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FOREWORD

There has always been awareness in the United Nations of the close connexion
between the process of economic development and the efficient use of natnral resonrees,
As eatly as October 1946, in resolution | (D, the Fconomic and Social Comneil
expressed interest in “promoting the fullest and most effective utilization of nataral
resources . . ."”, and in the following year adopted resolution 20 (IV) calling for a
study of “the most appropriate forms of international action for facilitating the
better utilization of world resources of manpower, materials. labonr and capital in
order to promate higher standards of living throughout the world, more particularly
in undeveloped and under-developed areas . . ..

In the summer of 1949 the United Nations sponsored a Scientific Conference on
the Conservation and Utilization of Resources, the proceedings of which were sub-
sequently published in cight volumes, the second of which dealt specifically with
mineral resources.' The Secretary.General of the United Nations reported to the
Council on the accomplishments of the conference in March 1951, and the discussion
that followed led to the adoption by the Council of resolution 315 (NID), calling wpon
the Secretary-General “to initiate a programme designed to promote the systematic
survey and inventory of non-agricultural natural resources . . .*

The first subject selected for study under this resolution was iron ore, on which
a preliminary report had already been issued A committee of experts was convened
in June 1953, and their report, entitled Survey of World Iron Ore Resources: Occur-
rence, Appraisal and Use;* was presented to the Council in April 1955,

The stady of natural resources is also being pursued by the regional cconomic
commissions. In October 1952 a group of experts on iron and steel met in Bogota
under the auspices of the Economic Commission for Latin America. The findings of
this group were published, together with contributions of the secretariat of the Com.
mission, in a report entitled 4 Study of the Iron and Steel Indusiry in Latin America.!
In April 1953, a regional conference on mineral resources was held in Tokyo under
the auspices of the Economic Commission for Asia and the Far East; its results were
published in Development of Mineral Resources in the Far East.' Farly in 1954 the
Economie Commission for Europe completed an investigation of Competition between
Steel and Aluminium.®

In the meantime the Burcau of Fconomic Affairs was engaged on a stody of
non-ferrous metals from the point of view of their importanee in international trade
as well as in various metallurgical industries. The present report is the outcome of
that study. It does not deal with technical problems connected with geology, metal.
lurgy or engineering, or with the measurement of reserves or the standardization of
terminology. Rather, the report offers a general analysis of the cconomic as. cts of
the non-ferrous metals industry, with a view to providing a backgronnd  against
which the technical aspects may be seen in clearcr perspective. It reviews the position
of the major non-ferrous metals in trade and industry from the standpoint of the
under-developed countries in which a sizable proportion of the world's are resonrees
are found. Consequently, mnch of the report is concerned with the manner in which
the mining and smelting of the ore—as distinct from the export or local fabrication
of the metal—may stimulate other economic activities.

t United Naiions publication, sales number: 1950.11.B.3.

 Forld Iron Ore Resources and their Utilization (sales number: 1950.11.0.3}.
3 Sales number: 1954.11.D.5,

4 Sales number: 1954.11.G.3.

% Sales number: 1953.11.F 5.
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EXPLANATORY NOTE

The fol.owing symbols have been used in the tables throughout the report:
Three dots (. . .) indicate that data are not available or are not reported
A dash (—) indicates that the amount is nil or negligible
A blank in a table indicates that the item is not applicable
A minus sign (—) indicates a deficit or decrease
A full stop (.) is used to indicate decimals
A comma (,) is used to distinguish thousands and millions
A slash (/) indicates a crop year or fiscal year, eg., 1953/54
Use of a hyphen () between dates representing years, eg., 1950-54, normally
signifies an annual .verage for the calendar years involved, the

and end years. “To” between the years indicates the full period, e.g., 1950 to 1954
means 1950 to 1954, inclusive.

References to “tons” indicate metric tons, and to “dollars”, United States dollars,
unless otherwise specified,

The term “billion” signifies a thousand million.
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Chapter 1

INTRODUCTION

The nature. extent and rate of economic development
in any country are greatly influenced by the quantity and
quality of its natural rcsources. Among these resources.
mincrals occupy an important position; they provide not
only metals and fucls but also essential raw materials
fur the building, chemical and engincering industries and
therefore occupy a strategic position in the physieal pro-
cess of development. Among minerals, in turn, the ores
of the non-ferrous metals play a significant part in the
economies of many of the less developed countries. Some
of these countrics are major sources of one or more of
the non-ferrous ores and to an increasing extent, as
smelting and refining facilities are established, of the
associated primary metals,

Most of these non-ferrous metals fulfil their principal
function as raw materials for factories making durable
goods, largely for the use of producers rather than con-
sumers. Hence the main markets for non-ferrous metals
lie in industrial countries; domestic use within less de-
veloped countries depends on the progress of local manu-
facturing. Industrialization and the extension and diver-
sification of the domestic use of the mineral output are
thus interrclated, and to a certain extent mutually de-
pendent, processes.

Quite apart from the nature and use of the products,
however, the actual process of exploiting a eountry’s
mineral resources has certain developmental effects on
the economy as a whole, and these constitute the prin.
cipal theme of the present study. They are examined in
the light of a number of conditions which determine
what might be called the “development potential” of the
non-ferrous minerals industry. Among these conditions,
the most significant are the unature and location of the
mineral and the method of mining; the stage to which
processing is carried within the producing country; the
extent to which the industry yields raw materials that
ean be used in local production; the extent to which it
provides a ficld of employment and training for local
labour which might otherwise be uncmploved or less
productively engaged; the extent to which it brings into
being ancillary facilitics, such as transport and power,
which wre capable of serving sectors and purposes other
than mining: the extent to which it creates an intcrnal
market for varions types of goods anl services and thus
promotes diversification in the economy; the extent to
which it yields a salcable export product (or the replace.
ment of a previous import) and hence a source of foreign
exchange available for financing other imports; the extent

to which it provides funds for private investment; and.
not least. the extent to which it contribntes 1o public
revenue, directly or indirectly, furnishing the government
with funds for the financing of its development pro-
grammes, The effect of these conditions depends on the
relative impartance of the non-ferrons winerals industry
in the economy and henee on the nalure and degree of
econamic development the country has already attained
and in the final analvsis on the availability of other
resources, matetrial, financial and liuman.

Although circumstances and problems differ consider-
ably from one under-developed comry to another,!
naximization of the developmental effects of the mineral
industry invariably requires that it be treated as an
integral part of the econamy in which it operates, in
terms both of the factars of prodnction it ntilizes and
of the physical and financial produets it yields. Hence,
a mineral producing country—especially if it is under-
developed-—has to aim in the first instance at the most
economical distribution of resources between mining and
the other sectors of the ccanomy. For this purpose, the
profitability of a given mine or the gross earnings of
foreign exchange from mincral exports, thongh impartant
considerations, are not the only criteria or necessarily
the most pertinent oncs. In the mining sector itself, more-
over, the most economical allocation of resources cm-
ployed to operate the mincs and the most productive nse
of output are both necessary if the mineral indnstry is

1 For the purposes of this siudy it is not neccssary 10 have a
rigid definition of an “under-developed” economy. The develop
mental effects of the non-ferrous mineral indusiry are logically
independent of 1he existing degree of developmen of the resousce
couniry, even though they are obvionslv likely 10 have much
greater relalive significance in a simple expori economy 1han they
are in an indusirially advanced economy, The countries in whieh
the indusiry is considered in 1his study arc mainly 1he so-called
“mineral economies” in which a high proportion of expon carn-
ings or national producy, or hoth, iv derived direetly from the
exploitation of non-ferrous ore 1esources,

Where, for some statistical purpo=e, underdeveloped conntries
are treated as a single category, they are in general a residual
group, the countries remairdng after ab-traction from the world
total of northern America, western Furope, Japan and Australasia,
where manufacturing contributes wmore than one-fourth of the net
national income or oeenpies more then onefoarth of the cmployed
population, Although eertain of e wedern Euopean conutries
(Greeee and Portugal, for exampley do not conform 1o this defini-
tion, they are included for stan-tical comvenirnee as pant of the
industrial area of western Furope, Unle-s cpevifically mentioned,
Bulearia, mainland China, Czechoddosakio, e tetn Germany, Hune
garv, Poland, Romania and the Union of ~oviet sociofer Repab.
lies have in general been amitteed foom - div-ian becane of
the absenee of recent stati-tics,
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taoexert its preatest developmental effect g the iderest
of te ccomomy as a whole.

Furthermore, for the createst long-rnn benelits, the
rate of exploitation of o wincral resonrce shankd he e
ordinated with the conntry’s wenerat ceonomic develops
went. Orer-rapid exploitation which involves “skivaniine
the cream™ of a mimeral depesit may lee as inimical to
steady progress as sterilizing that depasit ja line wih
an ill-conceived “conservation”™ paliey,

Organization of the industry

b shonld be pointed out at this stage that in ne st
under-developed countries the mineral industry  com-
prises a small number of comparatively targe wnits and
a mnch karger inmber of sadl wits. The latter often
consist of marginal mines, vhich in several of the less
develuped conntvies have veeenth been the particular
concern of the government—in Chile and Bolivia. for
example, wheve they have been assisted by speeial credit
facilities and by the establishment of eentral plants for
the smelting of their wre ompnt. o a few eases  Indo.
nesia and Balivia, for example- mining and subsegnent
provessing and distrilation «f the products are carried
out by the gvernment. throngh special agencies estair
lished for the povpuse,

Moxt of the small mines are domestically owned: many
of the larger mining companies. however. are organized
and contralled from indnstrial countries.  This fact re-
fleets both the histarical growth of the mining indnstry
and the trade flow of the raw material. Most of the com-
panics with interests i mare than one conntry originally
operated mines in Furape or the United States and many
of thewm still do. thns having direet access to the forms
of capital and “knew-how™ that are necessary for explait-
g wineral resomees elsewhere,

Mineral exploration is wsnally a costly process requir-
ing techuical knawledge and skill of a specialized nature.
which are gencralh very scarce. especially antside the
ceanondeally advanced comtries. Developing a mine,
moreoser. often imalves considerable risk. arising from
both physical nneertainties and price fluctnations and
tending to make adeqnate capital and  well-established
market ontlets and conmesions necessary coanditions for
snecess. Farthermare, o new mine may take a long time
to become productive. For these and ather reasons. it
may often prave mutnally beneficial, and in some cases
more appropriate. to have exploration and mining devel-
apment fivaneed by capital fran the industrial countries
rather than from the Bonited finids that may he available
in the resonree conntey and for which, at least in the
carlv stages of ccamomic growth, there are likely to be
1aany anere nrzent and less risky uses,

I physical tenas, the nsnal purpose of mining opera-
tiems that resnlt from such exploration and development
18 becsnpph minerals far sale on world markets. In some
instances, howevers a mine opened np in an under-devel-
oped conntry mas he designed 1o supply part or all of
the raw material intake of a partienlar refinery in one
of the indnstrial contries. In this wav. a number of

fairh welldetined relationships can be traced between
spectiie mines and specilic refieries and, i sanme cases.
specihie fabricatiig plants tao, Relationships of this
natme often govern the faw of mine ontput. and though
thes tend to impart an element of rigidine o mining
policy. have the advantage of facilitating distvilnstion of
the are or crnde ntal.

Developmental effects

The canditines listed ahove as the principal determi.
nants of the deselopmental effects of the wining industry
may be classified into two broad groups: (1) the direct
and the indirect physical ontgrowths of the mine itself;
(2) the vesults of the varions manetary flows gencrated
by the indnstry,

Muong the indirect physieal effeets of a mine are the
varions facilities—roads, railways, water supply and so
on- which wsmallv have to be constructed in order to
provide access to the site and make it habitable, and
facilitate the handling of incoming mining stores and out-
guing ore. The direet physical effect of the mine arises
through the domestic use of its output. In the first place,
the varions non-ferrous ores constitute the raw materials
for the corresponding smelting and refining industry. Al-
though a good deal of the crnde mineral still enters into
international trade, there has been a considerable in-
crease in the amomnt of preliminary processing carried
ont in the under-developed resonrce countries: about one-
cighth of the world’s inetallic zine supply (ontside China
and the Union of Soviet Socialist Republics), one-fourth
of the lead supply and almost one-half «f the tin and
copper supply now come from nnder-developed countries.
In a wnmiber of instances, by-products of the mining or
sinclting pracesses have, in their turn, provided the raw
materials for other industrics. Thas, the flue dnst from
Mexican zine smelters yields cadmium, used for plating,
while the sulphide ores from which copper is obtained
have provided the raw material for sulphnric acid pro-
duction in Chile and the Belgian Congo and more recently
in Northern Rhodesia,

Subsequent nse of the metal takes the industrialization
process a stage further. Several of the non-ferrous metals
are important raw materials in the chemical, insecticide,
and paint and pigment industries. thers, notably zine,
tin. chromivm. nickel and cadminn. are important in the
clectraplating industry. The major use of the additive
melals is in the stecl industry. for the production of spe-
cial ally<. Must of the wmetals. cither singly or in com-
bination. are widelv nsed in what has become known as
the fabricating industry. Up to the present, however,
very little of the non-ferrams metal ontput of under-de-
veloped countries has been absorbed by their domestic
processing industries: nor have anv of their non-ferrous
metal fabricating activities expanded to major propor-
ticms. 1t is evident that the principal direct develapmental
cffects of the mineral industry, as reflected in the growth
of ascociated metallurgical. chemical and fabricating in-
dustries. lie largely in the futnre. to be realized as the
industrialization of the less developed countries proceeds
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and the local demand for mamifactored metal prodicets
becomes large enough to snstain prodocers of economic
size

In the meantime, given the existing patiern of demand
for ores and metals. the main developmental eflects an
these countries lie less in the mineral outpnt as sucl (the
bulk of it heing exportedy thauw in the nse that is wade
of mining revenne and i a nmnber of considerations
that are incidental to the actual process of mining. The
significance of this conelusion is enhanced by the wasting
character of any mineral reserve, whieh in the nature
of things faees eventnal depletion. In most under-devel-
oped countries the objective of atilizing non-ienewable
mineral resonrces as productively as possible necessarily
involves the government, upon which rests the primary
responsibility for ensuring that capital facilities are ere-
ated that will ultimately be capable of replacing some
of the economic fimctions scrved by the mine.

The monetary flows

Mining revenue acerues partly m domestic currency
and partly (in most cases, very largely) in foreign eur-
rency. These foreign currency earnings wmay be used
for importing mining stores, for paving the wages and
salarics of foreign cmployees, for maintaining olhces
and reserve funds abroad, for repaying foreign debts,
for investinent in new, imported eapital equipment and
for the pavment of interest to ‘lebenture holders or of
dividends to shareholders. or they may be sold on the
foreign exchange inarket or surrendered to the govern-
ment at a prescribed rate of exchange to become available
for the financing of general imports. The conversion of
its foreign exchange provides the mining eompany with
local currency for meeting local expenses—for wages and
salaries. stores and services, various forms of taxation
tincluding royalties) and dividends to local sharchokders
tincluding. in a number of instances. the government).
The actual distribution of mine revenue among these
various recipients depends partly on the output of the
mineral and the price it realizes, partly on decisions made
by the mining companies themselves. and partly on the
policy pursued by the govermment in respect to such
matters as exchange coutrol and taxation.

Although precise measurement of the resultant mone-
tary flows is rarely possible, in general it can be stated
that in recent vears there has been a tendeney, especially
in those countries which have experieneed balance of
pavments difficulties, for governments to claim a larger
share of the revenue created by mining than formerly
and also to exereise a greater inllnence upon both the
proportion allowed for payments in foreign currencies
and the conditions and timing «f snch payments.

