPper,ZO,OOO-
40,000 1lbs.per Sg.In.

3

Hand drawn copner, £0,000-70,800
1bs. per sSq.In.

0

Reduction of Area: 30 60%
Tlongation: 25- 40%

3

1. Hayward,C.R: "4An Outline of Metellurgical Proctice™(1929)
Pp.1338-9
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Alloving Propcerties:

Alloys readily with with Mg.,41.,Mn.,2Zn.,Ca4.,
C0.,Ni.,®g., and the precious metals.

371gnt1j ullOJable with Te.,’o.,7.,Cr., 1 £ the
‘ metal is pure end more readily in uhe
presence of Si.

Alloys easily with its own compounds, esvecially
with Cus0 and CusS

In a molten state, alloys somevhat with H., CO.,
end SO0+

Chemical Rehgvior:

In the s0lid state, it fg fairly resistant todry
oxygen at lover temperaturcs, but above
QOOSC. it is easily oxidized, with CuQ and
CuoC forming on the surface. In a damp
atmosphere basic salts with oxygen and
weak acids are readily formed.

In the molten state covper GkhlbltM a great
affinity for sulphur. Imnmersed in bvoiling
sulphur it is gradually changed to CusS.
0f the acids,only those oxidizing acids,

. HNOz , hot concentrated HsS042nd aqua regia
act as solvents of cobpner. Diluted and
wesk acids will affect copper in the
presence. of air. Copper does not evolve hyd-

rogen from acids. :
/

SFICIAL VARIETIES OF COPPER.
In addition to the usual forms of refined
. : 1.
copper, certain other special varieties are produced by

sorie peculiar variation in the treatment of the molten metal.

1. ©Encyclopedia Britanniea, Vol.VIT (1910-1) pp.103-4.
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"3ean-shot™ conper is obtained bty throwing the melten metal
into hot weter, while if cold water be substitutzd, the
resulting product is called "Featheredeshot"‘COpper. "Rosctter
copper is obtzined as thin plates of a charaéteristic dark-red
color, by pouring water upon the surface of the molten metal
and removing the crust thué formed. If the copper is poured
into ingots weighing from six ounces tb one pound,.and rapidly
cooled by'immersion in water, YJapan” copper of a purple-red
color is produced. "Tile™ copper is\an impure copper obtained
by refining the first furnace tappings, while the purer metzl

is included iﬂ the variety termed "Rest selected™ copper.



Fig. I, OUTLINE OF METHODS FOR THE TREATMENT OF COPPER ORES (a)

Copper Ore
Oxidized Ore Sulphide Ore Native Copper
High Low High Low High Low
Grade Grade Grade Grade Grade Grade
Joarse Fine Crush Coarse Pine For - Smelt Crush
l ' ! treat- in R.F. .
ment, , (c) :
lix with Mix with . Leach Smelt Roast see _ Concen-
.ump sul- fine sul- in B.F. Fig.II, . trate
vhide ore phide ore (1)(v) -
md smelt or concen- . Smelt T
n B.F. trates and in R.F. " Smelt
(1)(v) smelt in (3)¢e) in R.F,

R.F. (2)(e)

v

(c)

(a) From Hayward,C.R.: AnOutline of Metallurgical Practice (1929) p.20,.

(p) "B.FY
(¢) "R.F"

represents Blast Furnace,

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 roastinmg or added on one of the lower roaster hearths.

(3) If preferred it may be sintered and smelted in the blast furnace.

Lol
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Fig. II., OUTLINE OF THE TREATMENT OF A LOW-GRADE SULPHIDE COP?ER ORE (a)

Ofe
(1) Mine
(2) crush

(3) Con?entrate

| - - N
Concentrates : Tails (0.2-0,3% Cu.)

(4) RoLst'(b) Waste

(5) Smrlt (Blast Furnace or Reverberatory)

sfag (0.2-0.5% Cu.) Ma!te (30-45% cu.)
Waste (6) Converter
. ] )
Sng (tpzcCu., ) BlisterlCOpper (93+% Cu,) ‘
Re-smelt {7) Réfining Furnace ’

Cast into Anodes (%99.5% Cu.)
(8) Elertrolytic Refinery

| l -
Cathodes (%99.7% Cu.) Mud (2207 cu.)
(9) Melt, Refime, & Cast, (10) Treat for Au.&.Ag.
' (9919% Cu. ) :
l B ~
Ingots Cakes Wire Bar
Foundries, Sheet Copper Wire Mills

Brass Works, Etc. Works

(a) From Hayward,C.R.: An Outline of Metallurgical Practice (1929) p.21.

(b) This is omitted in pyritic smelting.
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IV. THE USLS OF COPPER

“hile the marked utility of copper is at.the
‘present time generally conceded it is probatle that compara-
tively few vpersons fully appreclate the e¢xtent of the uses
to which this metal may be applied. Containing as it does;
several desireble physical and chemical guel ities, copper
occupies a prominent place in modern civilization. With the
development and use of.electrical bower coprer has been one
of the essential minersls utilized. The improvement of
transportation and communication facilities have opened new
fields for the metal. Todsy steamships, railways, automobiles
and aerdplanes are using increasingly large guantities of |
copper, while telephone, telegraph and radio developments have
‘depended much upon the availability of the metzl. Iight and
power, modern conveniences so‘common in every day activities,
are brought to us and utilized by means of copper conduction
wire and apparatué of varied types. Construcetion and |
structural work havelproven copper to be both useful and
ornamentel., Many more spheres of human activity have denmon-
strated the adaptability of this versatile metal. Innumerable
articles are either made partly of coppef or fashioned by
copper t00ls 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 from refineries the totél primary
conper used in the United States in 1926 for the production
of vure or unalloyed conper products was aboul 79%, the
remaining 21% being used for brass, bronze and other copper
alloys. These respective amounts of copper were made into

the following forms:

TABLE III

COPPEZR USED FOR COPPER-MITAL PRODUCTS,79%

UNITZD STATES, 19261

Percantage of Copper Percentage of total
Fornm used for :
Pure Copper Products Copper consumed in T.S.
ire and rod. 9.4 A 62.7
Sheet 16.1 12.7
m™ube 3.0 2.8
Miscellaneous 1.0 .8
100.0 . 79.0

1. Roush,G.4,: "The Mineral Industry during 19267 (1927) p.204.



TABIE IV

COPTER USID FOR COPPER-ALLOY PRODWTS, 21%

UNITZD STATES, 1926.1°

Percentage of Copper Percentage of total
Form used for Copver Alloys Copper consumed in U.S.

Sheet 35. 7.4
Rod and Wire - 20 4.2
Tube 30 6.5
Castings 10 2.1
Miscellaneous 5 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 Table, in terms of short tons. -

1. Roush,G.4: "The "ining Industry during 1926" (1927) p.204



ESTIATED CONSUMPTION OF COPPER

UNITED STATEIS,1926

mlectrical manufactures
Telenhones & telegraphs
Light and power lines
Trolley wire

"ire and rods

wire cloth .
Steam railways electrified
Automobiles

Automobile brake-linings
Buildings

Tocomotives

Railway cars

Air-brakes

Ships, commercial

Ships, naval

Bearings and bushings
Valves and pipe-fittings
Ammunition

Tubricators etc.
Condensers
Fire-figchting apparatus
Agricultural machinery
Cash registers
Coprer-bearing steel
Coinage

Radio-receiving sets
0locks and watches
"azhing machines

Tater heaters, household
Tater meters
Refrigerators, electric
Qther usges

Manufactures for export

Total

201,000

. 90,000

117,000
7,000
74,000
7,000
- .400
102,800
1,700
50,200
2,900
6,150
2,000
2,100
400
38,000
26,000
5,700
5,000
2,000
2,700
1,100
400
1,350
950
5,000
4,500
4,700
4,000
3,750
15,000
55,900
49,900

890, 600

1. Roush,G.A.: "The Mineral Industry dnring 1926" (1927) p.205.

™
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ATLIOYS CF CO™PILR.