The developmental effects of the flow of mine revenne
into the public purse depend upon its magnitude and the
use the government makes of it and also—more signifi-
cant in the present context—upon the way in which it is
collected. Normal government expenditure may serve
important developmental needs, especially in an under-
developed eountry in which good administration and the

provisionc of edacation aud health <cirvices cae olten na
pottant means of vaisme prodacts iy Bat e <o cases
revenne from mine tanation has heen devoted wholly or
et o defonde ivestient progeaanaes on the explicit
grovands that it represerded the depletion of o natnal
asset. As far a< wethod of collection i~ cons erned. while
it i~ impossible o measme with e precision the
fhience of a given tas npon the developreid poteatial of
the mining edustey, a0 nimber of the taves comanenh
levied i nnder-develaped comtres have a fanh deter-
minate effect, A rovalty pavable on the vohiawe of me
removedds for example. is Bhely b discoraaze the extrae
tion of low-grade ore: an export tan one coneentrates
seems calendated to enconrage domes<tic staelting: an obh
gation placed ou a mining company 1o hand over from
its export procecds the foreign enrenes equivalent of s
local costs at an unfavowrable exchange vate is likel to
bring about a reduction in it local expeaditme: a1
on mining ncome which allows a rapid wiiting down of
capital expenditure tends o enconraze new investment,
In general. the wost common tax is one on profit. This
has the advantage of offering the least deterrent to pri-
vale investment, especially if the rate deelines with a
decline in the vatio of profit to metal vecovery. On the
other hand. a tax on prolits has the disadvantaze, from
the point of view of the government and it development
plans. of being subject o the gicatest Hnetnations.

Fluctuations in profit reflect flnetnations in dewand and
ontput in the face of relatively inflexible costs. A< the
lalk of the non-ferrons metal outpnt i< consmmed i the
production of durable teapital and consnmery gowds,
the demand for these metals tends to be a fimetion of
the demand for durable goods, and in the past this has
been markedly wnstable. In geueral, changes in the ont-
put of metal have tended to follow changes in demand,
but as mine ontput is not very flexible, changes in the
level of production have often been oo Fate 1o prevent
major fluctuations in price. Fluctuations in ontpnt and
price have consequently tended o veinforee cach other
g minmber of oceasions notahly in the period 1920
to 1922 after the First World War, i the years 1930 1o
1932 drtng the depression. for shorter perviods i 19386,
1o, 1919, and front [958 1o 1952 after the onthreak of
hostilities in Korea- - thus increasing the amplitnde of the
fluctuations in the reccipts of wnder-developed conntries
fram nineral exports.

Fluetnations ia the demaund for the prodnet have abs
been reflected in Bnetnations in mining emplovinent and
in wage pavmeuts, which have from thne to tune serionsly
detracted from the development potential of the wines,
The use of migrant labonr in some areas may have helped
to reduee the bhurden of localized unemplovinent, bt ouly
at the expease of forgoing the advantages of developing
a trained foree of loeal labomi. For, in peneral, the
ligher the proportion of local labonr emploved in ndniny.
the wider is the development effeet Ehelv 1o heoespecially
i the workers acqnire new shills intlar conrse of serviee,
And the more backward the comdry the ereider are
likely to be the eeomanie. social and psyvehological eleets




lowine from the introduction of so complex an organiza-
tion as a modern larce-<cale mine. Many of the most
skilled  positions, particularly in the carly stages of a
mine’s operations, are necessarily Glled by personnel from
abroad. trained in some cases on other properties of a
parent company. Thangh some of these workers are Likely
to e tansients, those who s tle in the conntry add to
its resources of SKill, ond po~<ibly of capital, too.

When a forcizn company is involved, the problem of
financing the purchase of equipment for use in the mine

most of which usually has to Le imported- is met by
the direct investment of foreign capital. For a locally
owned mine, purchase of equipment means use of scarce
foreigyn exchange resources, lenee there is a certain pres-
sure to substitute labonr for capital in mining processes,
at least in the early stages, and in the normal conrse of
events relative factor prices would tend to favour this,
especially in areas with a high level of rural under-em-
plovment. Nevertheless, technical considerations are the
main determinant of the particular labour-capital rela-
tionship necessary for the most economical exploitation
of a given mineral deposit. Thus, the small deposits of
tungsten ore (wolfram and scheelite) that are found in
Pern or the small alluvial concentrations of tin ore (eas-
siterite) in Nizeria require far more labour per unit of
capital than do the massive deposits of copper ore in
Chile, bauxite in Jamaiea, mangancse ore in India, or
chromite in Southern Rhodesia.

Up to a point, the higher the wage level in mine
employwent, the more favourable the effect on local
standards of living. The limit is set by the fact that,
in the long run, the development potential of a mine
depends upon the extent to which all the valuable ore
is extracted from the deposit; and if higher wages involve
higher working costs, they tend to raise the pay limit
and hence reduce the incentive for removing the ore that
is less accessible or of poorer grade. In low-cost mines,
however, an increase in the wage bill is unlikely 1o affeet
mining policy very greatly; its result is more likely to
be a corresponding decline in profits, 12flected in turn
in lower government revenue from this source and smaller
dividend payments to sharcholders.

The proportion that the wage bill bears to total work-
ing costs varies considerably with the nature of the ore
deposit, the techinigue of extraction and local wage levels,
In Northern Rhodesia, for example, wages have absorbed
between one-fonrth and one-third of the revenues derived
from mining in recent vears. Where the degree of mecha.
nization is greater, wage eosts are likely to be relatively
less, expecially in the case of deposits which can be
worked by opon cut methods, In the ease of some smaller
and deeper mines, however, wages are nsunally a major
item of cost,

Not all remuneration is in the form of cash wages;
many mines provide free or tow-rent housing for their
emplovees and some issue food rations or operate fow-
cost shiops for the convenience of workers--a necessary
amenity onmany of the more isolated properties. Another
noticeable feature in recent vears, whether resulting from
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government reculation (hased, perhaps, on international
conventions) or from enlightened employers’ decisions,
has been the extension of social services of various kinds
for the henefit of workers in the mining industry,

The bulk of the cash wage payments made by the
mine to its labour force flow on to the local market in
due course in the forn of a demand for eonsumer goods.
The mine, too, may exercise a signilicant local demand
for stores and services required in the course of nornnal
operations,  In a nnmber of countries with non-ferrous
ore resourees this demand has proved a considerable
stimulus to cconomic diversifieation and to the strength-
ening of existing economic aclivities,

Among the requirements of the mine there may be
several which entail substantial investment in ancillary
facilities. Given the fixed location of the mineral deposit,
transport is likcly to be one of these; and given the high
level of mechanization of many modern mining processes,
power is likely to be another, while reticulated water
and its associated enginecring works are likely to have
high priority in most cases. The minc, its surface works
and cuployees’ housing will nsually create a substantial
demand for building materials, while the availability of
transport, power and water may well prompt the estab-
lishment of other loeal industries.

Although loeal factorivs and farms have the advantage
whieh flows from their proximity to the market, in the
carly stages of developinent this market is often too
small to sustain economie production, and new industries
may have difficulty in establishing themselves in the face
of competition from producers in more advanced coun-
trics. In many conntries imports of mining equipment
are admitted duty-free, but in a number of cases the
demand for stores and produce made or grown locally
has been promoted by imposing protective customs duties.
As such duties tend to raise the loeal price of imported
goods, their use as an instrument of development is
limited by the desirability of holding down working costs
in the interests of competitive mining. This principle is
in turn limited by two considerations: (1) the possibility
that the domestie industry may in duc course, with expe-
rience and expansion, produce goods at less than the cost
of the imported equivalent and (2) the fact that the
process of internal industrialization tends to expand the
domestie market for the non-ferrous metals themselves,
thereby reducing both their dependence on export mar-
kets and imports of fabricated metal produets.

After the payment of wages, the purchase of working
stores and services and the meeting of tax and debt obli-
gations, what is left of mining revenue—net profit, the
foirth of the monetary flows now being considered--is
available for distribution as dividends to the owners of
the eompany or for retention within the company for
subisequent investment.

Asindicated above, many of these companies are owned
by parent concerns or by individual shareholders in in-
In so far as this makes available
knowledze, skill and eapital and, in many cases, a market
for the product also, it is of considerable advantaze to

dustrial conntries,
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the  underdeveloped country, which nsually lacks  all
these things, Indeed, in the absenee of enterprise from
ont=ide and a supply of the necessary complementary
factors of prodnction. some of the non-ferrons ore re-
sources in under-developed arcas might never have been
exploited at all.

Nevertheless, dependence on foreign companies also
involves certain disadvantages, first in respect to balance
«f payments matters and second in respect to the wider
problem of developinent and resource utilization. Thus,
in the first place, when all or most of the company equity
is held abroad, the faet that dividend payments are re-
lated to widely fluctuating profits, and not necessarily to
the resource eountry’'s general foreign trade position,
may occasionally lead to remittances which do not syn-
chronize with the flow of foreign exchange resources
and which are high enough to create or aggravate a
balance of payments problem. In the second place, al-
though the rate and method of exploitation of the are
may be influenced by lease arrangements over the mineral
property (incorporating the fixing of mininal rates of
expenditure or extraction, for example), and by fiscal
policy and various other government measurcs, in the
final analysis it is the mining eompany actually carrying
out operations that must determine the course of produe-
tion in the light of market eonditions. In the case of
international companies, the eriterion of success may be
the profitability not of a single mine but of a much
larger unit in which a refinery and several feeder mines
may be involved. Under such eireumstances there is a
latent possibility of divergence between the company’s
mining and dividend policy and the govermmnent’s develop-
ment policy.

Not all the commpany’s profit is neccssarily distributed ;
indeed, a portion of it is customarily retained in the
form of a capital fund. Some of this inay be used for
direct reinvestment, to prove and develap new reserves
of ore, for example, or to discover new mineral deposits.
In this way, the expansion of many mines has been largely
self-financed, and working life and capacity to earn
foreign exchange periodieally extended. Although there
has been a general tendency for mining ecompanies to
reinvest in their own eoncerus, or in a related mineral
ficld, undistributed profits havc also been used to finance
other types of enterprise, partieularly industries produe-
ing specific mining stores or utilizing mineral by-produets,
thus eontributing towards diversification of the economy.

Summary

The main lines of reasoning in this report may be set
out in brief. In the first place, it has to be recognized
that under-developed couutries are important and in
some instances major sources of the world’s supply of
many non-ferrous mninerals. Domestic use of these mate-
rials, however, though inercasing rapidly in a number
of these countries as the proeess of industrialization gets
under way, absorbs, with few exceptions, only a small
fraction of the total output. Indnstriahzation and the
increasing usc of minerals are processes which interact.
the one accclerating the other: the expansion of manu-

facmring results in o greater constmuption of minerals,
wliile a larzer iternal mavket for ninerals depends aipon
the extension of ~ceondiry indusnny. Aoy programme
for imezrated ceonomic deselopment. therefore, entails
among other things the enconragenent of greater donies-
tic use of mineral resomrees,

LEven with a rapid vate of ndnstrialization, howeser,
few underdeveloped mineral  producing conntries  are
likelv to consame more than a small proportion of their
ontput of nenferrons metals in the foreseeable fature,
This means that in wost cases the greater part of the
outpnt will continue to be exported. Accordinely, it is
evident that, in many of these conntries, the direct physi-
cal effect of the minerals industry will continue to he
less important than the benefits derived from its role as
an earncr of foreign exchange; consequently, the devel-
opinent potential of any non-ferrous metals indostry will
eontinne to lie principally in its eapacity to earn foreign
exchange.

The more foreign exchange proceeds are used to im-
port eapital goods or essential consumption goods rather
than non-esscntials, the greater is the long-rnn benefit
for the resource conntry likely to be. llence, due account
being taken of the mining companics’ legitimate interests
and the need of under-developed comntriex for capital
and technical knowledge, the more the mines contribnte
to government revenne rather than pay out as dividends,
the more they invest in the resouree comtry- -whether
in their own enterprise or in other local enterprises
rather than distribute profits abroad. the more they
employ local labour rather than transient immigrant
labour, the more they purchase domestic rather than
imported stores, the greater, in general, are the benehits
likely to be for the econoniic development ol the country.

The government of the resource comntry las an im-
portant part to play in this process. First, it has the
direct task of making the best nse of the tax receipts
derived from the mining industry. Given a well eon-
ceived policy of economie development, these reecipts can
pro-ide an important means for carrving it ont. And,
seeond, it has the more general task of implementing its
development policy by formmnlating and administering
laws——dealing, among other things, with taxation, labonr
matters, customs tarifl, enrreney and exchange problems
and with the operation of foreign companies  designed
to ensure the most effective exploitation of the comtry’s
mineral resonrces.

To snm up, therefore, in the circnmstances whielr pre-
vail in most of the under-developed countries. the process
of maximizing the development potential of the wom
ferrous metals industry to the mntial benetit of hoth the
resonrce country and the winimg company i~ essentially
a problem of making as froitfnl a< possible the varione
income flows generated by sale of the ontput, chielly in
external markets, while at the same time ensuring not
only that the ore bodies are worked with the wreatest
efliciency, bt alo that the most effeetive nse s anade of
those products and by-prodnets ol the mining process
wlrich are consmmned internathy,



Chapter 2

PATTERNS OF CONSUMPTION, PRODUCTION AND TRADE

NATURE OF THE NON-FERROUS METALS

The metals dealt with in this study comprise those
members of the nanferrous group whose production or
consumption plays an important part in the cconomy of
onc or wore of the under-developed countries. They
fall into two principal categarics: 11) those that ave rsed
alone or in combination with uwther nou-ferrons metals
in ways in which their individual praperties yickl some
well-defived advantage and (2) those that are usel
mainly for alloying with iron (in the production of
special steels).

The major non-ferrous metals

In the first category are five metal: copper. which
apart from beiug ductile and mallcable is an extremely
good conductor of heat and electricity; lead, which is
highly acid-resistant and heavy but easily worked, espe.
cially when alloyed with antimony: zine, which is alsa
workable, especially when alloved with copper fas a
bras<) and. hie cadmium, a protection azainst normal
atmospheric eonditious; tin, which is stable and easily
fusible. cspecially when alloved with lead (as a solder)
or with copper (as a hronze) ; and aluminium, the newest
member of the gronp 1o be nsed on a large scale, re-
markable for its lightness and high condnetivity.

Unlike the additive metals that form the second cate-
gary, these major non-ferrons wetals are not directly
dependent on steel technology, even thangh the principal
use of zine and tin is for plating iron and steel sheet. As
in the case of the additive metals. however, their chief
market lies in the curable goods indnstries. The prin-
cipal use of copper is in electrical equipment. that of lead
in storage batteries (mainly for morr vehicles), that of
alumininm in those items of trausport and machinery in
which lightness i~ an asset; also, all three metals play
an important part in bnilding and construction.

Apart from the five major metals there are several
minor ones. As indicated above, cadmium, like zinc and
tin, ix predomivauntly a plating metal. aud is therefore
closely associated with those iron and steel goods which
reqiire protection against atmospherie corrosion, Most
antimony is nsed g conjunetion with lead, aud in much
the smine way bervlliom is wsed for strengthening copper.
Maguesinm amd titaninm are licht metals whose nse is
increasing rapidh : the former, becanse of relatively low
tensile strength, is nsed chieflv for alloving with aln.
mininm, while the latter though nmeh stronger has had
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its nse restrieted by its relatively high price. As none
of these metals plays an important part in any of the
less developed econumies, their principal significance in
the present study lies in the extent to which they comple-
ment or compete with the five major metals.

Consumption' of these major non-ferrous metals is
confined very largely to the industrial countries, though
it is not concentrated to quite the same extent as is use
of the alloy metals. In post-war years about one-half of
world consnmmption of copper, zinc, lead and tin (not
including that of the Union of Soviet Socialist Republics
and mainland Chin1) has been accounted for by the
United States and more than 90 per cent by northern
America, western Europe and Japan, while almost all
the aluininium has been consumed in these industrial areas
(table 1). In general, in spite of a slight increase during
ihe past three decades in the proportion of total non.
‘errous metal supply used in Africa, Asia and Latin
America, the overwhelning bulk continues to be con-
sumed in the factories of northern America and western
Lurope. ‘

The additive metals

In the second category are the metals used chiefly for
alloying with iran and steel. For certain of these metals,
such as columbium and vanadium, for example, the sole
nse in enrrent technology is to impart to steel qualities
of hardness and durability and, in the case of colum-
binm, stability at high temperatures. Molybdenum also
finds by far its most important use in giving to steel
properties that are valuable in the making of tools. Man-
ranesc has a more general role in ferrometallurgy: ever
since 1836, when it was first employed in the smelting
of Bessemer steel, it has been widely used as an oxygen
and sulphur removing reagent, while more recently it has
also heen nsed in the production of special tough steels.
Tungsten has much the same function as molybdenum as
a steel hardener, but it is also used for its electrical
propertics, especially as a durable incandescent material
which has almost completely replaced carbon in the fila-
ment of lamps. Although chromium and nickel also owe
their importance largely to the fact that they impart
certain qualities to steel. both hardness and the ability
to resist corrosion, they are in addition widely used as

“in the present context, the proce<s of “consumption” is the
we of the material in a <urceeding stage of production. Thus
ore 1= “consumed” in the process of smelling or refining. and th»
metal is “consumed™ in the process of fabricalion.




NATURE OF THE NON.-FERROUS METALS

Table 1. Consumption® of Certain Non-Ferrous Metals and Ores, by Regions, Selected Years

{ Thousands of metric tons)

Australis,
New Zealand,
Japan

United States
end Canada Europed

Metal and year
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Amount of total

Africa
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Latin America
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14
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1518
1464
1,766
1817
1,678
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14,570
13548
16.645
21.858
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14 2

50
6D
9
23

12.586

9,631
11900
17,580

—_ 1
12 1
16 8
67 22

Source: International Materials Conference, Report on Opera.
tions, for 1951-1952 anil for 1952.1953 {Washington, 1).C.)): Inter.
national Tin Study Group, Statistical Yearbook, 1954 ('The Hague,
19551 Precident’s Materials Palicy Commission, Resources for
Freedom, volume 11 1 Washington, D.C., 19521 ; American Bureau
of Metal Statistics, Yearbook, 1954 tNew York, 1955) ; Metallge.
sellselaft  Aktiengesellschaft, Metal Statistics, 1938, 1916.1953
(Frankfort on Main, 1954,

* Aetual eonsumption in most cases for copper, zine, lead, mo-
W hdenum, tin and tungsten; apparent consumption  (pioduction
plus imparts minus exports) in the case of aluminium, manganese
and chromite. Consumption of primary metal in most cases, but
secondary metal ix included fur sume countries,

b Austria, Belgium, Denmark, Finland, Franee, western Germany,
Italy, Netherlands, Norwav, Portngal, Spain, Sweden, Switzerland,
Prited Kingdom and Yugoslavia,

“India, Indenesia, Israel, sonthern Korea, Paki-tan, Philippines,
Taiwan and Turkes.

TOnly ore with a metal content of 30 per cent or more,
“Metrie tons of metal coutent of are and prmary prdnets,

! Alocations recommended Ly the International Materials Con-
ference,

¢ Fstimated on the basis of averase 198, 1949 and 1952 von-
sumption; the total for 1930 includes this estimate.
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plating metals. Cobalt. Like columbinn. is especially
vahwable in rendering steel capalile of resisting high tem-
peratnres: it also improves the magnetie qualities of iron
and is therefore very nseful in the electronies industry
for the production of permanent magnets,

One of the important consequences of this pattern of
use is the fact that the demand for the ferroalloys is
channelled chiefly through those few countries whose steel
industries are sufliciently develuped to produce the spe-
cial grades in question. In 1950, for example, six of the
leading steel producers—the United States, the United
Kingdom, western Germany, France, Sweden and Japan
—accounted for 89 per cent of world tungsten consump-
tion (excluding that of the Soviet Union, eastern Furope
and mainland China) while the United States alone
consumed more than half of the manganese, cobalt and
chromium supplies, and more than two-thirds of the
molybdenum, columbium and nickel supplies.

CONSUMPTION

Market demand

Since the greater part of the output of the major non-
ferrons metals goes into durable goods, the demand for
these metals is largely a function of the activities of the
industries producing such goods, in particular the elec-
trical industry, the transpart industry (especially the
automobile and aircraft sections) and the building in-
dustry. Furthermore, since a large proportion of these
goods is used in the process of investment, the demand
for the non-ferrons metals tends to vary with the rate of
new investment.

Demand for the additive 1 ferroalloy) metals is derived
in the main directly from the demand for special types

of steel. Thus these mictals are also closely linked 1o the
various durable goods indnstries, and. in particular, as
in the case of the majar non-ferrons etals, to the indns-
tries which produce capital goods. Moreover, as noted
above, their market is concentrated verv largely in a
small number of steel prodineing conntries,

The importance of this dependence of the demand for
nau-ferrous metals upon the investment gaods industries
lies in the fact that these industries have tended to be
among the least stable in the advanced economies. In.
vestient has tended to fluctuate far more violently than
total eonsumption, falling to very low levels in times of
depression and rising in times of boom to a much greater
extent than total production, thus introducing a high
degree of instability into the market for non-ferrous
metals.

The principal exceptions to this generalization arise
from the use of non-ferrous metals in consumer goods—
particularly tin in tin plate, the demand for which is
largely dependent upon activity in the food canning indus-
try, and aluminium (and to a smaller extent copper and
other metals) in the production of utensils, the demand
for which also tends to vary with consumer tastes and
purchasing power. Automobiles draw on most of the
metals: copper for radiators, lead for batteries, zinc for
die cast components, chromium for plating and several
of the additive metals for special steels. Cansumer appli-
ances, such as vacuum cleaners and washing machines,
radio and television sets, and other electrical and elec-
tronic apparatus, absorb a significant amount of copper,
aliminium and other non-ferrous metals, particularly in
the United States (table 2). In terms of world consump-
tion this type of use—in consumer durables—may well
tend tu increase more rapidly than use of such metals in

Table 2. Major Uses of Non-Ferrous Metals in the United States,s 1930
{Percentage of total consumption of each metal)
Nubsidiary uses
Metal Major use ! o 1

Aluminium Transport and machinery R Consumer duraliles 24 Buwilding and construetion ) . ”ﬁ
Antimony Baneries . o8 Bearing and 1vpe meral- 12 Chemicals, punts and rnamels
Beryllium Copper alloys 90
Cadmium Eleciroplating . 65 Bearing metal and solders Pigmenis and chemivals
Copper Fleairical equipment n Transpon 1t Building . 12
lrmr, Haneries K} Calies 1 Vonstruchion 11
Tin . Tia plate 5 Solder and other alloys a
line . . . Galvanizing 13 Nie casling 20 Pigments und sabts I8
Chromium Stainless steel ... 50 Refraviories a5 Chemicals and eleciroplsting )
Cobalt High 1emperature.resinting steel 42 Non-ferrous wllova 13 1 hemcals . 25
Columbhinm Purable, higl temperature steel 9%
Manganese Steel flun wed tovghenmg alloy 80 Dy cells Chemicals
Malyldenan Hard took steed 000 o0 Chemucala Ceramivs
Nickeld Cotrosion re<i=ling steel 14 Nonderrous alloys 34 Hearoplanng
Tungatea Tough tood steel 63 Flecine tilaient. elecirodes Carbades
Vanadinm thad «eel R 9w Chemirals Pyestuff

Source: President’s Materials Policy Coramission, Resources for
Freedom, volame 11,
£
* The pereentages give approximately the proportion of the toral
waality of eaclometal nsed fur the <aated purpose in the T naed
Stares i 1950, This distribntion of consimption shonld be regarded

1= wdicative cather than definitive; for all metals, 1he “new "
sidastral merals in particular. use s subject 0 contimnous and
zerwlimes rapul cliaage, for technologiesl, price and other reasons,
Thingh differing a a nnmber of details such as a grealer use of
lead i biiding and constraetion  1he pattern of non-ferrous metal
ase 1~ uuch the same a< This in western l'.'urupc.
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the produetion of capital pouds. T the past. however.
the demand for consmmer dorabiles and the demand for
capital goods have tended o move tozether, veinforeing
each other and thus increasing the amplitnde of the flue-
mations in the demand for non-ferrons metals,

Over and above these ordinary civilian nses of non.
ferrons metals, there is the demand generated by arma-
ment production and war. At one stage, for example,
nickel was nsed almost exclusively for the production of
special steels for military nse, and the high manganese
steels are still used very extensively in armaments. Lead
is the traditional material from which bullets are made,
hut several other non-ferrous metals are major compo-
nents of the more modern, complex military equipment.
As a result, war or threat of war is likely to cause a
considerable increase in total demand and a marked
distortion in the pattern of consumption. Though in some
cases such changes have had permanent effects on tech
nique and demand, they have usually been sudden, large
and comparatively short-lived, thus adding significantly
to the general instability of the non-ferrous metals market.

Great as the fluctuations have been in the physical
quantity of the non-ferrous metals consumed, they tell
only part of the story. Suppliers are concerned as much
with the price of the metal as with the volume sold, and
in general these two variables have tended to move in
the same direction. Other things remaining the same,
elasticity of supply being fairly low, a decline in demand
results in a more than proportionate decline in price, and
a rise in demand results in a more than proportionate
rise in price; hence, fluctuations in receipts from mineral
sales have in general been much greater than fluetnations
in either consumption or price. This is ohviously of
special importance to those under-developed countries
in which the export of minerals provides a significant
proportion of aggregate foreign exchange earnings.

From the short-term point of view of the metal pro-
ducer, the use to which his product is put-—dissipative
ot conservative, for stockpiling or for making up into
consumer goods or capital goods or armaments—is not
of immediate significance; the actnal! sale of the metal
is his prime concern. From the point of view of future
d:mand, however, the destination of current sales is
obviously important. For example, when the metal is
usedd in wavs in which it is conserved, some proportion
of it is likely to return to the market in dune course as
serap. Stocks, which are acenmulated at various stages
in the flow of material from the mine to the ultimate
comsumer, and in the aggregate account for a consider-
able volume of wmetal, tend to exercise an even more
direet influence on the market,

Fxeept in the case of some of the “newer” indnstrial
metals whowe supply i still somewhat uncertain, the
winlar growth of commercial stocks has been slower
than that of consnmption, and, in general, there appears
to have been a relative decline in the volume of metal
m the hands of merchants and mavnfactarers. Never-
theless, the demand for metal {or stock has usually tended
th exert a destabilizing influence on the market, often

expanding <horth after mamnfactning production hesins
1o inerease and prices by harden, and contracting <hortly
after mamnfacturing prodoction begins 1o dechine and
prives o case, thus reinforeines the effects of eveheal
hictuations in factory demand for the metals and nser
demand for their products,

In thiz respeet, =tocks held inside the industrial mechan-
ism are gquite ditevent from stocks acenmnlated by pro-
ducers of the metals for ihe piepose of stabilizing the
market. The fatter are designed to be i down when
market demand exceeds eurrent rates of mine ontput and
to be added to when demand falls below mine outpat.
An example of this type of stock is the boffer pool
operated by the tin industry in the nincteen thirtics, an
arrangement whieh is deseribed briefly in chapter 3 of
the present study.

Another type of inventory acemmnlation is the so-called
“strategic stockpile”. The building wp of such stockpiles
angmented German and Japancse purchases on werld
markets in the sccond half of the nineteen thirties and
has played an important part in inflating total demand
for all the non-ferrous metals in the post-war period.
Although the intention with regard to contemporary
stockpiles has been to aceumulate them without disrnpt-
ing the ordinary market, secirity criteria are always
likely to prevail over eansiderations of stability, and the
desire to attain specified objectives within a relutively
short period has frequently nade stockpile purehases a
significant addition to normal demand. The increase in
United States stockpiling during the period following the
outbreak of hostilities in Korea, for example, nndonlt-
edly contributed to the rapid upsarge of mineral and
other raw material prices in the sccond half of 1950,
Since then, however, the halting of stockpile buying and
the release of supplies (of copper, for example) have
helped on scveral oecasions to ease temporary stringeney,
while an acceleration of the rate of stockpiling (of lead
and zinc, for example) has been nsed to offset declines
in ordinary commercial demand.

The long-run effects of government stockpiles may be
very small, perhaps no more than the permanent with-
drawal of speeific quantities of the materials from the
market, althongh some non-ferrons metal producers ap-
pear to feel that the mere existenee of a supply which
may ultimately be placed on the market in competition
with new production is a deterrent to further mining
investment.  Such & deterrent wonld be magnifie:d if the
sceurity considerations which have caused the building
up of national stockpiles also induced private dealers
and fabrieators to earry more than wormal stocks, simi-
larly suseeptible of rednetion without regard to the effeets
on primary producers,

As indieated above, the levels of consumption of
the various non-ferrons metals, whether in their pure
form or in the form of alloys made np of combinations
of the metals—brasses, bronzes, solders and  bearing
mdials which consist of copper, zine, tin, lead, antimony
and beryllium in prescribed proportions- are mutnally
influenced by the demand for machinery, vehicles, buikd.
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ings, armaments and durable goods in general. Changes
in the demand for darable goods, in other words, are
thas reflected in corresponding changes in the demand
for the whole range of nouerrous metals; there is a
tendeney. at least in the short rm, for rates of consnmp-
tion - teelinological innevations apart—to move together,
This is reinforeed to a certain extent by the fact that
in many uses one metal can be substituted for another.
As the possibility of substitntion has an important bear-
ing on futnre demand for the varions metals it is discussed
in the next section,

Substitution and technological change

The demand for the various non-ferrous metals is in-
fluenced not only by their common dependence upon the
demand for durable goods but also by the faet that essen-
tial propertics are not invariably associated uniquely
with any one metal but in a number of cases are shared
by several. In consequence of this, there is a consider-
able amount of substitution between the metals, some of
no more than transitory significanee, reflecting temporary
changes in price relationships or availability, some of
it of more permancnt signifieance, reflecting long-run
changes in demand or teehnology. These changes in
techinology may be the frnit of seientific progress as such,
but to a certain extent they may themselves be indueed
by changes in relative priees or scareities, which guide
and stimulate research into particnlar problems of sub-
stitution or utilization. The increased use of aluminium
in recent years, for example, refleets not only expansion
in the demand for produets in which the metal has special
advantages but also advances in the techniques of work-
ing this mctal which have permitted its use in place of
other materials, and both of these developments have
been encouraged by more favourable price ratios, in rela-
tion to copper, magnesium and steel in particular.

As illustrations of temporary changes may be cited
many of the snbstitutions brought about by the relative
scarcities manifested during the war and the recent ve-
armament phase. Molybdennm and vanadium tended to
replace tungsten as a hardening agent for steel when
supplics of tungsten proved insuficient, Chinese output
having ceased to flow to Furopean and American markets.
Chrominm was used to supplement nickel, supplies of
wliich were not capable of an increase snffieiently rapid
to serve the suddenly enlarged demand for high-tempera-
ture stecls. Titanium was used to supplement antimony
for pigment purposes before the decline in Chinese sup-
plies of the latier was offset by increases elsewhere. When
cadmiunt-based pigiments were in short supply, owing to
the inadequacy of refining capacity, there was a tendency
to replace them by zine-hased pigments, and at the same
time, zine plating came to be regarded as a reasonable
substitute Tor the cadminm plating generally used for
protection ol small or intricately shaped objects.