Then quantitatively considered, alloys in
general are of more importance in industry and the arts than

are the pure metals, and their apoplicetion is steadily increas-
ing. A metallic zlloy is a mixture or union of metallic sub-
stences which, after melting does not separst e into two dig=
tinct liguid layers. The components of an alloy are separete
bodies having distincet and peculiar entities of their own, and
may be either clementary substances or‘chemioal éompounds of
subétancés. The number of bopper alloys that have been ﬁroduc-
ed is glmost infinite, and only some of the more important

groups will here Dbe discussed.

COpper-Tiﬁ Alloys: This group is important because it contains
the bronzes so widely used for art castings
and for éertain indugtrial »urposes. RBronze is an alloy formed
wholly or chiefly of copper end tin in variable proportims,
ranging from 100-70 percent copper to 0730 percent tin. Char-
acteristic proverties of the bronzes are the grzater quibility
and hardness, and the decreased malleability as compared with
coDpper. ~The bronzes are particularly adapted to casting.
Certein varieties, differentiated by the relative proportim s

of the constituent metals include the following
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Gun-metal a gsoft bronze; Cu : Sn ;: 16 1 -
Steel-bronze Copper plus 8% tin. Tenacity and hardness
are incrcased by rolling.
Rronze Cau : Sn ¢+ 7 : 1. & hard brittle,sonorous
alloy which is temperable to a fine edge.
Rell-metal Cu : Sn :: &-5: 1

Sneculum-metal Cu : Sn :: 2-2-5: 1

Statuzry Bronze 80-90 percent Ju plus Sn. or Sn-zn-Pb.

British & Freich
Copper Coinage 95% Cu; 4% Sn; 1% 2Zn.

Anti-friction Metals: Covrer-tin &l loys , vith antimony in
addition.

eg. "Babbit's Metal" originelly Su : Sb : Cu ::
24: 8:4: but now the tin content ‘is often

higher.
Phosphor-bronze a kronze alloyed with phosphorous,which
- increases the quelity and Sbruugth
Mangane se-bronze a bronze alloyed with mengenese.
Aluminiumfbronze a bronze glloyed with aluminium, often

nearly or completely lacking in tin.
Silicon-bronze = a bronze 2lloyed with silicon and having

increased tensile strength, and therefore

is frequently used for telegraph wires.
Copper-Aluminium Alloys: These alloys constitute an imvortant

scries in that they contain the ™aluminium

bronzes™. In this group the range of composition for industrial
purvoses is limited for the bronzes, and lies between 100-89

percent copper and O+l percent gluminium. Aluninium bronzes
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great tensile strength and are eg;

have peciglly resistant
to rapidly repeated alternating stresses,

Conper-7inc Alloys: This is an important series, as i3
containg the well-known brasses whrich
are mainly, if not entirely alloys of copper and zinc.
Bress is widely used in the arts. Tts supcerior hardncss
maxes it weer well and 1t can be cast or readily drawn
into fins wire or formed into rolled sheets and rods. It
tekes a high polish but tarnishes on exposure to the air.
Depending upon the purpose for which the alloy is to be
‘used,. its comvposition varies.
‘"Tire-brass"has the composition 72% Cu, 28% 7Zn.
‘Common brass has the composcition 63 2/24 cu, 33 1/34 zn,
and is used for sh s, vire, itubes and
pipe~fittings.

"untz™ metal is 60% Cu, and 40% za. Tt is mallcable
and is used for bolts, nuts, etc,

"Delta metal™ is 56% Cu, ard 42% zZn, with frequently a
small percentage ¢f iron. It is used
where added strength is desired.

The brasses range in composition from $0% Cu and 107 zn to

16% Cu and 84% Zn, but they usually contain mare than 50% Cu.

Covper-Gold Alloys: DParticular interest centres zround these

alloys in that they are largely used in

coingge and in the manufacture of jewellry. The alloy is harder,
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less nzllezble znd more elastic than the pure metals. The
addition of g little copper gives to the gold a reddish t int,
while more than 12 percent renders the alloy less malleable

. . p

end more difficult to work.

Copper-Silver Alloys: These alloys are of great industrial
importance. in the manufacture of suchv
gilver articles as silver-ﬁlate, jewellry and also coiﬁage.
Stendard stefling gilver is somewhat less ductile and
mallegble than pure silver, as well as harder, but it is

readily rolled into thin sheets or drawn into fine wire.

Copper-1Tickel Alloys: These enter into the comppsition of
German-silver alloys of copper-nickel-zinc

and an glloy of copper-nickel is also gquite extensively used

in sheet-metal work of various kinds., "Monel-metal! is zan

alloy of copper and nickel with some iron added, and is of

the compoéition Ni 68-72%, Cu:26.5-30.5%, Fe:1.5%. At

Sudbury,Cntario, it is possible to produce this product by

the direct yefining of the nickel-copper matte  mto an alloy

instead of first separating the respective metals. The alloy

is ductile, flexible and easily worked, while it can be reuiily

soldered and brazed. It is used quite extensively for rodfing

purposes in the place of copper, than which it has much greater
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strength and resistance to corrosion.

Copper-steelvAlloys: Small amounts of copper impart properties
to steel similar to-those obtained with

nickel., Additions up to 0.30 percenf also retard corrosion.

Increasing qﬁantities‘of this materiezl are being marketed in

the form of sheets and tubes.

0f the lengthy list of alloys issued by the American
Society for Testing Materials,PhilaGelphia, sorie representative

members in general use are given in Table VI.


http:in-Table.VI

THE GEOLOGIC AND ECOMOMIC ASPECTS OF COPPER

PART V

PRODUCTION, CON3UMPTION, AND CONTROL
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Ve COPPER PRODUCTION CONSUMPTION AND CONTROL

THE PRODUCTION OF COPPER.

Prior to the last few centuries the
guantity of metals available for men's use was almost insig-
nificant in comparison with the supply now utilized. In
earlier times copper wag jealously guarded in the treusuries
of kings, nobles and persohs of considerable wealth., Mining
operations were usually confined to ores of a metallic or
oxidized nature and generally to those near the surface, so
fhat large~scale production was not commonly practised. The
increased deﬁand for copper following a"growing appreciation
of its utility, stimulated researoh in an effort to produce
larger quantities of more utilizable mefal. 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 of gunpowder, the mine pump, the rock drill
and the steam engine together with & better understanding of
me tellurgical principles and processes, ultimately resulted
in an increased production of a better grade of meteal. It
is probable that the annual output of 18,200 toms (See Table VII)
as indicated at the beginning of the nineteenth century, rep- B
resented the culmination of mining and metallurgical progreés
of several centuries. The development of electricity, how-

ever, provided the most pronounced impetus to the technical
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applications of the metél, and by virtue of its electrical
conduostivity alone copper is now produced and used in

enormcus and increasing quantities for all types of ele ctrical
work, The rapid increase in copper production is me of |
the outstanding features of the metal industry of the last

few decades.

In considering the development of copper productim -
all tohnage figures given in this paper are expressed 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 compe rison.