Strain on the copper snpply was cased somewhat by
the substitntion of aluminium, production of which was
capable of more rapid increase. Iu this case, the short-
term expedient operated in the same direction as the

long-term trend, for aluminium—not more than a lab-
oratory curiosity at the beginning of the electrical era
-~has rapidly been replacing copper and lead, as well
as steel and tunber, in many traditional uses of these
materials.” Its ability to resist corrosion and to eonduet
cleetricity is of the same order as that of copper, while
its lightness gives it a great advantage over most metals.
By 1932, in the United States over 2 million miles of
ACSR cable (alnminium conductor, steel reinforeed) had
been laid for highwvoltage, long-distanee distribution of
electrie eurrent—a field at one time served exclusively
by eopper. Lighter electric wires are also being made
increasingly from aluminium, and sinee the war there
has been a considerable expansion in the use of alumin-
ium for sheathing eleetrie cables—a funetion that was
performed by lead until the ecnd of the nineteen thirties,
when substitution began on an experimental scale in
Germany. In building and construction, the field in which
the post-war increase in the use of the metal has been
most rapid, alumininm has been replacing not only copper
and brass but also several other eonventional materials;
it is now being used for roofing and siding, eonduits and
ducts, door and window frames and many items of inte-
rior hardwarc. It has also replaced lead and tin as a
foil material and is a serious competitor in the field of
paints aud pigments,

Lead is giving way not only to aluminium but also to
copper, especially in its traditional field of plumbing.
In cable making, lead is being gradually replaced not
only by aluminium but by plastic materials such as
polyethylene. For making pigments, lead, like antimony,
is being displaced by the plentiful and less toxic eom-
pounds of titanium. Metallie titanium in the meanwhile
bids fair to repeat the aluminium stcry. Since its first
production on a commercial scale in the early post-war
years, there have been indications that this metal s be-
coming a serious competitor in those fields in which high
tensilc strength (equal to that of steel), light weight (two-
thirds that of steel) and high resistance to temperature
and eorrosion arc important. When, through improved
technology, its price is lowered, its machinability im-
proved and its alloying propensities better explored, it
is expected to replace some of the stainless steels, copper-
based and niekel-based alloys and aluminium now being
used under eonditions of hign temperature or exposure to
corrosion.

Some of the competitive advantages enjoyed by alu-
minium are likely to bc duplieatcd by magnesium, an
even lighter metal (one-fourth the deusity of steel) which
can be derived from a plentiful raw material, sea-water,
by the application of 9 to 10 kilowatt-hours of electricity
per pound of metal—power consumption of much the

* An interesting reversal of the historical trend was the emer-
gency use of plywood and fibre for the construction of certain types
of bght aircraft during the war. This is another illustrarion of
the competitive relationshbip between materials, Much more de-
tadhest treabment of one aspeet of this general phenomenon is pro.
vided n a recent report of 1be United Nations Economic Commis-
sion for Europe, Competition between Steel and Aluminium
U ECE/18D,
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same order as that required for the refining of alumininm,
Zine has already been replaced ta a considerable extent
hy aluminium in the field of die-casting, and it is prab-
ahle that both metals will he replaced to an inereasing
extent by magnesium, nat only in this field but also for
dry cells and engraving plates. As unclad magnesium
tends to earrode easily under stress or in contaet with
iran. eapper, aluminium or sea air,* its current use far
strnctural purposes is largely limited to low stress paits
sueh as flooring, although thicker cross-seetion shapes
are now eoming on to the market, and considerable re-
search is being undertaken into production of alloys with
zirconium and ccrium, as well as commoner metals.

The metal silicon comes from a raw material ¢ven more
plentiful than the materials from which aluminium and
magnesium come. It is lighter than aluminiun, has a
melting point only just below that of iron and is highly
resistant to corrosion. In 1955, its price, at between 18
and 19 cents per pound (97 per cent Si), compared
favourably with those of the other non-ferrons metals.
Since in its pure state it is extremely brittle, the principal
commercial uses for which it is currently emploved are
in the production of ferrosilicon and in the coating
(against oxidation and corrosion) of steel and molyb-
denum, though synthetic organie eompounds of silicon
are finding an increasing number of uses hecause of their
special property of remaining stable over a considerable
range of tempcrature.

The four metals silicon, aluminium, magnesium and
titanivin are by far the most abundant in the earth’s
crust,* but up to the present only aluminium has entered
into general industrial use. This is largely a reflection
uf the state of technology. Advanees in recovery tech-
niques, in particular, have been responsible for a steady
decline in the cost of aluminium over the past 60 years,
gradually improving its competitive position in relation
to other non-ferrous metals. The same process appears
to be under way in the case of titanimn while magnesium
and 97 per cent silicon have been within the customary
non-ferrous price range for somne tine. As the price of
the pure metal reaches competitive levels, so research
into the technology of utilization, alone or in alloy form,
tends to be stimulated, rapidly widening the field of

4 Magnesium’s reaction with sea.water, however, is opening up
an increasing use of the metal as “galvanic anodes” for protecting
the steel of ships’ hulls, for example, against electrolytic corrosion.

4 According to caleulations made by F. W. Clarke of the United
States Geological Survey, tin and molyhdenum are the rarest of
the common non-ferrons metals, eacli accounting for only 0.001
per cent of the canth’s crust. If tin (or molybdenum) is taken as
unity, the relative abundance (though not necessarily tle availa-
bility) of the other non-ferrous metals is indieated in the follow-
ing list: cobalt (10), lead (20), columbium and tantalma (30),
zinc (40), tungsten (50), copper (100}, vanadium (170), nickel
(200), chromium (370), manganese (1.000), titaninm 16,300,
magnesium  (20,900), alaminium (81,300) and silicon (277.200),
In assessing the significance of these figures it mast he horne in
mind that the composition of the most accessible purts of the
earth’s crust is not necessarily the same, and that in the fore.
seeable futurce it is only mineral deposits of relatively Ligh metallic
content which arc likely to be cconomically workable, aad these
are comparatively rare,

emploviient and enconraging inits turn further ady anees
in the teelmigue of vecovery,

In general, chanzes in use {ollow e the wake of
technological advanees: Tt is onlv recentv, for example,
that it hax heeome commercially practicable 1o press the
melal casing of ordnance <hells om ol =heet steel or
alumininn ecald be vsed for the caps of eleetrie Timps,
hoth changes tending to displace the brass enstomarily
used,

In thase ficlds i which techoobgical developments
have made the varions non-ferrons metals mntially com.
petitive, relative prices tend 1o lecome a wmajor determi
nant of use. One of the reaswns for the displacement of
lead in recent years, for example, has been the loss of
part of the price advamage it previonsly enjoved: during
the first twee decades of the present century the price of
lead, on an average, was abont one-third that of eqpper:
during the nincteen thivties it was abor1 one-half; and
in the post-war period, 1910 to 1951, about two-thirds
{chart 1). Similarly, the nse of aluminiom has heen
stimulatea by a rapid relative decline in its price: in
1932 its average price was more than feur times that
of copper: during the secand half of the nineteen thirties
it averaged only abont twice as much: doring the war
it declined to little more than ane-fourth above the copper
price, while in the peviod from 1917 to 1951 it was nd
much more than three-frurths of i1,

There is thns a very close and wnally determining
relationship between technological provress, demand and
price. In the short run, technalogy—-in miving and re-

firing na less than in allaying and fabricating  prabahly
exerts a dominant influence on suhstitntion hetween

metals. In the leng run, however, even thongh the demand
for nan-ferrous metals as a whole is fairly inclastie, the
fact that suhstitution of one metal for another is tech-
nically possible tends to thraw the emphasis on relative
price as a determinant of demand for a particular metal.

In the present cantext, one significant aspeet of devel-
opments snch as these lies in the fact that they are likely
to take place in the industrial comtries, especially in
the United States, which possesses sulestantial vesonrees
of the ores of all four of the *new” metals. Whether or
nat a relative increase in the use of these “new”™ metals
will react unfavourably on the non-ferrous wetals industry
in under-developed arcas depends npon the futnre conrse
of demand and the extent 1o which they are alloved with
metals produced wn thase arcas, Certainly we great in-
ternational trade can be expreted in the raw materials
for magnesinm and silicon production. which are so
generally availuble.  Alsa. improvements i alnminium
technology which made it ecconomic to nse low-grade clays
as a sonree of the metal would donbtless tend 1o veduee
the trade in lansite, thoneh thev would not neees<arily
climinate the advamage in the production of sthoninium
enjoved by those conntries that posse-< extensive hizh-
grade hanxite deposits Dntil voobmigues for working
with low-grade ores are evolved, iternational teade i
thenite and rutie. the bigh-grade ore< of titaninm, will
midoubtedly incveases Thowever, the Taited States, which
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Chart 1. Price Relation-hips among Major Non-Ferrous Metals, 1902 to 1954

CAverage amual price of copper* = 2 0

100 T I ! ! 1
600 |- _I-‘
'o
ATV
I\ WV
400 |- !-‘ ‘ \J .|
gy
oAl e
R Y I
"1\ ! !‘\: Vi \
J N 1
soo-—\w g :' \
may o\ \
LT R \
v \ :
VY \
"9

- ' A
e |
70l l ‘:....% .lﬁ- Altminim"/
- R L LA
50 |- g.::: !j'ﬁ l:, AN -:i_ ? L 9/
LYl V4 \j -

o N4 ; :

NPALT o

/ :

7

20}

Indices of Copper Prices,

1|902 tT 1954{ (1932 = 100)
| |

19021905 1910 1915 1920 1925 1930 1935 1940 1945

L | ! | | l | | |

1002 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955

Source: American Bureau of Metal Statistics, Yearbook, 1954.

|
1950 1954

\ ® L902 to 1919: standard, New York; 1920 to 1954: Straits, Ne
OrK,
* Electrolytic, New Yok, ¢ New York. 4 St. Louis.




TRADE

aits, New

CONSUMPTION

13

is well endowed at least with the former, might import
relatively less than it currently obtains from Australia,
Canada and India.

Other substitutions are practised besides those which
involve two non-ferrous metals. One such substitution
has been made possible by recent developments in the
ficld of powder metallurgy that are beginning to open up
techniques by which substantial savings of primary metal
can be made throngh use of iron powder in place of more
costly non-ferrous metals as well as through reduction
aof the inevitable waste which accompanies the processes
of easting, cutting, milling and machining parts made of
the non-ferrous metals themselves. In the produetion of
heat-resistant materials, whose use is rapidly increasing,
powder metallurgy offers the further advantage of facili-
tating the incorporation into the alloy of borides, carbides
and silieides.

In a similar way, technical advances in the production
of plastic materials have already given them certain ad:
vantages over non-ferrous metals, and this trend may
well continue. The manufacture of plastics from repro-
ducible sources of cellulose at costs which compare favour-
ably with the cost of smelting metals from exhaustible
reserves of ore would place the industrial countries, with
their well developed chemical industries, at an advan-
tage over many of the less developed countries which are
now important produccrs of non-fcrrous metals. In the
long run, however, a number of the latter, by virtue of
their tropical location, might become significant sup-
pliers of the basic materials required by the plastics in-
dustry. Up to the present, however, those synthetic
products which, as mouldings or laminated sheets, have
competed most successfully with metals, have been the
phenolics and the polyester and polystyrene resins, which
are derived from a mineral, coal (tar) or petroleum,
base. The plastics industry is a comparatively new one:
commercial use began only after the First World War,
and widespread use for industrial and household pur-
poses is a recent development. United States production
amounted to a merc 3,000 tons in 1922, but by 1950 it
had exceeded the million-ton mark, and much of the
output was used for purposes previously served by mctals.
Beyond noting the compctitive relationship between cer-
tain of the non-ferrous metals and certain of the plastic
materials, no attempt will he made to predict the extent
to which plastics may displace metals in the future.

Even less predictable is the effect of techniques that
replace the direct use of materials by various forms of
energy. Cutting by means of an oxy-acetylene flame is
a well-established procedure, but drilling and carrying
out other operations by means of eleetrical discharge or
ultra-sonie energy are techniques whose potentialities are
at present virtually unexplored. In general, it would
appear that the spread of these devices is likely to in-
erease the demand for clectricity and hence for the metals
assnciated with its generation, distribution and conver-
sion to usable forms, while at the same time reducing
the demand for special tool stecls and the ferroalloys
that go into them.

Technological developmeuts of the tvpe discussed in
this seetion are generally the result of periods of very
active demand, during which in the face of metal scarei-
ties tand hizli pricest more or ess svstematie attempts
are made, especially in the principal consnming coun-
trics, to inerease available supplies or 1o economize in
vge, or both, The first purpese is acliieved by improve-
ments in the methods of discovery Cof unexposed deposits,
for example) aud of recovery tfrom low concentrations,
for example, whether of ow-grade ore or of scrap or
sccondary sources). The secoud purpose is acliieved by
methods which cither use less of the given metal for
performing a given fhimetion {ax in the case of electro
Ivtie tinplating” or the development of wmore durable,
more eflicient or ighter machineryt or substitmte a wmore
abundant or cheaper material for that which is scaree
or costly.

Fluctuations in consumption

Although the first half of the twentieth century saw
a considerable expansion in the rate of consumption of
all non-ferrous metals, it also saw an appreciable decline
in the ratio of the volume of non-ferrous metals con-
sumption to the gross value of industrial prodnetion.
Part of this declinc was due to a shift in the relative
importance of industries away from the large users of
non-ferrous metals, part reflccts the tendency far heavy
metals to be replaced by lighter ones, but most of it
probably has rcsulted from technical advances which
brought about economies within the metal-using indus-
tries, and from the increase in the amonnt of processing
undergone by each ton of metal because of the growing
elaboration of the final product.

Techuical developinents which resnlt cither in ¢cono-
mies or, eonversely, in new melal nses exert a long-term
influence on the pattern of consmmption.  Snbstitutions
between mietals, on the other hand. tend to inerease the
short-term elasticity of demand, making for year-to-year
fluctuations in the pattern of consumption.  Snperim-
posed upon these tendencies has been the evelical pattern
of economic activity which has characterized private
enterprise cconomies, affecting most markedly the level
of new investment and the production of capital goods
and hence the demand for metals. Also, the pattern of
metal consumption during the past 50 years has been
strongly influenced by war or threat of war.

The consnmption of all non-ferrons wetals reached
unprecedentedly high levels during the First World War,
only to fall to corresponding depths in 1921 The ir-
regular upward movement which followed reached its
peak— well above wartime levels in the boom vear of
1929, hut in the great depression of P51 16 1955 con
sunption dropped to levels comparable with these of
the first decade of the century s in 19520 world con-mup-

S Progressive mprovement in the proees of dinplating bas e
daced The weiphy of tin required to piate u basie box tof 112
cheet= 20 inches by T inchesy Jrom showt 1 poumds 200 year-
wgo. and nine pounds 100 veurs ago, te o twa and one bl poaned -
in 1900, one pouned in 1938 wnd not wch snore thaa one qaaner
of & pound with the Jaesr electrolytic methad,
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tion of the major von-ferrons metals was little more than
half the high ficnre of three vears carbier. The rise whieh
Followed was bronght to a halt by an inventory recessjon
originating ia the United States in 1938, the 1937 peak
having barely reached the 1929 Tevel of consumption.
Furopean reavmament sapervened. however, and  con-
suniption of all base metals ~vared to new heights during
the Second World War, World consumption of copper,
tin and zine, for example, reached levels more than one-
third higher than the previons peaks of 1929 and 1937,

The immediate nost-war deeline, which carried world
consnmption of some of the major non-ferrous metals
(lead, tin and zinc, for example) well below 1938 levels,
was mwderated first by demand generated by reconstruc-
tion programmes and by the demand pent-up during the
period of war-time scarcity, and then by the stockpiling
of essential materials (including most of the non-ferrous
metais) by various governments. This, however, was not
sufficient to restore world consimption of lead, tin or
zinc to peak pre-war rates or to prevent a slight decline
in over-all metal consumption in 1919 when the backlog
of demand for durable goods in the United States had
been more or less exhausted and commercial inventories
were tending to accnmulate,

I’roduction of durables began risiug again in 1950,
with total base ctal consumption beginning to show the
effects of the recovery of economic activity in western
Germany and Japan: bnt a minch greater influence on
the demand for non-ferrous metals was exerted by the
onthreak of hostilities in Korea and the launching, later
in the year, of varions national rearmament programimes.
In the United States. now absorbing abont one-half of
the world’s new supplics (exelnding those of the Soviet
Union and mainland China) of most of the non-ferrons
metals, a major featnre of the programme was the planned
increase in botlr stockpile tarzets and productive capacity.
This entailed a substantial increase in the immediate
demand for nrost of the metals. not only for armaments
and new facilities but also for filling industrial “pipe-
lines™ in preparation for greater rates of production, as
well as to nreet hoarding and speculative requirements
arising from the threat of shortaze, The resnlt was a
considerable strain on available snpplie< and a notable
rise in prices of wost metals, During 1931 varions means
were l‘I!iIiIH_\"lI to control prices, to allocate existing -
plies oa both watioab and international levels and o
enconraze an inerease in the ontpmt of strategic mate-
rials. non-fervaus wetals amons then, By the end of the
vear, prices had receded Trom their earlier peaks, and
supplies of wost of the metals were somewhat more plenti-
ful. even thongh saveral of them were still subject 1o
raticning inmany cannities. Controls on consnmption
were prozeessively relaved diniag 19320 very few beving
aperitive at the end of the vear, Iy which time prices
of tie wmetals eseept alwininm. eopper. moly bdenum
and rackel D declined markedlv from 1931 peaks,
With these exeeptions. all the non-ferrons metals  re-
maiced in fairly easy supply throaghont 1033 and 19514
as iovestmeats made i 1950 and 193 Beean 1o vield

additional  applies. During 1951 moreover. United
States demand slackened markedh. and on several occa-
sions the strategic stockpile was used 1o take surpluses
(of lead and zine, for examplo) off the market.

As a result of these broad movements of demand there
were periods oF several years n sneeession, especially
during the carly nineteen twenties and the early nineteen
thirtics, when. despite the low prices which prevailed, the
mines were capable of supplying far inore than was being
consumed, and the problem was scen as one of restricting
production. To meet the <ituation various producer
groups, national and international, were forined, to divide
the market and set annual production quotas, and in
general, to attempt to maintain prices.® At other times.
especially during the wars but also during the 1929 boom
and the 1950 rearmament phase, current output was in-
adequate, and the problem became one of restraining
demand and creating governmental machinery for ration-
ing available supplies among competing users. For pro-
ducers, the situation thus fluctuated between large outpnt
at a velatively high price and small output at a much
lower price, a variation with very awkward consequences
for those under-developed countries which depended to
any great extent for their foreign exchange earnings upon
the export of non-ferrous metals.

Within this gencral framework, consumption trends
have differed appreciably from one non-ferrous metal to
another tcharts 2 to 6). On the one hand, the use of
certain metals has shown a marked tendency to increase,
aluminium among the major metals, cobalt and molyb-
denum among the alloy metals being the most notable
examples, with copper and, to a smaller degree, zinc also
showing a distinct npward trend if successive peaks—
1912, 1918. 1929, 1937, 1913 and 195}—are considered.
On the other hand, the consumption of tin and lead
among the major metals and manganese among the addi-
tive metals has shown much less disposition to increase.
Both lead and tin consumption rose steadily to the First
World War peak. and then more rapidly from a post-
war low 1o the 1929 peak: in the case of tin, this level
wits ot regained in subsequent vears, while in the case
of lead the 1929 level was exceeded by 2 per cent in
1937 and by about 7 per cent in 1954,

Among the industrial countries the five chief consumers

United  States, United Kingdom, western Germany,
France and Japan--account for more than two-thirds of
the 1otal carrent consimption toutside the Soviet Union)
of cach of the non-ferrous metals. In the United States,
the partienlarly rapid growth of consumption reflects the
great expansion of metal-using industries in the first half
of the twenticth century. Despite precipitate declines in
the year< 1921 and 1932, and appreciable declines in
F9FFand 1938, the scenlar trend in consumption has been
decidedly upwards for each of the metals at present
under review, the rise being wost marked in the case of
aluminimn tand bausite), among the major metals. and
chrominm, cobalt and molybdenum among the additive

“ The activities of some of these groups are discussed in chapter
3 of the presean study,
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Chart 2. Apparent Consumption® of Copper in Selected Countrics,
1925 to 1938 and 1946 to 1954
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Chart 3. Apparent Consnmption® of Tin in Sclected Countries, 1927 to 1954
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Source: United States National Security Resources Board, * See footnote a, chart 2.

Materials Survey: Tin (Washington, D. C., June 1953); Ameri-
can Bureau of Metal Statistics, Yearbook, 1954; International Tin )
Study Group, Statistical Bulletin (The Hague, June 1955), ©1927 10 1935: including Austria.

' Fxcluding the Union of Soviet Socialist Republics.

Chart 4. Apparent Consumption® of Lead in Selected Countries, 1925 to 1938
: and 1946 to 1954
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Sowrece: United States National Security Resources Board, Y Fxeluding the Union of Soviet Soctalist Republics,
Vaterials Survev: Lead, 1930 ¢ Wadhington, D.C. May 1931, 1946 1o 1947; based on production in United Kingdom zone;
American Boreen of Metal Statisties, Yearbook, 1054 beginning 1949: production in Federal Republic, plus imports
# N footnate o, chart 2 nminns exports.,
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Chart 5. Apparent Consumption of Zine* in Selected Countries, 1925 to 1938
and 1916 to 1954
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Source: United States National Security Resources Board,
Materials Survey: Zine (Washington, D. (., March 1951); Ameri-
can Bureau of Metal Statistics, Yearbook, 1954,

_* Primary spelter and slab; for definition of “apparent consump-
tion™ see footnote a, clart 2.
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Chart 6.

Apparent Consumption® of Alnminium in Selected Countries, 1925 to 1954
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metals (see charts 7 and ). The effect of the depression
of the early nineteen thirties was more than offset by the
impelus given to consumption by the Second Warld War.
A= a result, the United States cmerged by far the largest
cansumer; average apbual cansumption (in terms of the
combined tonmage of the major metals) in the five years
immcdiately after the war was about double the average
of the five years preceding the war, the greatest increases
having taken place in aluminium and copper consumption.

In the United Kingdom, post-war consumption, except
in the case of lead, was well np to pre-war level, account-
ing for between a sixth and a fourth of the world supplics
of the major metals and a rather higher proportion of
most of the minor metals. French post-war consumption,
again with the exception of lead, has also been well up
to pre-war rates, accounting for 4 to 7 per cent of the
warld total. Before the war, Germany consumed between
a twelfth and a sixth of most of the non-ferrons metal
supplies—rather less in the case of tin, rather more in
the case of aluminium. From very low rates in the imme-

of manv of the non-ferrons wetals. has inereased v both
absolute and relative mportance as a nser. e western
Furope as a whole. as in the United States, it is the
consunption of aluminium that has shown the greatest
inevease in the post-war period (table 300 By 1950, for
example. alnminium consumption i the former was -
wing at donble the pre-war rate. while. at leastuntil 1951,
consumption of lead. nickel and tin was appreciabhy less
than before the war.

The complex of cconomi and technical forees which
determine the demand for a particular wetal al any
moment of time is far 1oo involved to justify any fore-
cast of future demand in a shudy of this nature. This
wonld be trne even for a single cauntry for which accu-
ratc and comprehensive statisties were availahle; for
world demand predictions could hardly he more than
guesses,

The demand for tin, far example, which wanld appear
from recent trends to be unlikely to expand greatly, might
increase considerably as a result of experimenis paw be-

diate post-war years, consumption both in western Ger-  ing conducted at the Tin Research Institute on the nse
p . op © . 3
many and in Japan rose rapidly after 1918, but—except  of netal in new bearing alloys, in new tableware alloys,
in the case of aluminium—it had not regained pre-war  in organic com ounds as plastic stabilizers and Liocides
had gained p 8 P ;
3 levels by 1954. Among other significant consumers which  and for other metallurgical and chemical purposes. At
- have maintained or increased their pre-war rates of con-  the other end of the scale, the demand fur alnminium,
7 ) : p e :
7 sumption, at least in absolute terms, are ltaly, Belgium  which has been rising rapidly in recent years, might be
/ and Sweden, while Canada, apart from being a producer  seriously threatened if some of the difficulties in the re-
/
v
7
s . . .
fé Table 3. Indices of Consumption of Major Non-Ferrous Metals in Western Furope® and the United States,
’ 1935-38 and 1948 to 1954
i
/ (1935-38=100)
',”’ (
’
:ﬁ Average 1915-18 Inidices
; Metal consumplion —_—
é (thousnnds of melric tons) 1938 1949 1950 ~ 1951 B f'i’a" o f.".ﬁ.? 1959 .
/ 4luminium:
/ :
7 Wostern Europe.. ... 190 198 101 212 273 201 206 305Y
7 United States. ... o 113 550 510 721 81 856 1243 1,370
/
/ Copper:
/ Pr
7 Western Europe. .. ... .. .. 827 97 95 109 13 1o 100 R
/ United States ... .. .. . ... 633 192 148 197 100 207 207 1738
Z
/ Lead:
//I Western Europe.. . .. 752 60 59 68 ] 62 ) 17
; United States . .. 416 163 126 193 148 171 t7 170
/ .
A Nickel: —
g Western Kurope. .. ... .. .. . 39 ! 73 85 9% 96 1D 1ty
f United States. . ... . ... 34 277 201 291 254 209 A 279
A
A Tin:
g Western Furope 56 81 73 89 89 u7 82 42
; United States. .. ... ... ... . 63 95 75 113 U1 T2 KO 87
; Zine:
7 Western Furope. ... 651 B4 a8 106 10} 91 100 Fh
P
Uniteell Sttes ... .. 472 157 137 186 179 104 189 HEY
954
western Germany, Greece, Teetand. treland, Tudy, Luxembonrg,

Source: Orzani-ation for European Frogomic Co-operation, The
Non-Ferrous Metal Industry in Europe (Paris, 1934). page 57 Inter.
national Tin Svudy Group, Statistiecal Yearhook, 1654, American
Bureau of Metal Siatistics, Yearbook: 1'nited States Burean of
Mines, Materials Survev: Nickel (Washington, D. €, 1952).

» Based or. apparent consumption of 1he primary metal (produc-

tion plus imports less exports) i¢ Austria, Belgium, Denmark, Frauce,

Netherlands  Norwav, Portagal, Sweden,  Switzerland,  Triese,

Turkey and United Kingdom,

the -t half of the vear: con-

Y Baserd on con-mmption during
apprecisbly

sumplion in 1he cevond hall appears 1o have been at an
higher level.
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Chart 7. Indices of Apparent Consumption® of Major Noun-Ferrous Metals,
United States, 1908 to 1930
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fining and usc of titanium were soon resolved. Over the
past two decades, the demand for lead has shown little
tendency to grow, but an extension of atomic energy to
industrial use might change the prospects. If attempts
to conserve and re-use manganese in steel smelters were
finally successful, the demand for newly mined manga-
nese, which on the whole has not expanded greatly since

2 1

19508

Source: President’s Materials Policy Commission, Resources for
Freedom, volume II: “The Outlook for Key Commodities™.

* Contained metal in primary production, plus imports minus
exports, at constant dollars and 1935-39 average unit values,

* Animony, bauxite, cadmium, copper, lead, magnesium, mer-
cury, tin, titanium and zinc.

the First World War, would probably show a marked
decline,

Even the immediate and direct effects of technical de-
velopments of this nature are difficult to foresee with any
deuree of precision. Indirect effects of technical changes
and the effects of changes in price relationships, wlether
duc to changes in the pattern of use of one of the non-
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Chart 8. Indices of Apparent Consnmption® of the Additive Metals,
United States, 1908 to 1950
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ferrous metals or to ehanges in the source or method of
production of that metal or substitutes for it, are much
more difficult to predict. Indeed, the only basis on which
even short-term prediction can be undertaken involves
the assumption that these things will not change during
the period under examination. The only justification for
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Source: Sce chant 7.
* See foolnote a, chart 7.

such an assumption, apart from statistical expediency,
lies in the fact that there is always a certain inertia in
the industrial system, a resistance to change born partly
of psychological factors and partly of the difficulties of
adapting established production processes to the use of
new materials or new combinations of materials, which
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tends to slow down the rate at which new technical and
cconomic developments are incorporated into industry.

In the light of this principle, it may be of interest to
note the estimate of future non-ferrous metal vequire-
ments made in the United States by the President’s Mate-
rials Policy Commission in 1951, This estimate was based
on an extrapolation of past consumption trends, modified
by a scries of assumptions concerning some of the in-
fluences affecting demnand, the most important of which
were a doubling of the United States gross matiomal
product between 1950 and 19753, a rather smaller increase
in western Europe and a much larger increase in the
other industrial countries, avoidance of a major war
during this period, continuance, with little change, of the
1950 price relationships, and absence of any considerable
unforescen technological innovations. On this basis esti-
mates were made of probable consumption of eopper,
lead, tin and zine in 1975, In relation to 1950 levels of
primary wmetal consumption, the greatest increases were
predicted for the countries at present under-developed—
ranging from 126 per cent for tin to 228 per eent for
zinc—and, among the industrial countries, for Japan—
from 67 per cent for tin to 143 per cent for lead—and
Australia and New Zealand—from 76 per cent for zine
to 163 per cent for tin. The smallest relative increases
were predicted for the most highly industrialized coun-
tries, the United Kingdom—{rom 18 per cent for tin to
40 per cent for lead—and the United States—from 18
per cent for tin to 53 per eent for lead.

It was estimated that consumption of primary tin and
capper in the under-developed areas would more than
donble within the 25 ycars, and consumption of primary
lead and zinc mure than treble. Despite this expansin,
however. the proportion of the world total which Latin
Awerica, Africa and Asia (outside of Japan and main-
land China) consume is unlikely to exceed one-sixth in
the case of tin, onc-eighth in the case of lead and one-
tenth in the case of copper and zine. The United States
secms likely to continue to consume between 40 and 50
per cent of world primary non-ferrous metal output,
western Furope and the United Kingdom between 30 and
40 per cent, and Anstralia, Canada, Japan and New Zea-
tand a combined proportion of between 7 and 10 per cent.