World Production: Since 1800 vorld production of copper has
exhibited phenomenal increases. While output
from the time of the first 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. O0Of the output of copper
between 1800 and 1925 about 1.25% was produced in the first
quarter of the last century; 2.5% from 1826 to 1850; 5.75%
in the next twenty-five years; 18.75% in the last quarter of
a century and as much as 63.5% between 1901 and 1925 (See
Fig.III1). A second significant feature of world prodﬁntion



TABLE VL, COPPER.ALLbYS, with percentages of the various m
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Loater

; ¢

{. Percentage of ,‘Ji

Copper Tin Lead - Iron Zinc

Gilging 95 . Al = 5

Commercial bronze ?0 ‘ ; 4 10

88-10-2 88 10 '- “ 2

Rich low brass 85 'i 15

Low brass | 80 ‘ 20

Admiralty 70 ; 0.9 s 29
Cartpidge brass 66.5-69.5 9307 s | 0,05 |Remainder
2:1 Mixture pipe . 65-68 0.8 | 0.07 | Rematniex
High brass 6‘4.5-67,5 0.30 0.05 Remainder
Nickel silvers 58-70 (Ni,18%) | Remainder
| Nickel silver (16%) -64 (Ni.18%) ? f Remainder
Nickel silver.(LO%) 64 (Ni,10%) W= TS f{ | Remainder
| Free-turning brass 60-63 o 2425-3.25 | 0;15 Reﬁainder
Naval brass 59-62 0,5-1.5 0.20 | 0,06 |Remainder
Forging brass -58.5-61.;5 ‘ | 1.50-2,5 ; 1,15 |Remainder
Manganese bronze 57-60 (Mn.0,.3) 1.5 ;'9-2 ’ | ;' 2,0 Remainder
Muntz metal 59-62 0.50-10 0.,07-0,1 |Remainder

(a) Roush, G,A.: "The Minaral Industry During 1926" (1927) p. 207

|
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since the beginning of the last century is thé marked change
in the geographical production of the metal. During the first
half of.the nineteenth century, Europe produced 63% of the -
world's copper; South America 17%; Asia 1%} and North pmerica
5%. In the succeeding fifty years North American output )
increased to 37% of the world's total produetion, while Europe
produced less than 30% of the total produetion, South smerica
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,Asis and pustralasia
the remainder, In the period 1926-1930 ©North America
accounted for appfoximately 56.3% of the world's copper; South
America 18.01%; Europe 8.2%; Africa 7.6%; Asia 4.54 and
Australasia 0.7%. While the North American continent has rel-
atively fallen in production it is still undoubtedly the lead-
ing copper producer of the world. Further, it igs to be obser=
ved that the Americas have together 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
for the world with the amounts and percentages of continent
output by decades from 1801 to 1930. During this period

the eopper production of the world constently incereased, and

this fact is strikingly represented in the accompanying
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TABIE VII, COPPER PRODUCTION OF THE WORLD - By COntinents and Decade . = 1801-1930, (In short tens of 2000 pounds.). (a)

——
e——

i — . e e e e~ ———— —— ——— - e ————— e s
e e e
—— —

| I

ASIA |

WORLD : NORTH AMERICA SOUTH AMERICA f | EUROFE | AFRICA -
s HPRODUCTION PRODUCTION| % | PRODUCTION| % PRODUCTION |. % |PRODUOTION| % | PRODUCTION
1801-1810 182,000 | h ? 26;520 14.46|  124,320] 68.31] MONE 31,360 | 17.23
1811-1820| 188,496 o S 26,320 15,96 150,816 | 69.40 31,360 | 16,64
1821-1830 273,504 896 | 0433 39,760 14.54f 188,048 | 68.75]! 44,800 | 16,38
1851-1840 | 364,448 10,730 2.94 59,920 16,44, 248,999 6833 44,800 | 12.29 |
1841-1850 493,808 65,856 | 13.33| 108,192 21.91! 257,576 | 52.13| | . | 44800 | 9. 07] = 17,584
1851-1860| 750,079 |  94,640| 12,47 | 251,227 | 5.10| 524,844| 4280 3793 | @49 " a4,800 | 590 39,815
1861-1870 | 1,149,344 138,081 | 12.01| 510,641 | 44,43 367,780 | 32.00] 82512 | 0.74 | '59{260 3,41 85,120
1671-1880 | 1,425,744 | 221,245| 15.54| 551,779 | 38.75|  a4s,ss0| Bl.39| 42»112 | 296 | 38,080 2.68 | 125,648
1881-1890 | 2,488,501 | 870,904 | 34.20 | 462,014 | . 19.09| 853,065 54.45& 71,083 | 2.85 117,032 | 4.70 114{543
1891-1900 | 4,149,353 | 2,393,506 | 37.08 | 322,130 | 7.92 968,428 | 23.84| 72213 | 1.8 SRR ] NG b AL, TR
1901-1910| 7,626,334 | 5,127,971 | 67.25 | 537,067 | 7.04| 1,078,876 | 14. 14| 65659 | o.e8 CRL DAL TR TV, 5N
1911-1920 | 12,187,547 | 8,219,061 | 67.44 | 1,221,012 | 10.02| 13178.808 | 9. ezl < it Bk §57,950 | 7.04 | 427,952 |
192%;3950*535,210,687 8,994,308 | 50.13 | 2,797,122 | 18.45 | 1,307,800 | 8. 59‘]'1A2 952 | 7.51| = 771,185 | 5.07 | 154,330
TOTALS | 46,498, 735(4 6,157,108 | 56.2 | 5,915, 504 14‘9._u 7,470,047 [ 16,1 Ll.egv 840 | 3.6 2;755,218 5.9 | 1,481,938

(a) Adapted from Statistics of the United States Bureau of Mines.
(b) From the Year Book of the American Burean of Metal Statistics, I930.

(c) This total includes 42, 900 tons from sources other than those listed;
this represents but 0. 097 of the world tonnage from 1301 to 1930,
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disgrams{ FPigs.III and Iv) which respectively represent

the increase by Qﬁarter centuries and by decades. Table
VIII gives the world production of copper by five-yéar
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 suééeeding five years output receded, but in the last
period i1t had resumed approximately its normel rate of
increase., Consideration of the1annual production of copper
from 1881 to 1930 ( Table IX } reveals the fact that the
output of this metal was remafkably steady until disturbed
by the World War, when, during the years 1916-18 a marked
increase 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 representaﬁion of this
annual pfoduction from 1881 to 1930, In it has been included
2 trend line based on a five-year moviﬁg average up to the
year 1913, when the production disturbance began. Its dotted
projection is continued to the year 1930. -The increaging rate
of production as indicated by the trend line can hardly be
expected to normally continue. Since the beginning oZf the

nineteenth century production has shown an average increase
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PRODUCTION, BY FIVE-YEAR PERIODS(a)

TABLE VIIXI., WORLD COFPZIR

1381-1930 (In Short Tons)
TIVE-YTAR PERIOD PRODUCT IO AKNUAL AVERAGE
1381-1385 1,105,309 221,162
13361820 1,382,782 276,556
1391-1895 1,726,305 345,261
1896-1900 2,423,048 484,610
1601-1505 3,357,378 671,476
1906-1910 4,270,956 854,191
1911-1915 5,366,397 1,073,279
1$16-1920 6,320,944 1,364,189
1921-1925 5,910,731 1,132,146
1926-1930 0 9,038,536 1,817,707

(a)
(b)

1900

1600

1404

1200¢

Sooy

Lo

N
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/88 /- 85 l/ 836-%[/09/ -951/&' 55-00!/ go1 ’dé'l 1906-/0 131/ -15 ' 19/¢- -20!1321 '251 19£6-30

FIG, V. Average Annual World Production, by Five-year Periods

1831-1930,

United States Bureau of Mines, Economic Paper. 1, (1928).

Year Book, American Bureau of Metal Statistics, 1930.