Even substantial increases in the amounts of the addi-
tive metals used in under-developed eountries are nnlikely
to affect the general pattern of eonsumption. As indi-
cated above, these wmetals are all associated primarily
with the production of special steels and are therefore
likely to continue to be used very largely in the more
highly industrialized conntries. Lven in the case of man-
wanese. which is in rather more gencral nse in stecl mak-
ing, the distribvtion of iron and steel capacity is such
that. even with foreseeable expansion of facilitics in the
less developed countries, the bulk of manganese snpplics
will continue to be consunied in the jaesent industrial
comntries,

On the whole, the consumption of ferroalloys, thongh
subject to sinmlar and perhaps even more marked cyclical
Huctuations, has visen more rapidly than that of the

major non-ferrons metals. Projeeting 190050 trends into
the decade 1970 to 1979, the Materials Poliev Cotantis-
sion suggested a probable expansion i consnmption of
the major metals, ranging {rom enethivd of the 1950
level in the case of ting and onehall (for copper and
7ine) to twothivds in the case of fead ttable Do On the
same assumptions, the use of the additive nietals nright
be expected to inerease much more: from a donbling of
nickel and clirominm consumption teca SH per cent ex-
pansion of cobalt consumption. The two exeeptions to
these trends are manganese and alnminiom, - Consnmption
of the former wonld scem unfikely to expand by much
more than onc-hall (the sime order of inevease as that
predicted for finished steel and the major non-ferrons
metals) while consumption of aluminiom might be ex-
peeted to increase in almost the same degree as cabalt:
a threefold expansion in the United States and a fourfokd
expansion clsewhere,

Translated into physical tevms, these pastulated in-
ereases in consumption wonld entail an arithmetic average
annual expansion of 185000 tons of aluminimn and
1.000 tons of cobalt (or a geometric rate of growth of
about 6 per cent per annum) at the wie rnd of the scale,
and 50,000 tons of copper and 2300 tons of tin (1.2
per cent per anunmj at the other. In nwaetary terms
the main increases would be in the major non-ferrous
metals, particularly almmininm, and, to a mueh smaller
degree. copper, zine and lead. The nuder-developed
countries as a group wonld gain most from the expansion
in copper production, thongh the inereases i lead, colalt
and chramite ontput wonkd also add substantial swms
to their foreign exchange carnings. Thongh they wonld
gain only a small projortion of the increased vahe of
metallic alumininm and nickel prduction, some nder-
developed countries would benefit from the expanded
demand for the ores of these metals,

Scrap and secondary metal

So far the disenssion has been in terms of “new™ or
“primary” consnmption, that is. consumption of freshly
mined ore and metal smelted therefrom.  Consumption
of the metal, as pointed out above, entails its transfor-
mation into usable articles, cither alone or in combinatii
with other materials. In the main, these articles Talt imo
the category of durable goods, although a projeation «of
the ontput of most ol the na-ferrons metals passes into
chemical componnds that are expendable or inte forms
of armaments from which they are not receverabde, T
the fabrication of the metals a small Traction of the
juput emerzes fran the factory pot as tinished articles
but as trimmings, filings. spoilage and other waste metad
which after snitable treiment can nornabiy he nsed
again. Similarty, when durable goods ecise 1o faltl their
varions imcticns satisfactorily, they are discanded sod
a coriain proportion of the cemstituent ntenial brds s
wav back into the productione cirenit for veases Than
|mfl'|n|| of the Lctory waste and the discarded artiefes
which ix capable of fairly divect jen=e by non-ferrons
metal Tabricator= s customan iy termed ey

Serap
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nsually consists more or less of pure wetal - copper from
an electrie genevator, for t-\ump!v
deteviminate alloy

or of a more or less
irass fremn honsehold hardware, for
example. Other serapped material may contain valable
son-ferrons metals ina combined Form which, thowgh
not nxable direetly by fabricators, is capable of yielding
the pure metal again if smelted or relined. This is cus-
tomanily called “sccondary”™ material and along with
scrap adds in varving degree to the supply of metal from
the treatinent of newly mined ore.

The available volume of secondary and scrap material
is a function of the nature of the original use: the more
mctal going into forms which are expendable or incvit-
ahly dispersed in their use (lead in gasoline, zine in pig-
ments, copper in pesticides, for example), the lower is
the recoverable praportion likely to be. Tt is also a
function of the relative price of the metal: the higher
the scrap price in relation to other prices, the more inten-
sive and extensive is scrap collection likely to become.
It is also a function of the effective life of the durable
goods, which in turn depends among other things on
their quality and rate of obsolescenee, the rate of tech-
nical advance, the level of economie activity and price
expectations. The average period between the produetion
and scrapping of automobiles in the United States, for
example, has undergone a fairly steady secular decline
and by 1950 was estimated at about ten years, while that
of storage hatteries had fallen to about three years.

The organization of the scrap market varics from one
metal to another and fram one eountry to another. Where
a high propartion of metal goods output is exported, as
in the United Kingdom, scrap collection from domestic
consumers yields relat'vely less than in countries with
higher internal consimption. The volume of factory-
produced scrap depends in part upon the organization of
the metalusing industries: in general the larger the firm
and the closer the degree of integration between its vari-
ous divisions, the higher is likely to be the proportion
of scrap collected and re-used. Consmmner eollection is
ahmost invariahly the most costly to organize: it requires
transport facilities aver a wider arca and much more
sorting of the produet. And, as war-time experience has
shown, a general awarencss of the value of serap an the
part of the metal users is necessary for collection to be
suceessful. even in highly industrialized comntries. The
less developed the comntry, the smaller is the volume of
available serap likely to be, though the proportion actu-
ally collected for re-use may well be higher than in richer
countries where waste is greater, at least among con-
sumers, and where the factors of production are generally
more prolitably ocenpicd,

In general, comparatively little of the ferroalloy supply
comes from ~econdary sonrees, partly becanse many spe-
cial steels contain only small pereentages of the additive
metal, partly beeanse their relining is often a costly pro-
cess, partly becanse they are olten used in capital goods
with a long Efe expectancy. In the case of the major
non-ferrous metals, on the other hand, a large, and on
the whole inercasing. volume of serap is recovered and

n=ed. I the United States in 1950, for example, the pro-
portion of old scrap ranged from abont 6 per cent of to-
tal consumption Cof domestic slab and zine) 1o alnost 60
per cent tof antimony . The rapid increase in aluminium
production has tended to hold down the relative impor-
tance of secondary sources, though in 1953 the proportion
of serap to total supplies was abont 10 per cent in the
United Kingdom and the United States, while in Europe
war-generated scrap accounted for a considerable pro-
portion of consumption in the early post-war years. As
late as 1919, western Germany's production of aluminium
comprised 31000 short tons from ore and 57,000 short
tons {ront serap.

About 6 per cent of United States slab zine consump-
tion was derived from remelted scrap in 1950, while most
zinc-hased chemicals and a good deal of zinc alloy were
derived from secandary sources of the metal. In 1953
about one-fourth of total supply came from scrap. In
the United Kingdom the over-all proportion of secondary
to total consumption of zinc has been of the order of
30 per cent in post-war years; in Norway it was 11 per
eent in 1953, Between 30 and 10 per cent of United
States tin eansumption in the post-war period has been
for plate and very little of this is recovered; much more
of the tin nsed in babbitt and bronzes, however, and to
a smaller extent in solders, too, is reclaimed, and in 1950
it was cstimated that almost one-fonrth of tatal consump-
tion came from serap and secondary material. The pro-
portian of seeondary copper used in that year was some-
what higher, though not quite so great as that recorded
in the United Kingdom—30 per <ent of gross eonsumption.

This was also the order of magnitude of secondary lead
consmnption in the United States, where storage batteries
-—yielding a quick return of scrap—constitute by far the
largest single use. In the United Kingdom, where cable
covering and sheet and pipe for buildings have remained
more important uses, the proportion of secondary lead
consutned has been somewhat lower. It has been esti-
mated that hetween a half and two-thirds of the lead used
in industrial communities now goes into non-dissipative
uses and therefore stands a good chanee of being recov-
ered for ultimate reprocessing. In the United States the
consumption ¢ secandary lead has aetually cxceeded
that of primary metal sinee 19i6. In Denmark in 1953
no less than 50 per cent of tatal lead supply was derived
from scrap. Autimony, which gces into batteries and
tvpe metal to an even greater relative dezree than lead.
also returns to the fahricator very rapidly by way of
scrap: in the United States over lalf of gross consump-
tion is {rom scrap, while in the United Kingdom the pro-
portion is about one-third.

Theoretically, the amount of serap available during
any given period is a funetion of the total existing volume
of goods incorporating the metal in question, the rate
of obsolescence of such gaods, the ratio of dissipative to
non-dissipative consnmption of the metal and the tech-
nique of collection.

Under normal circumstances, the total volunie of 1aade-
up metal increases fairly steadily, though the rate of
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increase may tened o dininish. The distribution ol con-
caplion between dissipative and  non-dissipative pses
depends pardy upon the demand for the two categories
of prodnet and partiy npon teelinological deselognients
which govern the way in which the metal i likelv to be
e, neither determinant being veadily predictable. The
rate of obsolescence of metal goods depends partly upon
the intensity with which they are used and patly upon
the conrse of technical progress and the rate at which
new produets supersede the old: on the whole this has
tended 1o inerease. The technique of collection depends
partly on the ceographical dispersal of the prodnet and
partly upon the organization of the institutions through
which the scrap is recovered; on the whole, the collecting
proecss has tended to become more eflcetive. In general,
these considerations being taken into account, it is prob-
able that the absolute amount of serap returned to the
production process ordinarily tends to inerease fairly
steadily. However, whether its relative contribution to
gross eonsumption in any ene year increases or decreases
depends, among other things, on the rate at which the
production and eonsumption of primary metal have heen
expanding. Thus, the sccular increase in the proportion
of copper scrap used in the United States was brought
to at least a temporary halt in the nineteen thirtics by
the expansion in total copper consumption. In 1910, only
8 per cent of the country’s copper supply came from
reclaimed metal; in 1920 the proportion was 17 per cent;
in 1025, 20 per cent: in 1930, no less than 36 per cent.
The subsequent rapid rise in primary production, how:-
ever. reduced the relative importance of scrap. In general,
Lie lower the ratio of the current rate of production
tand consumption) to the rate which obtained dnring
the preceding period-—in which the durables in current
use were being manufactured—the higher is the relative
proportion of serap likely to be.

It is not unlikely. thercfore, that the annnal volume
of available scrap of most of the inajor non-ferrous metals
will tend to increase at a more rapid rate than total
demand. especially in the case of those metals, such as
aluminium. new produetion of which has been expanding
considerably in recent years. This being so, the required
rale of increase in primary produetion is likely to be
le<s than that of demand. Indeed, if demand failed to
inerease, but settled down at a stable level abovi that
required to offset depreciation, the gradual buildup of
stocks of metal products in use would ultimately result
in a sitnation in which the annual demand for the metal
might in theory be entirely satisfied by the supply of
serap. Such a stationary state is far from being realized
in respect of any of the non-ferrous metals; nevertheless,
the importance of scrap and secondary metal in the con-
sumption pattern of the industrial countries is now great
enongh to have a significant effect upon price and npon
the demand for the primary metal, aml hence npon the
fortune of those under-developed countries in which
mineral exports make a significant contribution to the
national imeome.

Proni crion

, . . .
Ulucteat ons in vulpil! and piice

The minine and =meiting of vanterrouns metals have
variations i total and resional
ontput that ingenerat have followed Buchations in-de-
mand  Taivly eloselve thongh wsoallv with a0 time lag
reflecting the Tact that, for heth econonmie and technieal
reasons ore and metal production s ardinarily not sis-
veptible of very rapid expansion or contrection. Broadly
speaking, non-lerrons ove and metal ontpit has veached
high levels during periods of marked activity i the in-
dnstrial eountries. during wars and daring the boom
phase of the trade evele, only to fall off correspoudingly
in the wake of deeliming demand. Thus, non-ferrous
production peaks were recorded during the First World
War, in 1929, in 1937, during the Second World War
and again dnring the period of rearmament from 1930
to 1952, From those peaks, production of most of the
metals declined markedly as industrial activity slackened.
Between 1917 and 1921, for example, world tin and lead
vutput dropped by more than one-fourth, and copper and
zinc ontput by about onc-half. Between 1929 and 1932,
output of lead dropped by more than one-thinl and that
of copper, zine and tin by 50 per cent, while production
of some of the alloy metals —timgsten, nickel and man-
ganese, in partivular—dropped rven more sharply.

been eharactericed In

After 1932 (1933 in the case of tm) there was a
general and fairly rapid rise in production. For several
metals—manganese, copper, chrominm, nickel, tinand
antimony. in partienlar -a peak ontpnt was recorded in
1937, production in 1938 being marked by a slicht de-
cline. and i a few cases—antimony, molybdenum and
manganese, for example —the decline continned into 14239
as well. In the following vear. the npward trend was
resmned., and record autpits were delivered diring the
war. The war-time peak was followed by another rapid
decline, low points being recorded m 1915 tin Teail,
banxite, chrominm and tin productions or 19160 tin
molybdenum, copper. tangsten, zine. nickel and antimony
production).  Sinee then, there has been anather np-
swing: only in the case of manganese and zine, however,
had this carried prodnction above the war-thae peak by
150, thongh by 1951 both war-time and pre-war peaks
hail bern equalled or exceeded in all metals exeept tin,
antimony, tngsten and vanadimn,

Notwithstanding these Inetmations. the general tretul
of production over the past 70 years lins been decidedly
npwards. At the outhreak of the First World War, Tead
production. whieh at abont 125 milhon metrie tons was
highest among the ajor non-ferrons metals, was three
vmes its 1260 level: tin production had espeiienced a
<imilar inerease. while zine production was Tour times,
and copper prodoction five tintes, the 1800 level, Tn 1895
almuininm outpnt had execeded 10O tons for the first
fimes i 191360 was 70,000 tens. The expan-ion in ont-
put of the ferroallov nietals was of the smne order: {or

example, the outpnt of nickel, the oldest of these metids
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in tevins of industrial nse. inereased from under 1,000
tons before 1887 10 35,000 tons in 1913,

Comparing the boom vear of 1929 with the peak vear
of the First World War. nickel production was one-fourth
higher. copper production was np by one-third, tin. lead
and 7zme produciion by one-hatf, while the output ol
alnminimn had doubled. Between the 1929 and 1937
peaks there was a further inerease. thongh in most cases
of a mueh smaller magnitnde: tin and zine prodoetion
was up by about ouetenth, copper production by almest
one-fonrth. alnmininm prodoction by more than thivee.
fonrths, nickel octpnt had doubled. and only lead pro-
duction was lower (hy abont 8 per centy. Between 1237
and the peak vear of the Sccond World War. the in-
erease in output was generally larger: cven lead produe-
tion wis hizher though it still had not reached the level
registered at the end of the nineteen twenties.

The postwar decline, though sharp. was only tempo-
rary. and even the lowest output of the post-war years
1910 to 1953 was equal to the peak level of the nineteen
thirties in the case of hanxite, molybdenum, chrominm
and nickel. and 10 the high average levels ol 1929-31
and 193127 i the case of manganese, eopper, zine and
antimony. The three metals whose 1910 output was low-
est in relation U pre-war figures were lead. tin and
tungsten. Prodnction of the first two of these had been
affected Ly some of the technical eonsiderations men-
tioned in the previous seetion: economy of use, and sub-
stitution. Tin production, moreover. was reduced by the
war-time destruction and negleet of facilities in sonth-
castern Asia. In the case of tungsten the main reasan for
the paor showing in the carly post-war years was the
slow recovery of prodnction in China, whose pre-war
outpnt had amounted to almost one-half of the world total.

‘This brief review of production has been made in
physical terms. The main interest in an under-develaped
economy, however, lies less in the volume of mineral
output than in its value and, as pointed ont in chapter 5,
Jes- m the metal itsell than in the foreign exchange
carned by exporting it. In consequence of this, the price
of the metal or ore is as important as its qnantity, and
its significance to the exporting comntry depends on the
relationship between that price and the prices of the
goods purchased with the proceeds.

In general, the price variations that have characterized
the international metal arkets, like the variations in
ontpnt, reflect the conrse of cconomic activity (and of
the resultant demand for the metals) in industrial coun-
tries. Most average annnal metal prices were very hizh
in 1906.07. 1916-17. 1929 and 1937, reaching very low
levels in the intermediate periods 100301, 1909-11, 1919-
21 and 193032, when the demand for capital goods fell
to not much more than replacement levels, There was
a recession i metal prices in 1938 but an inerease in
armaments requirements the following vear prevented any
major decline.

During the war, first price control. aceompanied in
nomyinstances by porehase contracts, and Liere the
complete control of metal distribution, exereised partly

through shipping allocation. held the priecs of most
metals well below the levels they would doubtless have
attained o a free warket under conditions of so active
a demand. The relinquishment of controls after the war
permitted a general price readjustment, and there were
subs=tantial increases in most metal prices in 1916, stimu-
Latedd by reconstruction demands bat cushioned to a eertain
extent by the availability of substantial supplies of serap.

Metal prices cased slightly in 1919, in consequence of
a deeline in United States damand. bt the outbreak of
hostilities in Kovea and subsequent  rearmament pro-
crammes changed the preblem to one of scareity in 1950,
and thronzhout 1931 most of the non-ferrous metals
were nnder control- either of priee or of use (or of both)

in most countries. The International Materials Con-
ference (IMCo. set up 1o study and make recommenda-
tions concerning the distribwtion of a number of par-
ticularly scarce materials, worked ont allocation plans
for copper. zine. nickel, tungsten and malyhdenum, aud
kept under review the production and consumption of
lead. chromium and mangancse. By the end of 1952,
most non-ferrous metal priees had dropped appreeiably
from the high fignres which had obtained during the
second half of 1950 and the first half »f 1951. Only
copper, nickel and molybdenum remained under IMC
allocation. the prices of these metals and ofgaluminium
remaining very firm. Since then, investments inade dur-
ing the period of shortage have inereased produetion and
refining capacity. For many metals the snpply position
has therefore cased further with a eonsequent decline in
prices, particularly of tin, lead, zinc, tungsten and anti-
mony. The IMC ecased to operate in 1953, and in a
number of cases the problem has again become one of
raising eonsumption as an alternative to curbing pro-
duetion.

This brief synopsis of half a century’s price move-
ments illustrates the relationship between consumption,
price and production: in gencral, times of active demand
and high prices have preceded times of high production,
while a decline in demand and then in price has usually
heen followed by a deelinc in production (chart 9).
During the inter-war period these reduetions in output
were sometimes the result—at least in the case of the
major non-ferrous metals—of organized efforts to pre-
vent further deterioration of the market during and after
a period of cconomic depression. In other eases, a decline
in prices squeezed out marginal producers and stopped
the working of marginal hadies of ore; conversely, a rise
in prices tempted them hack.

In so far as foreign exchange carnings are eancerned,
the tendency for price and production to move in the
same direction results in a fluctuation in realized value
snbstantiallv areater than that recorded for production
alone. Thns the drop from the peak of the First World
War to the lowest point of post-war depression ranged
frone 11 per cent (tin) to 19 per cent (copper) in terms
of world ontput bt from 37 per eent (tin) to 76 per
cent Geoppert and B2 per eent (zine) in terms of rea-
lized value. Siailarly, the drop from boom levels of
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Chart 9. Indices of World Production Price and Value of Major Non-Ferrous Metals,
1910 to 1954
(Average 1935.39 -—= 100)
500 —
A 5o S e
400_ Co r '.' : 000~ - .
we ...0 i 400”__ 7Zinc :o .‘
300 T )
200
100
% '
28 V2etlanlity

191

1915
1920+
19251
19301
1935}
18451
1850

1940
1945}
1950

1510
1915}

400
300

200

sof
S i i i i L L | 1
o [~} ") ] [~ wy -
= = 8 & 3 8 ¥ 1 2
—t vy vy - -y ] L] L] -l

1929 to depression levels of 1932 ranged from 32 per
cent (lead) to 48 per cent (tin) in respect of output but
from 68 per cent (lead) to 85 per cent (copper) in
respect of value. Furthermore, a given fluctuation in
world production implics a greater relative fluctuation
i the output of at least some of the contributing coun-
trics. In addition, since in general imports tend to he
marginal, trade temds to fluctnate more than production,
aceentuating the instability of the foreign exchange earn-
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Source: United Nations, Statistical Yearbook; League of Na-
tions, Statistical Yearbook (Genevar; Imernational “Tin Swdy
Group, Statistical Yearbuok: American Dureau of Metal Statistics,
Yearbook; The Metal Bulletin (Londony; W. Y. FHione, E. S
May, J. W. F. Rowe, A. Skelton anid . 1L Wallace, International
Control in the Non-Ferrous Metals (New Ymk, 1957,

* Excluding that of the Soviet Un.aon.

ings that an exporting country derives from its non-
ferrous metal industry.

Althongh a decline in demand and consequent drop
in price initiate forces whicl tend to cnrh production,
the actnal operation of these forces varies from one metal
to another. from one producer to another and from one
time to another. Where a large propertion of total ot
put is nnder the effective control of a single organization
(as tin was daring part of the inter-war period) or a
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few laree concerns fas ~ome of the olber major non-
ferrons mctals have tended to by central or joint deci-
sions may be made recarding prodection poliey. Oitput
quetas may heatlocated 1o specifie mines, reflecting a
proportionate ent from some predetermined fevel of pro-
duction, or perhaps a decision may he made to sacrifice
ltigh-cost producers tenrporarily,

The incidence of a tarill imposed in any important
consnming country may also vary in its effects on export-
ing countiies. Dnring the great depression. for example,
the high dutie: imposed by the United States to protect
domestic mincs bore heavily on Latin American suppliers,
while the imperial preferences granted on the United
Kingdom market discriminated in favour of Common-
wealth suppliers. More recently, soft currency sources
have had a more favourable market in most European
countrics thair hard enrrency sources have had; this is
ane of the reasons for the rapid expansion of copper
mining in Northern Rhodesia and for the offer by the
United Kingdom Government of support for an alu-
minium industry in the Gold Coast. For similar reasons,
special cfforts have been made (by France and the United
Kingdom in particular) to bring war-damaged mines
back into production and to develop new mineral output
so as to inerease hard currency carnings—in the case
of tin, cobalt and mmanganese, for example—or reduce
the nced for hard cnrrency imports—in the case of copper
and zinc, for example.

Because the effects of an over-all decline in output may
be very uneqmal, certain countries, by reason of the
place their mines occupy in the international organiza-
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tion or of the partienlar market they serve or of some
other distinenishing  consideration. may suffer a more
tharr propottional cotbach, Even if the less developed
mineral-prodiciue countries snffer no more than a uni-
form pereentige reduction, howeser, any decline in out-
prt and revemie is likely to represent a more serious
loss in relation to the gross national produet than it
wotthl in a more diversified eeonomy or in an economy
in which the production cutback resulied only in a loss
of turnover to a few firms rather than the loss of foreign
exchange to the country as< a whole.

To sum up, althaugh the sceular trend in non-ferrous
metal production has clcarly been upward, this fact has
been overshadowed by the cyclical and year-to-year fluc.
tuations which have characterized the demand for the
mctals and henee their price and output. Moreover, the
fact that variations in production have tended to parallel
varialions in price has resulted in fluctuations in value
of output appreciably greater than those in physical
quantity.” In addition, two further facts must be re-
corded: (1) becanse of the marginal position of imports
and the destabilizing influence of inventories, actual
metal sales tend to fluctuate more than production; and
(2) the output in individnal producing countries tends
to fluctuate more than that of the aggregate for the world
as a whole. As a result the problem of instability is of
crucial concern to those under-developed countries in
which non-ferrous metal production makes a major con-

7 Cf, United Nations, Instability in Export Markets of Under-
Developed Countries (sales number: 1952.11.A.1).

Table 5. Proportion of Total Output* of Non-Ferrouz Ores and Metals
Contributed by the Three Largest Prodncers, 1937, 1950 and 1953

Pereentage of total
cutput produced by

Ore or metal three Lirgest producees

Three largest producers,
and percentage contribution
to total vetput, 1953

1937 1950 1953
Zine ore ... 55 58 w4
fead ore oo.oe. 54 57 46
Tungsten ore ... 58 60 50
feml metal ...... 55 66 51
Zine metal ..., 62 55 54
Antimony ore ... 61 62 58
Bauvite ... 48 67 58
Manganese ore .. T4 71 58
Copper ore ..., 65 65 64
Copper metal L., 64 64 67
Cliroiite .. ... ... 63 72 70
Tin conmeentrates., 72 W )
Tin metal ... R0 76 T4
Alumintunt ... ... 68 82 80
Cobult ore and alley - 83 87 82
Niekel ore oL, 93 9 06
Molvhdenum ore.. 67 i 499

United Mates, 36; Canada, 10,

United States, 200 Canada, 14: Australia, 10
United States, 18; Aunstralia, 16; Mexico, 13

Southern Korea, 203 United States, 20; Portugal, 11

United States, 265 Mexico, 13; Australia, 13

Jeigium, 9

Bolivia, 26; Mexico, 195 Union of South Africa, 12

Surinam, 26; British Guiana, 18; United States, 13

India: 32; Gold Coast, 14; Union of South Africa, 12

United States, 34: Chile, 15; Northern Rhodesia, 15

United States, 39; Northern Rhodesia, 15; Clile, 14

Turkey, 32; Union of South Africa, 23; Phifippines,
15

Malava. 33; Bolivia, 21; Indenesia, 20

Malava, 36; United States, 22; United Kingdom, 17

United States, 52; Canada, 23; Franee, 5

Belgian Conge, 69: Canada, 7; Northern Rhodesia, 6

Canada, 753; New Caledonia, 14; Cuba. 7
United States, 91; Chile, 5; Yugoslavia, 3

Nowrer s United Nations, Statistical Yearhook;
tnited State- Buroan of Mines, Winera!s Year-
l‘!“i”:.

* Worlil production, excluding that of mainland
China, eastern Furope  and  the Soviet Union,
measured us metul content; including a certain
amount of secondary metal in some cases,
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iribution to the national income and the available flow
of foreign exehange.

Regional distribution

In spite of the fact that mining activity is very wide-
spread, with many countrics making appreciable con-
tributions to the supply of at lcast one of the non-ferrous
metals, the bulk of the outpnt of individual metals is
derived from comparatively few sources. In 1953, for
example, the three principal producers accounted for
proportions of world supply (excluding that of main-
land China and the Soviet Union) ranging from 44 per
cent in the case of zine ore and 46 per cent in the case
of lead ore to 96 per coant for nickel and 99 per cent
for molybdenum (table 5). On the whole, this concen-
iration of production was somewhat greater in the early
post-war years than that wiich had obtained hefore the
war, though by 1953 it had declined below the 1937 level
in most cases, the chief exceptions being chromite, 70
per cent of which was produced in the three main pro-
ducing areas compared with 63 per cent in 1937, bauxite
{38 per cent compared with 48 per cent) and aluminium
{80 per cent compared with 68 per cent).

Although more than 30 of the less developed countries
produce one or more of the major non-ferrous metals
in significant commercial amounts, the greatcr part of
their contribution comes from comparatively few sources.
In the case of tin ore, for example, in 1953 Bolivia, Indo-
nesia and Malaya produced about 74 per cent of the
world total (not including output in mainland China
and the Soviet Union) ; together with the Belgian Congo,
Nigeria and Thailand, they produced 93 per cent, while

16 other producers among the under-developed comitries
contributed a further 3 per cente In the case of copper
ore. the Beleian Congo, Chile and Northern Rhodesia
produced about 39 per cent of the world tatal i 19535
tozether with Mexico, Peru and Yugoslavia thev pro-
duced 11 per eent, while 11 other nuder-deseloped coun-
tries contributed a fimther 7 per cente Mexico alone
supplied abont owethird of the total output of lead and
zine coming from under-developed couptries (13 per cent
and 9 per cent, respectively, of the world total in 1953),

In general, the immediate elfeet of the Second World
War was to deerease the relative importance of the less
developed conntries as a source of non-ferrous metals,
The main exceptions to this generalization were zine ore,
lead orc and bauxite, for which the relative contribution
of Latin America and Africa increased appreciably (from
a combined proportion of 13 per cent of the total in 1937
to 23 per cent in 1950 in the case of zine ore, from 21
per cent to 31 per cent for lead ore, and from 25 per
cent to 55 per cent for bauxite).

In the case of zinc ore, the proportion produced in
under-developed countries in 1950, thongh higher than
immediatcly before the war, was still well helow the level
reached during the depression of 1931 to 1933, In the
case of lead ore, on the other hand, post-war proportions
from the less developed counntrics were abont the same
as those of the carly nineteen thirties. This is also true
of tin ores and concentrates which, as indicated above,
come almost exclusively from under-developed countrics.
The contribution of under-developed countries to the
world’s copper supply showed a considerable expansion
when the Northern Rhodesian mines began producing in

Table 6. Non-Ferrous Metal Output in Industrial and Under-Developed Areas,
1937, 1950 and 1953

Percentage of total output® from

QOre or metal Industrial countriest Under-deceloped countries or regions®
1937 1950 1953 1937 1950 1953
Bauxite ................ cresens 55 k%3 30 45 66 70
Aluminium ...........c00000ee 100 100 9 - - t
Antimony ofe .. ...cceeicarerians 15 13 14 85 87 86
Copper 0ré ...ccvveeoenereiraaes 50 51 49 50 49 at
Copper me1al ......ooveneiianen 59 59 57 4t 41 43
Lead ore ........ Ceerecsiaianens 68 63 59 32 37 41
Lead metal ..........c00uvivnin, 8 74 73 22 26 27
Tin concentrates ..........co0.s 3 4 4 97 96 96
Tin metal ......cciivvnienininn. 37 57 62 63 43 38
VAT TR U 7 71 69 23 29 31
Zinc metal ..o e, 96 94 94 4 O 0
Chromite ... ... Cieereaans erians 5 1 3 Uit Y y7
Cobalt vre and alloy............. 9 10 20 9l 90 80
Manganese ore ..o iiiie e, 4 9 7 uhH ut 93
Molybdenum ore ................ 92 92 92 8 8 8
Nickel ore L. iiiiiiieiieniinens. 93 94 76 7 6 21
Tungsten ore oo e, 33 63 nt 07 a7 49
Source:  United Navions, Statistical Yearbool:. Y Cuetrath, O Lpan New Zealan aite]

* Excluling mainland  China, Czechoslovakia,
eastern Germany Cin 1939 and 1953y, Hongzary,
Beland and the Soviet Union,

States and western Furopean countrics,
A frica, Asin Cexeludine Jaan
Clinar, Latin America, Vinland aned Yueoo oo,

vl neant ol
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the carly nincteen thirties: post-war proportions have
heen elose to the levels established then., Since 1930, the
proportion of the total output of non-ferrous metals
originating in nnder-developed countries has tended to
increase (table 6). The principal exceptions are tin
mctal—38 per cent of which came from under-developed
countries in 1953 compared with 43 per eent in 1950
and 63 per cent in 1937—and eobalt ore and alloy, the
Canadian production of which has risen appreciably
since 1950,

Within the gronp of industrial eountrics the war
brought a general decline in the contribution of western
Furope and a corresponding increase in that of Canada
and the United States, P’art of the decline in western
Furopean production was made good during the early
post-war years, but in 1930 the relative contribution
from this region was still markedly below pre-war
figures except in the cases of copper netal and antimony
ores, western European production of which, however,
was hardly of significant proportions. Western European
production of tungsten was of much greater importance
after the war, but this was only because of the absence
fronr the world market of supplies from mainland China,
which was the largest single pre-war source of this metal.