TABIE IX. World Production of Copper, by Years - 1881 - 1930,
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(in short tons)

(a)

YEAR PRODUCTION YEAR PRODUCTION
1881 | 181,342 1906 797,777
1882 202,036 1907 704,704
1883 224,306 1908 820,104
1884 245,005 1909 912,241
1885 253,120 1910 946,130
1886 241,089 1911 980, 761
1887 250, 538 1912 1,102, 509
1888 294,803 1913 | 1,090,629
1889 291,018 1914 1,027,051
1890 '3505,534 1915 1,165,447
1891 316,672 1916 1,518,622
1892 352,249 . 1917 1,575,281
1893 334,928 1918 1,574,256
1894 353,493 1919 1,095,617
1895 368,963 1920 1,057,168
1896 422,838 1921 614,636
1897 454, 531 1922 934,927
1898 480,904 1923 1,354,796
1899 519,336 1924 1,479,377
1900 545,439 1925 1,526,995
1901 580,011 1926 1,629,140
1902 615,052 1927 1,764,818
1903 656,482 1028(1)| 1,801,610
1904 726,992 1929(1) 2,127,104
1905 778, 841 1930()| 1,749,972

(a) United States Bureau of ilines, Economic Paper l. (1928).

{+\ Wrnw Ranl af the American Rueean of Metal Statistics,

1930,
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of 180 percent for each quarter century. This rate of increase
would require an output of 72,600,000 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 ceantury as compared with

that of less than 12,000,000 for the preceding one. World

copper resources could hardly be expected to adequately meet

any such demand.

Production by Continents: Reference to Table VII reveals the
| ' faet that the world production of
copper for the 130 years between 1801 and 1930 was approxime
ately 46,498,755 tons, of which total North America, 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. Europe pr%guced the second largest amount
during this same period with an aggregate tohnage of 7,470.047‘
tons, which represents about 16.1% of the total. South
America was third with 6,913,504 tons, or 14.9%. Asia,sfrica
and Australasia ( the latter including Australia,New Zealand,
Tasmania and Papﬁa) 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 ineluding 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
respectively 44.43% and 32,004, while the North American
output represented 12.01% of the world's copper produétion

of that period, Two decades later (1881-90) South America
was obliged to give first and second‘places to its northern
rivals- Furope and North America, the former once more |
assuming the leadership with 34.45% while North America

was but fractionally behind with 34.294 of the world's

copper production for the decade. South smerica dropped

. sharply to 19.09%. The following ten years saw North America
agsume the 1eadership which it has since held undisputedly.

- This continent reached its highed proportion of production

in the War decade (1911-20) when it produced 6?.44%'of the
world's outmt. In thé same period South Americe once

again resumed second place with 10.02%, while Europe accounted
for 9.62%_. Asia rose to 7.04%, Australasia receded to 3.51%
and Africa increased its outptt t0o represent 2.57% 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 7.51% and moved up to fourth place,
while North Amer ica, Australasia, Asia and Europe all lost

relati#ely. South America, fast recovering from its temporary
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lapse in production earlier in the sentury, accounted for

18.45% of the copper produced. The accompanying chart

~

(Fig.VII) has been prepared in an effort to represent these

relative production movements of the period under discussion.

Production by Countries: The United States ia decidedly the

largest coppér producer of the world
and in 1930 its output was 710,690 tons or 40.61% of the
copper production for that year. Chile and Canada followed
in second and third places with 244,683 and 151,833 tons
respectively. These three countries have been the leading
producers of the world, accounting in 1930 for 1,107,206
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. Russia with a 1930
outpuf 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 Jugoslavia, with respective tonnages of 29,762
and 28,064 tons. Other countries produeing over 10,000 tons
a year were Norway, with 18,688 tons, and Cuba with 17,963 tons.

United States: At the present time the United States is
the leading copper producer of the world,
beginning production in the decade ending 1850, in which period
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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‘output
was equal to 37,.08% of the world total. DProduction gradually
inereased 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-yearlperiod (1926~30)
an aggregate tonnage 9f 4,397,656 tons, or 46.34% wasg 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 policy other countries have since cooperated in the
exper imental manipulation of copper production and marketing
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 tomnages,
while Fig.VIII graphically recpresents the copper output by
five-year periods from 1881-1930.

0f the various producing states of this country,
Michigan was the earliest producer of importance, until 1887

when it was surpassed by Montana, which was in turn displaced

1. Postea, pp.l27-30
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TABIE 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
1846-1850 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 1916~1920 4,108,993
1876-1880 124,880 1921-1925 3,099,996
1881-1885 294,337 1926-1930 4,597,65él)
1886-1890° 526,067

From the Yearbook of the Amsrican Buresau of‘Mbtal :
Statistics; other figures are those of the United
States Bureau of Mines. :
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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
first six producers then being as follows: Arizona (41.93%);

Utah (14.92%); Montana {14.78%); Michigan (10.05%); ‘Fevada (6.27%)
and New Mexico (4.76%). o "

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 which a recession continued
until the end of the century. The first quarter of the twentieth
-century showed the Chilean copper output to be rapidly increasi ng
and this continued to 1929, when 348,365 tons were produced, In
the succeeding year, production dropped violently to about 70%
of the 1929 tonnage, a movement noticeably paralleling that for

the sgme time in the United States.

Canada; In 1930 Canada held third place among the copper
producers of the world. It be gan produetion on any

appreciable scale in the five~-year périod ending 1885, for
which periqd its output amounted to 5,365 tons. From 1886 up
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t0 and including the year 1930, Canadian production of
copper amounted to 1,466,137 tons>® The most noticeable
increase in cbpper production in Canada was during t he £ir st
five years of this century when more than three times as
much copper was produced as in the preceding five years.
Table XI contains the production statistics of Cansda from
1886 to 1930 annuelly, and by five-year periods.

The present copper-producing areas of Canada lie in
British Columbia, Ontario, Quebec and Manitoba, while 'sman
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 such potential producers are onrnly in the initial
gstages of exploration, and do not come within the scope of
the present discussion., Prior to 1886 very little copper
‘had been produced in Canada, the five-years preceding that
‘date having accounted for only 5,365 tons for the whole area.
In 1886 Quebec ores supplied 1670 tons of copper, which
tonnage then represented 95.3% of Canadian outﬁut, th e balance
of which came from Onfario. In the year 1894 British Columbia
| came into:: production with 162 tons, which at that ¢t ime rep-

regented about 4.2% of Canadian copper tonnage. Previous to

l, Figures from Annual Report on the Mineral Production of Canada,
1929, and Preliminary Report on the Mineral Production of
Canada,1930. These figures slightly exceed (by 243 tons) those
of the American Bureau of Metal Stat istics (1930) and of the

U.S.Bureau of Mines (1928).
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TABLE X1 ANNUAL FRODUCTION OF COPPER 1IN CANADA - 1886-1930

with their corresponding

: Percentages of the Dominion Total,

CAN
Lo ADA TBRITISH COLUHBIA‘ QUEBEC
PRODUOTI o | PrRoDUCTION RODUCTION
1886 1,953 | 1,670
1887 1,630 161 1,469
1888 2,781 1 s |
1889 3,391 9733  2les58(7 0
1890 3, , 007 = . 652 . 2, , 355 .
1886—90 | 12,661 1638 [13,0% || 10,933 |87.0%
1891 4,765 ’ 2064 2,701
1892 3,544 | 1102 2’442
1893 4,055 vaalae 1821 2234
I 1894 5 854 g T - 2604 1,"088
1895 3,885 476 |- | .2288 1,082 -
1891-95 | 20,103 638 | 3.1 9879 49.2% 9,586  |47.7%
1896 4,697 1,909 1584 | 1,204
1897 6,650 2,663 2750 1,237
1898 | 8,874 3,636 4188 1,050
1899 7,539 3,861 2862 als |
1900 9,469 4,989. | | 3370 . 3.0 [ %
1896-1900 57,229 17,058 @5.8% | 14,75¢ [39.6% | 15,417 [14.6%|
1901 18,914 13,802 4,348 764 | :
11902 19, 342 14,818 3,704 820 :
1803 21,342 17,180 - 5,586 - o576 :
1904 | 20,692 17,855 2,457 380
1905 24,047 18,846 ' | - 4,390 | 5 ol |
1901-05 | 104,337 | 82,501 [9.1% | 18,485 [17.7% | 3,351 | 5.2%
1906 27,883 21,495 5,319 901 |
1907 28,485 | 20,416 7,052 759 .
1908 26,721 18,521 7,503 641 iy
1909 26,246 17,829 7,873 544 - 2
1910 | 27,846 17,635 | 9,629 | 459 [ |
1906-10 137,179 | 95,896  P9.9% | 37,376 |27.2% | 3,374 | 2.59
1911 27,824 | 17,640 8,966 | 1,218 4H ?
1912 38,915 25,263 11,125 1,641 i
| 19013 38, 489 22,896 12,943 1,728 <Al
1914 37,869 20,610° | 14,474 2,101 - 1
1915 50 393 28,546 : | 19,681 2 099 o . 267
1011-}5| 193,490 |114,755 [50.3% 67,189 34.7%r'u 8,787 4.6 ‘ 2,759 |1.4%
1916 | 58,575 s1.821 |- 22,498 i 2,852 1 .o 1404
1917 54,505 | 28,865 21,434 2, 508 . 558 1’230 |
11918 59.385 | 31,433 23, 557 2,935 | T e =15 | o
1919 37,527 22,251 | 12,173 1,540—t=—"11 " YT'gpall v
1920 40, 800 22,660 | . | 16,030 ' 440 il 1,531 [l§i 139 |
| S | | . e
1916-20| 250,882 | 137,030 [64.6% | 95,672 |(38.1% 10,081 4.0{| 4,933/ 2,07 | 8,166 [1.3%
‘ - 8B TR - |
1921 23,812 - | 17,224 ﬁ 6,411 177 i dlE |
1922 21,440 15,968 5,472 . |
1023 | 43,440 | 27.612 15, 828 | | |
1924 52.229 | 32,726 18, 557 946 ik 1
1925 55,725 i 34,611 : 19,859 1,265 silee
1921-25 wz,gs,sq.g_(y 128,141 [65.2% | 66,127 (33.6% || 2 5"3_,@ 1.2) m-i i |
1926 66,547 | 44,554 & | j',| 20,656 | 2] 1,30 '; IR # g
1927 70,074 45.845 , vl gg eyl rarE o 1,508 T8 ; 34q,,ﬁ;;
1928 | 101,349 61,142 & “l 33,304 -; 16,849 GilE
1920 | 124,061 | 51,983 44,440 | 27,660 4
1930 151.679 46,616 ‘ 63,865 || 40,158 1,043 | |
1926-30 | 513,710 240,107 |46.7%(184,036 36,04 | 87,570 1,043 | 0-2% | * 54 0,017
‘ | | o b | 5
TOTALS, &,466.137, 816,127 | 85.6%|496,047 |33,84% (141,475 5,976 | 0:40% | 6,512 0,449
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’f 1906 Yukon had produced some copper which was included in the -
~ amount for that year, making a total of about 78 tons. 1In 1917
the Province of Manitoba began production, turning out 558
tons which at that time represented slightly over 1% of the
Cansdian Copper output. Production &uriﬁg~thié and the
succeeding three years was from thé relatively high grade ores
of the ﬁahdy'Mine. ‘Exhaustion of these ores necessitated the
curtailment of operations until such time as improved mining
and treatment facilities in that part of the province make
profitable the extraction of the lower grade ore remaining
in that partieuiar 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 51 ‘
provingce. | | “ | . |
The writer has compiled Table XI which g;ves canada?s  '
annual production by provineces from 1886 to 1930, with the
totals and percentages which each province contributés every |

five yearé to the éorresponding Dominion totalse.

Japan:; The main producer of copper in Asia has been Japaﬁ,’

| " which country in 1930 accounted for over 874 of the
Asiatic copper, though this was then but litt1e over 5% of
the‘world's copper. Produetion in Japan showed a veryfrapid

incresse during the period 1881-1920, and while the follow ing
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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 since
consistently fallen farther behind the latter couniry. The
greatest expansion of Mexican production was during the first
five years of the present century, when copper ouiput was
advanced more than three~fold as compared with that of the

preceding period.

Russia: An increasing production from 1881 to 1895 ocourr-
ed in Russia, while in the following period the out-
put was decreased. In the last five years under review,how-
ever, Russian coppeerutput inereased more thanvfive-fold
gnd this advance was maintained to the end, the inorease -

being from 9,967 tons in 1925 to 53,643 tons in 1930.

Peru: ~ The second largest producer in South Americsa is
Peru. Comihg into prominence in the.last five years
of the nineteenth century, it continued its spectacular increase
of production up to the general recessive period (1921-25),
following which recoﬁery was made and maintainedwﬁo 1929.

Production in 1930 showed a decline,
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Spain and Portugal: .Together these two countries were
the leading European copper produceré
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 Russia.

Other Countries: Englend, the lesading producer of
Europe 1ﬂ the earlier part of the nine-

teenth century, accounted for 44.25% of the world's copper
in the decade 1831-40 when 1t produced 161,280 tons.
Decreased production has since been pronounced, so that
at the present time its output has been relatively insig-
nifieant. This striking deqrease may be chiefly atiri-
buted to‘the exhaustion of the Cornwall and Devon ores,
Australasien production, whiech in this paper'inoludes the
combined output qf Australia, New Zealand, Tasmania and
Papua, commenced in the 1841-50 decade, and increased to
a maximum in 1911-15; after whieh it has steadily decreased
until in 1927 & slow but gradual recovery was begun and
maintained until 1930. . Belgian Congo has rapidly increased
production Since 1871. In 1930 theltotal amount of copper
produced by Africa emounted 0o 10.4% of the world's total

tonnage of the metal for that year.
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The accompanying table ( Table XII ) of the world production
of copper reveals in comprehensive form the copper producers
of the world, together with continent and world totels, cover-

ing the post-war pericd, 1919-1930.

Recovery of Secondary Copper: With favorable market conditioms
‘the recovery of scrép 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 Table XIII.

THE CONSUMPTION OF COPFER.

With an increasing knowledge and
apprecistion of the utility of the metal, the consumption of

copper has grown. Progress from the earliest times, when the
value of copper was first_recOgnizéd in the making of erude
weapons, tools and other'implements, until the present day
with its finely finished copper products, represents s wide
gscientific and cultural advancement of mankind. Any estimate
of the amount of copper consumed in a givén period is rather

a difficult task, even in the case of recent or current times,
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TABLE XII. , WORLD'S PRODUCTION OF COPPER (1919-1930 (in short tons)

| ' | | 1929
COUNTRY: 1919 1920 1921 1922 1923 1924 1925 1926 1927 1928 =l 1930
|| NORTH AMERICA} | | | , | | 935,109 |10026,348 719'59°
3 ' { j , 19 .
United States 804, 642 635,248 (238,420 | 611,070 | 754,000 819,000 | 854,000 | ©72,309 Pe3.760 | 72,570 | 86,759 | I9:388
Mexico 66,661 49,868 | 13,676 | 29,842 | 60,536 67,139 59,123 et 154 70,698 96,634 | 121,151 177963
Canada 39, 789 39.121 | 22,632 | 25.300| 40, ,230, 50,072 56,238 12’034 |- 15,538 18,869 15,740 | =
Cuba 10 991 7, ‘491 | 8,800 | 11, 788 | 11,963 12,742 13, 128 . B | ; 5" Y .249.998 | 995,851
: | ‘ | " 1 18 | 997,415 |1,123,281 [19249,990 ;
Total North America | 722,083 | 731,726 (283,228 | 678,900 865,731} 938,053 | 982,400, |1#017,461 i 4o it -
SOUTH AMERICA : | | e YA f | e 5
34 - - | | TR 15, (4 Ko S I P 7,850 |- 8,300 | . 74700 242'égg
Bolivia 7,714 10,910 | 10,674 | 1o, 154 11,744 8,200 7,500 |, 70000 | 50uto0n | 319,549 | 348,365 | Foelol
Chile ' 87,721 | 109,075 | 65,200 | 142,830 | 201,042 208,964 | 212,150 18’ 327 52,644 58,453 | 59,980 | Y
Peru 43,243 | 36,356 | 36,689 | 40,133| 46,684 37,410 | 40,635 | A M *i60 | - | | B Y
~ Venezuela "SRR ¢ 800 1,075 | - 1 178 1,230 | 1,600 | | *» | T4 302 559
_ ~ | S iGN ' | | iv BVl R R Y Y 324,886 | 386,302 | 416,045 .

Total South America 139,378 | 156,341 (113,462 | 104,192 | 262,645 255,804 | 261,785 | 279:44 - . |

EUROPE3 ' | | 1 i | e 2.

: . ' ; . ) . . g ; ) : - ; ‘ YR B : ‘f' . - | 8

: | Pl | 3,638 3,856 4,02

Austria 713 1,747 | 4,600 | 5,050 |. 5,327 * 4,242 | 3,665 ,39233 ‘ 3;233 2,203 -, 2,205 34307

France 962 | 1,718 | 2,395 3,199 6,204/ 2,568 | - 3,769 291983 30,534 28,109 31,967 ROy 128

Germany 17,384 19,015 | 20,944 | 19,841 | 20,282| ‘25,132 26,255 10,892 | - 144220 16,629 22,790 | 28,064

Jugoslavia 1,332 | 2,684 | 4,376 5, 756 7’536 8,978 | 8,048 13i7mg | 13,227 | ' 14,200 16,280 | - 18,688

Norway - 482 '613 - 6,311 10 598 8,816 10,913 13,779 Y1t 1 14,988 | 22,046 | ' 40,823 53,643

Russia N i 2,205 2,205 3,637 | © 9,967 | %é?ggé‘? - 60,351 54,605 | 53,599 46,475

Spain & Portugal 38, 561 25,353 | 36,696 | 40,234 | 57,115/ 61,839 63,933 i bl 71,000 3,500 | 1,323
Sweden . 4,443 1 793 1,465 67 5, 180  &,086 . 23500 i ) = hied 198 020, . 185.290 |
| 3 ' » | gk 1 5e9 |° 139,900 | . 142,430 2020 daidd

| Total Eurqppa 63,896 52,923 | 76,687 | 86,950 | 112,665 120,395 | = 131,806 ?35’§57f HAOPTEN 1| Ao .

ASIA | o ~ | WA | K s v 87j§24
e ‘ 4 | | E ‘ i, S PR PR Bk 75,213 83,189 ’
'] Japan iy 86,468 74,727 | 60,579 59 663 | 55,417& 69,507 | 73;289.° =’§f§8§ { Kt 72:233 5:600 gszsoo ; A0, 008

Other Asia 1 098 593 1,280 1 le2 | 810j 2,315 3,600 | e o R By 1y 300994
| Rt | | | \ , 0.266. | © 79, 80,813 | . 091,988 | AUV E
Total Asia - 87,566 | 75,320 | 61,859 | 60,825| 66,227 71,822| 76,889 | ' 80356 | © 79.481 1) 00,813 15.979“ Y 1e inl
iy 'y R | 1 4 i Y 2oV el | 13,244 | il L
AUSTRALASIA 18,118 | 29,327 | 20,869 | 13,754 | 19,995 15,711 ixmp | | *edse 12'800 EnStEE ! ivzfssl 182,680
| | X ) % ' 7 S 3,010 | 11,031 | | d
AFRICA 34,548 | 83,708 | 42,501 | 58,219 | 80,410 115,300 | 118,670 E 133, 470 d BRlE e 51.12 5,512
: . ' 3 - | . o aa |l 09 - 4,409 5

OTHER COUNTRIES 4,409 3,307 | 3,307 | 3,307 3,507| 4,400 | 4,409 L ke 4f4 BEY st T 749 575

| ﬂ ' - ' ' - ~ - i s Sty ' i 1 682, 1,801,610 |2y127,104 |(*»

GRAND T OTAL S{1,069,998 (1,082,652 (601,913 | 996,147 [1,411,980 1} 522.394. 1,589,717 *|14637,489 || 1+682,361 12,554,5 e i

[ cm——e

'

(a) From the Year Book of the American Bureau of Metal Statistics.lQSJ

»
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TABLE XIII. RECOVERY OF SECONDARY COPPER IN THE UNITED STATES (a)
(In short tons.)

SOURCE 1925 1926'
Recoveries from new scrap (not including bdbrass) 50,000 “55,000
from o0ld scrap (not including brass) 200,600 226,700
from new brass scrap (averaging about ' R
70 % copper 79,200 87,500
from old brass scrap (averaging about ' o
) 70% €@opper 90,410 110,600
Total ReCOVEries 4 4+ v o « s o o o s o o . o o { ©420,210 479,800

(a) Roush G, A.; The Mineral Industry During 1926, pl58.

TABLE XV.

ESTIMATED COPPER CONSUMPTION BY IMPORTANT AMERICAN USERS (a)
in 1929 and 1930.
(In short tons)

1930

USER 1929 INCREASE DECREASE
Electrical Manufactures 261,000 | 221,000 15.3%
Automobile Manufactures 137,600 86,900 36.8%
Building 59,000 50,000 15.2%
Manufactures for Export 74,900 71,100 5.1%
Telephones and Telegraphs 164,000 122,000 25.6%
Light and Power Lihes 127,000 130,000 2.4%

{a) Figures from the American

Bureau of Metal Statistics.
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The sncombanying table (Table XIV) of the estimated copper
consumption of the world has been prepared by the pmerican
Bureau of Metal Statistics 1. It covers the Post-War period
1919-1930., Here, as is pointed out by the Bureau, the
congumption is computed, except in the case of the Unifed
States, according to the formula of produetion, plus imports,
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, rather than at the amount aétually 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.

4 study of Table XIV, with particular reference to
~ the 1930 statisticé, indicates that the United States is the
chief copper-consuming country of the world, utilizing about
46.7% of fhe 1930 consumption of copper, and 53.5% in the
peak year , 1929. Germany in 1930, held second place as a .
copper eonsumer; but used slightly less than one-qﬁarter the
emount of metal consumed by the former country. Great Britain
and France followed closely in third and fourth positior® res-
pectively, while Japan, Russia and Italy, considerably smaller

l. Yearbook of the American Bureau of Metgl Statisties,1930 p.39.
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i

(a) From the Year Book of

thé Ameridan Bureau of Metal Statistics, 1930.

|

'

'|COUNTRY 1919 1920 1921 1922 |- 1923 1924 1925 1926 1927 11928 1929 1930
; — ' - . | .
United States 616,992 | 605,564 | 296,985 | 500,813 662,912 | 686,364 | 738,000 | 820,300 | 748,600| 892,200 | 1,015,800 | 733,700
Canada : 13.000| 13,000 | 13,000| 10,000| 10,500 | 15,400 11,500 | 15,900 | 15,600 17,400 20,600 | * 18,000
Total America 529,992 | 618,564 | 309,985| 510,813 | 673,412 701,764 | 749,500 | 836,200 | 764,200 | 909,600 1,036,100 | 751,700
Austria 4,000 5,600 9,600 | ~ 12,300 | 12,400 | 13,900 18,800 | 15,200 16,900 ' 18,600 17,3004 - 13,500
Belgium . 9,000 | 8,100 2, 500 5,900 . 8,200 11.100 17,500 | 21,000 24 000 25 ‘000 295,000 | - 29,000
Czechoslovakia 8,000 8,000 9,000 8,100 8,900 | 12,300 15,700 | 12, 800 13300 | 19,400 14,600 | 17,000
France 4! 55,400 | 68,400 50, 500 82, 500 115,200 || 132,300 | 118100 1147000 | 90,600 125,600 | 138,800 | 133,200
Germany 24,000| 73,700 | 126,500 | 148,200 | 97,300 || 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 | 136,500 139,000 | 149,400 | 157,100 | 149,700 | 145,400
Italy 68,400 | - 14,700 | 10,000 | 35,000 | 42,800 52, 400 65,600 | 67,500 | 60,900| 77,300 55,000 | 50,900
Russia &2, 4,800 6,000 7,000 9,000 | ' 8,000 9,500 | 24,000 | 44,000| 50,400 58, ,000 70, 000
Spain 8,100 5, 500 . 7,200 9,800| 12,600 9,900 13,000 | 14,200 | 12,800| 17,800 147000 | 9,300
Sweden 18,100| 19,500 4,300 | 10,300 9,700 | 16,000 17,000 | 16,700 | 18,100| 21,600 26,500 | 26,900
Switzerland ' 8,200 7,000 | 4,500 7,500 9,400 | 11,300 9,200 8,800 | 12,900| 15,600 13,600 | 14,900
Other Europe 3, 000 3,000 3,000 5,500 4, 500 9,000 16,500 | 22,500 | 28,000| 38,000 40,000 | 35,000
Total Europe 303,700 | 320,500 | 301,000 | 377,800 | 431,200 | 543,400 | 669,600 623,100 | 733,900| 820,100 | 768,900 751;oooJ
Japan Pk 61,900 | 84,900 78, 500 74,400 70,400 | 64,000 74,400 81,800 | 75,800 82,100 71,200 | 70,300
Other Asia 10, 200 8,900 | 10,100 | 22,100| 22,500 | 31,600 13,000 | 12,200 9,100 9,300 8,200 | 9,500
Total Asia 72,100| 93,800 | 88,600 96,500 92,900 | 95,600 87,400 | 94,000 | 84,900 91,400| 79,400 | 79,800
Total Africa 3, 000 3,000 3,000 3,000 3,000 3,000 3,500 | 35800 3, 500 3,500 3,500 | 3,500
Total Australia 8, 000 8,000 3,800 6,000 | 7,000 9,700| 8,500 | 9,500 9,000 2,900 9,000 5,000
GRAND TOTALS; | 916,792 [1,043,864 | 706,385 | 994,113 (1,207,512 I, 353,464 | 1,518,500 [1, 566,300 [1, 595, 500 |1,832,500 | 1,896,9004]1,571,000
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consumers, were successively next in line. With relatively

- few excéptions the increased consumption of copper has been
quite consistent during th; twelve-year period fbr whiech
statistices are available. Aggregate world consumption, how-
ever, receded in 1921 but rapidly recovered once more, while
in 1930 anotﬁer sharp decrease was indicated, both of which,

recessions in consumption may be attributed to the acuteness

of the corresponding economie¢ 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 '
wes not quite equal to that of 1927. The most marked 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 manufacture, and decreased

utilization of copper by telephong and telegraph companies,

Congumption in other countries was reduced to a lessger
degree, the greatest decline occurring in Germany where
fabricators and other users of the metal, having praotised'eeonomy

during the World. War, resorted 1o a considerable extent to the

use of copper scrap.
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THE TRERD OF COPFER PRICES.

‘ The study of the genersal price
movements of the last fifty-odd years, has lead economists
to distinguish two distinet eycles, 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 have
been attributed to such factors as improved machinery and
the application of scientifie principles and methods in the
‘production 0f cheaper substitutes; to increased foreign supplies;
to decreased interest rates, and importation and transportation
charges; and td improved communication facilities. The succeed-
ing eyele of rising prices has been regarded as closely related
to the increasing gold supplies of the period, particularly as
2 result of the influx of this precious metal from South Africa
at that time. The latfer eyele thus corresponds to the periocd 4
of'rising prices assoclated with the increasing supplies of gold
during the perioa 1851-1875, chiefly as a result of the opening -

up of the American and Australasian fields.

' In genergl, the prices of non-ferrocus metallics fell
more than the average during the former period ani rose above
the average in the second cycle. The supply of copper inereased
rapidly during the first period and it has veen estimated that

the copper stocks of the world increased 97 percent during the

1. K.W.Taylor and H.Michell: "Statistical Contributions to Canadlan
Economic History"” Vol.II ( 1931)
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years 1872 to 1885. In the second 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 cbmmodity rogse from 11;3 cents 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 end with the exception of the extreme
- temporary rise to 30 cents on the seme market in the summer of
1876, the general price trend was distinetly downward to 19.33
cents in 1879, A temporary recovery for three years culminated
in the rise of the'ﬁriee to 21.04 cents (Toronto) in 1882, 1In
the succeeding year came a world-wide finaneial erisis and
general commodity prices fell drastically. Copper at the same
time was swept to a low of 11.0 cents ( New York market) in 1886.1.

The accompanying table and chart (Table XVI, Fig.IX)
represent the trend of average pfices from 1886 to 1930, as
based on the quotations of the New York market. On the chart
are revealed five distinet and rather evenly distributed price
peaks. The first three pesks, of about similar proportims
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 erratic. Reacting to a low of 12.5 cents in 1921

1. It has been found necessary to use Toronto prices of coppsr for
the pgr;od up to 1885, after which the New York market quotations

-—— A



TABLE XVI. AVERAGE PRICE OF COPPER, FER POUND, NEW YORK MARKET.

© 1886-1930
YEAR PRICE (%) | YEAR PRICE ($)
1886 0.1100 1909 0.12982
1887 0+1125" 1910 0.12758
1888 0.1666 1911 0.12376
1889 0.1375 1912 0.16341
1890 0.1575 1913 0415269
1891 0.1287 1914 0.13602
1892 0.1155 1915 0.17275
1893  0.1075 1916 0.272082
1894 040956 | 1917 0.27180
1895 0.1076 1918 0.24628
1896 0.1088 1919 ' 0.18691
1897 0.1129 1920 0.17456
1898 0.1203 1921 0412502
1899 0.1761 1922 0.13382
1900 0.1619 1923 0.14421
1901 0.16117 1924 0.13024
1902 0.11626 1925 0.14042
1903 0.13235 1926 . 0.13795
1904 0.12825 SNt 1927 © 0.12920
1905 0.15590 1928 0.14570
1906 0.19278 1929 0.18107
1907 0.20004 1930 0.12982
1908 0.13208
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FIG, IX. Trend of Copper Prices, 1886-1930 - Vew York Market,

Vocds
e
224
Ird)
24
|/
hrd)
E?J/
V| 224
/réa
ordy
4idy
2/
Ld \
W/
sib
#1dy
Z/é/
whi
0/!/
boby
204/
lobs
904
S0b1
#od)
04!
zodr , |
101 . : ' ‘ .
aa!/ :
pry
| 5631
‘i [/3/ ’ '
943/
543/
#bst
char
zéss
168/ ‘ . N
obss
b33/
| 588/
38/
238/

a
NPL
s

0.30
0.29
028
0.87
0.26
0.25
oR4
0.23
o238
.21
0.20
019
a.18
0.7
0.1G
015
o4
o013
0.12
o
0.0
0.03
0.08
0.07

" 006

L2.05




- 123 -

prices gradually recovered and in 1928 and 1929 soared to an
average high of 18.1 cents in the latter year. In the follow;
ing years a rapid recession of prices has been récorded, with
1930 showing an average of 12,98 cents. The year 1931 continﬁ
ued the decline, and in March, 1932 an all-time low record

of 5.75 cents was reached, and to date very slight recoveries

have been made.

COST OF PRODUCTION, '
‘ ' There is a wide range in the productia

costs of coppef. 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 csopper., 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 ineluded organizations in the United States, Canada,
Mexico and Ghilé. In 1929 the same number of companies( of
which all but three were the séme) produced 1,045,500 tons

of copper at a net cost, exclusive of depletion, of 9.65 cents.
While the two estimates (See Table XVII) are not strictly
comparable,,eeftain intefestiﬁg observations may nevertheless

be made. The influence of a year of depiession upon the industry

is suggestéd in the reduced operating expenses, decreased taxes
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\

TABLE XVII. WEIGHTED AVERAGE COSTS OF AMERICAN COFFPER PRODUCTION: (a)
‘ (All figures inimcents per pound of copper)

_ 1929(Db) - 1930(cd~
Operaling o ¢ o o ¢ o o o o o o o o o b 9.92 9.5l
Taxes, interest « « o o ¢« ¢ ¢ ¢ « o o } 1,21 0.34
Depreciation . . . « + + o o .o . . o} 1,07 1.05
Miscellaneous expense . . e e e e o} 0.13 0.01

Total o« o ¢ ¢ ¢ o ¢« o ¢ o o o o« p Ll2,34 11.41
Sundry Metals o o o ¢« o o o o ¢ o o o } 1.52 1.20
Miscellaneous inCOME .« o o o o o o o 1.17 0.48
Net costs, after depreciation . « « . } 9.65 9.73
Copper outpﬁt; millions of pounds . . 2,001 1,370

(a) After Strauss, S. D., Assistant Fditor, Engineering and
Mining Journal,

(b) Includes PhelpsiDodge, Kennecott, and Cerro de Pasco, not in
1930 list, This estimate made by &. W. Tower. i

(¢) Includes Consolidated Coppermines, Greene Cananea, and Walker

Mining, 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 11l.4 cents as compared

with 12.3 cents.

‘COPPER RESERVES AﬁD WORID OPERATING CAPACITY.

BWorld Copper Reserves: A compilation ( Table XVIII) of the
copper ore reserves, has been made
by the American Bureau of Metal statisticsjl.xt includes the
nenes of the various producing companises, the location of
their operations &s well as the officially reported ore
resoufces 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 considerable

"~ change, éspecially as regards developing properties, so that

1.

the aetual reserves may be found to be either greater or
smaller than those included in the table. Probably the group
most subject to radical changes of estimate aie the African
properties now in the initial exploration and development

stages. Recent as are these estimates, several marked changes

Yearbook of the American Bureau of Metal Statistics,1930 p.18.
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TABLE XVIII. COPPER ORE RESERVES, as officially reported.(a) é
_ I . ! "

COMPANY Mine Situation Year Tons 0r°* Miver. G | »

i T ‘ _ . » SRALE 18 / Production,
Bagdad | Arizona 11930 ¥ |
Consolidated Coppermines Nevada 1270 §§ :gg ggg 1.20 576,000 Ty
«Inleratlon ‘ A.I'izona 1625 : go’o_b. 93 l‘lo 585,000 Il;356
Miami ‘Arizona i 1230 91’ 76’73 | 1.40 1.’344"200 550654
Nevada Consolldated Nevada, New HMex- L5 .371‘-:\~ - 0.95 - 869,700 29,421

. ica, and Arizona |3930 N 1 . | > . o B

Old Domininon | Arizona 1930 '.~3Og Sgg ggg‘~ %-47 4,410,000 . 138, 137
Phelps Dodge (Burro Mountain)  |New Mexice 1930 | 11 735,086 2.10 36,100 9,472

| Phelps Dodge 2Mbrenc1) Arizona 1930 579’34 ' 000 - $495 228,600 Ty
Phelps Dodge |\Copper Queen) Arizona 1930 . 24,6¢ 5’000 1'22 3,369,400)- 83,590

| United Verde Extension 4 Arizona li930 | 600,000 '%'58 331,300 Aty
|Utan | Utah {1930 | 640,000,000 | 1.07 42,000 29,589

- o i 07 6,348,000 143,313

Abana , - | Quebec 1930- 5 &H L=~' | | i
118 477,200
Falconbridge | Cntario 1931 L i 9:453i f.gg' fordgi
Granby Consolldated British Columbia 1930 | 14.601,14S 131 24,600 |
Hudson Bay Manitoba 11930 13:0'0;0001 171 264,300 30,427
‘International Nlckel Ontario 1930 206,704,000l 200 (i 307,300
Nasands - . Qusbols To4x 891,000 | =38 (o) 4,134,100 35,000 (
?herritt Gordon Manitoba 1930 5’2 4,500 23 ¥ 323,100 25,813
Waite Ackerman lontgomery Quebec 1930 _ 4%6 5001 5°90 131,400 A
| | . 26,300 1,100
I CUBA, MEXICO, SOUTH AMERICA I g - EaM] | 5 ot o |
Metahambre Mines ‘ Cuba 1930 L 3% | |
| \ | 980,933
Phelps Dodge (Moctezuma Mlne) = 3onora, Mexico 1930 7£5:oeo§ 3';2 - 46,600 15,740
Andes | -~ | Chile - |192a 137,490,000 1 51 100, 700 21,035
Chile Exploration (h) Chile 1921 L8891 5'75 5, 030 300 38,163

AFRICA R i ,_ S0 T _14’,599’000 149,738
Katanga Belgian Congo 1929 85, gve'e“: Ay e
Baluba Northern Rhodesia|1930 21, obe,aaa 'g'g%" 5,512,000 151,006
Chambishi Northern Rhodesia|1930'|  24,00,0000 %63 A
Kansanshi | Northern Rhodesia|1930 3,000,000l ,°15 383,200
Mufulira ‘Northern Rhodesia|1930 102, QEO oo 4‘39 | 332,000 -

L'Changa 00pper Northern Rhodesia|1930 “54;@_1;000\ 3 90 4,477,800
N'Kana - Northern Rhodesia|1930 100,000,000l 3°oq 2,921,000
Rhodesian Congo Border Northern Rhodesia|1930 30, 0p0:, 000! 6 60 - 5,900,000
Roan Antelope Northern Rnodesia|1930 |  108,0D0 ooql - 1,930,000
ilessina | Transvaal oL 1930 1,145, Q00| 2'75__ 3,7}5,200 '

‘OTqu | £ j R - 381,500 - 74529
Indian Copper India 1529 7@8'15 & | b
Mount Lyell Australia 1830 4,593:74i; 2-35 1?3’288“ 1,832

A 9,903
) 70,312,400 1,122,210

(a) From the Year Book of the American Bureau of Metal atatlstics,1930ﬁ

‘ (p)

Since 1901, add1t10nal ore has been developed but not estlmated.

l
1
i

!

(e¢) EStimatedQ‘
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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 Financizl Weekly, New York, the northern Rhodesia
field is feported to contain much larger bodies'of even

richer ore than steted in the table. Concerning this famous
African coﬁper’district, Rhokana Corporation ILimited (formerly
Rhodesian Congo Border Concessions,Limited) in its annual
‘report states that a recalcnlation'bf 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 Mufulira Copper Mines,Limited, reports that
this property has reserves estimated at 162,000,000 tond of
4,14% ore, Rhokana's reserves together with those of Mufulira
and Roan Antelope thus make & total proven tonnage of
540,780,000 tons of ore which average over 4% copper. .The
magnitude and richness of these ores assure the greatneés of

this field as a leading copper producer of the. future.

World Operating Capacity: The installed mining and metallur-
‘gical equipment of the world is in
excess of present needs. The annual refining capacity of the
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 future.,
This capacity should prove adequate to meet all demands for

gome few years to come.

l. A.H.Richards, Genergl Manager, Tacoma Smelter.
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MERKETING AND CONTROL OF PRODUCTION.

o . The decreased production
of recent months has been largely due to two main factors.
The accumulated stocks of copper 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 condit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>