The Asian contrilution 1o total supplies of non-ferrous
metals was much smaller after the war than it had been
before, evenr if mainland China is not included; nor in
most cases had Asia recovered its relative pre-war posi-
tion by 1950. The only metals for which Asian output
was relatively as great in 1950 as it had heen in 1937
were zine (largely from Japani, aluminium (India and
Japan), banxite (increases in Indonesia. and to a much
smaller extent 1ndia. having offset a decline in Malaya),
antimony, production of which, if the large pre-war
Cliinese contribution is excluded. aetually showed a slight
relative increase (from  Thailand and Turkey)® and
chromite (the relative production of which—from Turkey
and to a simall estent from the Philippines and New
Caledonia®—was also somewhat greater), Cassiterite was
the only non-ferrous ore of which the Asian share was
preponderant: in terms of the tin content of concentrates,
Asin contribnted 72 per ceut of the world total in 1937,
03 per cent it 1930, and 60 per cent in 1933: in terms
of refined metal. 38 per cente 11 per cent and 35 per cent,
respectively. Fven withont the Chinese share. Asia pro-
tieed 31 per cent of the world’s tnngsten supply in 1937
with fitile or nothing coming from Burma. Indochina or
Malava immedhiately after the war, howeser, the Asian
contribution was down to 17 per cent of the total in
1050, thongh with the expansion of productivn in sonth-
erir Kovea it lad recovered to 28 per cent in 1933, On
the other liund, Tgeh as a0 vesnlt of the expansion of
Turkish produoetion, Asia contributed 3o per eent of the
world™s chromite ontput i 1950 qud 50 per cent in 1933,

STwekey is anchded witl the Veian countries, sinee non ferrous
et vatpnt dn the Middle Fast is teo smadl o wanant separate
discnssten in the present e bv-is

Fiee for pusoeses of this <to by Vostaliein has ner been re
vavded o~ an underdeveloped region, New Caledonia has been
grouped with the undecdeveloped countries of Asia.

Sinee Africa escaped most of the physically destruc-
tive ellects of the war. experieneing instead the stimulus
of active war-time and post-war demand for many non-
ferrous metals. there was a general inereasce in the pro-
portion of the world supply contributed by African
producers. Between 1937 and 1953 their share of total
production rose as follows: for bauxite, from zero to
1 per cent of the total; tungsten ore, from 3 to 5 per
cent; zine ore, from 2 to 10 per cent; lead ore, from
3 to Bl per eent; tin concentrates, from 11 to 15 per
cent; copper ore, from 19 to 26 per cent; antimony
ore, from 5 to 23 per cent. In the case of chromite the
African share of production rose from 43 per eent in
1937 to 52 per cent in 1950, but, largely as a result of
transport difliculties which retarded exports, decreased
to 38 per cent in 1953, while the regional contribution
of cobalt ore and alloy ranged between 85 per cent in
1937 and 87 per cent in 1950.

Latin America was in an even more favourable posi-
tion for inereasing its relative share of world non-ferrous
metal produetion. With the exception of copper ore,
copper metal and antimony ore, the region’s relative
share of which declined between 1937 and 1953 from
23 to 20 per cent, from 21 to 16 per cent and from
72 to 51 per cent of the respective world totals, there
was a general expansion in the regional proportions.
Between 1937 and 1950 production of molybdenum ore
rose from 5 to 7 per cent of the total, zinc ore from
11 to 18 per cem, tin concentrates from 14 to 20 per
cent, lead ore from 18 to 24 per cent, tungsten ore from
13 to 21 per cent, bauxite from 21 to 53 per cent. Except
in the case of molybdenum and tungsten ores, output
of which declined shightly, in relative terms, between
1950 and 1953, the Latin Ameriean contribution to the
workd non-ferrous metal supply has been maintained or
further expanded.

Notwithstanding the expansion of production in Africa
and Latin America, the United States contribution in
respect of most of the metals was greater after the war
than it had been immediately before. The major in-
creases (table 7) were in the following: tin metal, of
which the United States produced 19 per cent in 1950
compared with none at all before tlie war; bauxite,
United States production of which increased from 12
per cent of the total in 1937 to 18 per cent in 1950;
alnminium (from 30 to 50 per cent); zinc (from 33 to
1 per cent}. There was a sizable increase, both abso-
lute and relative, in tungsten ore output, and, on a much
smaller scale. in the output of antimony. manganese and
cobalt oves. in which the United States remains notably
deficient. Even in the case of eopper. in whiich the United
States share in world pruduction had been steadily de-
clining between 1916 and 1931, the rise which began
nnder taritl protection in 1935 continired  during the
war and in the curly post-war years, In 1930 the United
~tates produced about 37 per cent of the world’s mined
coppes, compared with 35 per cent in 1937 and less
than 20 per cent in 1931 (and about 60 per cent during
the First World Wari. More recent changes, however,
have, on the whole. been downward: only in the case
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of chromite and tin and aluminium metals did the United
States produce relatively more in 1953 than in 1930,
In the case of the ares of antimony. eopper, lead and
zine the United States share of world output was lower
i 10533 than in 1937,

Table 7. Pereentage of World* Supply of Non-Ferrous
Orex und Metals coming from the United States,
1937, 1950 and 1953

e or metal 1937 1950 1953
Nickel ore ... [ 1 -
Tin ore . viiien i eves — _—
Animony ore .......... e 3 6 2
Chromile .oovvivnivernerneennns —_— - 2
Manganese ore® ..... R 5

Cobalt ore and alloy....oo000ee ~—— 5 5
Bauxite ...oiiiniiiiniiiine veees 12 18 13
Lead ore ..., e 26 26 18
Tungsien ore ...... P { 23 20
Zine ore ... vereeieees 32 3 20
Tin metal .. oiiiiiiiiiiiiiee. - 19 22
lead metal ....oovviiiiiinen.. 26 29 26
Copper 0T vvvvviiveveneeeses 30 37 34
Zinemetal ...oiiiiiiiiiieiees 33 41 36
Copper metal .........00000e.. 38 Ly 9
Alominium ... viiiiiiiene. 30 50 52
Molybdenum ore .......o0vve.. 90 91 91

Source: United Nations, Statistical Yearbook; United States
Bareau of Mines, Minerals Y earbool:.

* Excluding mainland China and the Sovier Union,
¥ Containing more than 35 per cent manganese,

Among the major produeers of non-ferrous metals
tapart from the Union of Soviet Socialist Republies)
the United States is the only important eonsumer. Of
the other industrial countries which are listed in table 5
as major producers, Canada, in respect of zine, cobalt,
alumininm and nickel, and Australia, in respect of lead
and zine, export much more than they use, while Bel-
gium, in respect of zine, and the United Kingdom in
respeet of tin, rely alinost entirely on imported ores for
the production of the refined metal. Though Portugal
ranks third in production of tungsten ore, it actually
produces little and practically all of it is exported.
Thoweh Mexico and the Unian of South Africa have
attained a certain measure of industrialization, their
output of zine and lead in the first case and of the
ores of atimony, mangauese and cliromium in the
sccond.ave nsed  domestically only to a very small
extent, Frenelr production of aluminium is the only
instence of a major producer, outside the United States,
where the Jocal output of ore (hauxite, in this case)
provides a metal mainly for domestie consinmption, IFor
he rests the major producers of non-ferrous metals are
Al nnderddeveloped comntries, in which these wetals
Lave had comparatively little influence, at least as raw
materials. on the fevel of industrialization so far attained.

Hois wortl noting that, of the 12 ores specified in
table 5, the United States was the leading producer of
noless than four, second producer of a lifth and third

producer of another. Of the five reTneed metals listed in
the table, the United States was the leading producer
of four and second producer of the fifth, This iudicates
both the rich mineral endowment and  the advaneed
wetalurgical industry: which pat the United States in
a strong competitive position in relation o other pro-
ducers, It also indicates the degeee 1o which its domestic
resonrces have already been exploved and exploited,
faet which mayv give other prodocers. whose resonrees
are less aceurately known and less intensively worked.
a compelitive advantage at some time i the future,
when the United States has to depend to a wreater extent
on deposits that are less accessible or of lower grade,
and henee on a higher proportime of imports, This
tendency has, indeed. already heeome manifest, for in
recent years United States consumption has outrnn do-
mestic produetion of several of the non-ferrons metals,
and as indicated in a later section the United States is
now an important market for foreign supplicrs,

Another major producer and consnmer is the Soiiet
Union, which, because of lack of comparable data, has
not heen included in this discussion. It has been esti-
mated'® that the primary outpnt of major non-ferrons
metals in the Soviet Union in 1950 was of the order
of 265,000 tons of copper, 155,000 tons of lead, 165000
tons of zinc. 175,000 tons of alumininm, 40,000 tans of
nickel and 13,000 tons of tin, supplemented in each case
by imports and by a certain amount of secondary mate-
rial. In that year production of this order wonld have
placed the Soviet Union fourth anong copper producers
(after the United States, Chile and Northern Rhodesiad .
fourth among lead producers (after the nited States.
Mexico and Austialia). Bfth among zine  producers
(after the United States, Canada, Mexico and Anstraliay,
third among aluminium producers tafter the luited
States and Canadar, sccond among nickel producers
(after Canada), and 6fth among tin ore producers
(after Malaya, Indonesia, Bolivia and the Belgian
Congo).

It is probable that industvial expansion in the Soviet
Union during the postwar period e also tended to
mn ahead of ts domestic non-ferrous metal supply,
increasing its dependence, at lewst temporarily, upon
imports—Iead and zine from Poland, tin and umgsten
from south China and other Far Fastern sonrees, hanxite
from Hlungary, copper from Finland, alnmininm from
Hungary and castern Germany e several metals from
Manchuria, Known reserves of many of the won-ferrons
metals ave probably insulheient o sustidn receat rates
of industrial development for neany yea- bal sinee i
terms of prospecting and mining el of the conutry
is still inoa pioneer stage St is to beespected that Tavger

veserves will be located and developed modue cnirse M

In eeneral. the effect of the Second Warld War was
to reduee the velative contribintions to total noa-ferrons
metal supplics coming from Envope and - Asia, anedd -
W P he Vetal Badletin, July 1950
Vi Ljde 11 himkin, Winerals: 4 Aoyt Sorcet Power (Came
bristwe, Ma-«, 19020
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ereise corvespondingly those coming from North Amer-
wa. South America amd Mrica, By 19500 Furope had
revovered pseh of the bost ground. and as a result of
enbarged capaeity in Canada and the United States, the
industrial commlries as a whole were greater comtributors
1o worhl supphies than they had been before the war,
Inrthermore. one of the results of the rearmanment drive
intiatel in the second half of 195300 was to expand
facilitics 1o a greater extent in the United States than
clsew here, This rellects not only the part played by the
I'nited States in the rearmament programme, but also
its general concern about raw naterial supplies, as
evidenced by the advance in 1930 of both the rate and
the objectives of stoekpiling,!*

However, the United States effort to cxpand the raw
material base «n which its industrial structurc rests was
not coufincd to domestic resources. The Economic Co-
operation Administration (KCA) and its successors, the
Mutnal Sccurity Administration (MSA) and the Foreign
Operations Administration (FOA), made loans and
grants and authorized the use of certain ‘*‘counterpart
funds”—local currency equivalents of earlier eeonomic
aid—to expand facilities in several western European
countries and thcir dependencies. Thus, produstion of
bauxite was assisted in Greece and Jamaica, and of
aluminium in Norway and western Germany, manganese
ore in Greece, cobalt in Northern Rhodesia, chromite
in Turkey and New Caledonia, lead and zinc ore in
Freneh Moroceo and French Equatorial Africa, copper
in Northern lliodesia and I'rench Equatorial Africa,
tin in the Belgan Congo, and zinc and eadmium in
Italy. Where tle loan under ECA, MSA or FOA auspices
was partly or wholly repayable in metal, the loan agree-
ment embodied in effect a purchase contract. Separate
purchase contracts. as well as Export-Imnport Bank loans,
were also used o encourage greatcr production in other
countries: tungsten ore in Bolivia and southern Korea,
nickel ore in Cuba, lead ore in Guatemala and tin metal
or eoncentrates in Bolivia, Indonesia and Malaya, for
example,

The high prices which characterized the first phase
of the rearmament period also served to stimulate pro-

12The United States stimulated domestic expansion by means of
various incentives, the most important of which were the granting
of 1ax reliel Ohrongh rapid amortization of authorized caphal ex-
penditured, the negotiation of “commiimeni-to-purchase” contracts
(which gnarauteed the marker for specified products during speci-
fied peviods or for specilied guantiticar and the «ffer of loans 10
finanee expansion of capacity. Inan elfort to aveclerate the rate o
which new diiestie resourees were opened ap, the Gevernmment
also offeved o meet a propertion of the costs ineurred i explora.
ton and saevey  vangmg Tran B0 per cent of the total i the case
of copper. Jead anmd zine, chromium, wmol hdenun, cadminm and
hanxite to 90 per cont in the ense al tine eobalt, nickel, colnmbinm
and tantalon, By the end of 19510 <ome LU0 apgdications Dl
heen menle for explontion aid, OF these, 53 per eent had been
denied ar owithdrosn el 22 per cont aceepted:s the vemainder
were =1 o fer consideratia, DF the 315 esplaations sponeored,
8 were Lo avimeae 4 b cobalt, 1o colimbinm andd tantihinn,
M tor coppers 8y for Tead T tor mancaneaes T for nicked 2 for i,
0 Lo mnesren cned P oy dines B the endd o 18951 51 of theee
evplottions Led beon completed Gor tesminstod in wne other
win el theses bwe lve had recalted o diccoveries wortanting
develspment, snuees them bwa Bimgsten deposils, tan e ipese

tir'i'n-lh aiet one el and sine ‘Il"'ﬂ‘i[-

PATTERNS OF CONSUMPTION, PRODUCTION AND TRADI

duction and, to a certain extent. new investment in the
mining induztry in various parts of the world, The
Burna Corporalion came to an arrangement with the
Government of Burma {or the reopening of its lead and
zine mines: copper and kead mines were opened up in
Tanganvika and Ugamla: the Anacouda Copper Com.
pany made preparations for large-scale exploitation of
the sulphide ores of the Chuguicamata mine in Chile;
arrangements were made by four United States eoncerns
to begin working the Toquepela copper ores in southern
Pern: two new mines and several new exploration com-
panics began operating in Northern Rhodesia. While
many of thesc expansion schemes have thus heen in
under-developed countries, there has also been a good
deal of investment in the non-ferrous metal industry in
more industrialized countries. Apart from the expansion
of aluminium facilities in western Germany, Norway and
other European countries, in Australia there have been
notable developments in scheelite (tungsten) and rutile
(titanium) niining as well as in the older lead and zinc
mines, and some of the largest investments of recent
years have been made in Canada—in nickel, eobalt, cop-
per, lead, zinc and tungsten mining and in aluminium
refining. Taken in conjunction with substantial United
States investinent in new capacity, this is likely to enable
the industrial countries, particularly those of North
America, to maintain their leading positions as suppliers
of the major non-ferrous metals (except perhaps tin)
in the immeciate future.

The effects that consuniption changes of the order of
magnitude postulated in the preceding section are likely
to have upon the distribution of output are not easy to
forccast, depending as they do not only upon the de-
velopment of techniques of prospecting, mining and
beneficiation but also upon the evolution of economic
poliey with regard to production and trade in non-
ferrous metals. In general, however, the under-developed
countries would seem likely to remain the principal
sources of the ores of several of the non-ferrous metals,
among them antimony, aluminium, chromium, cobalt,
manganese and tin, Although aluminium and manganese
ores are present in large quantities in several industrial
eountrics—the United States, in partieular'3—the metal
content is very low, and it would require a considerable
advance in technology to render their beneficiation
economically attractive. Antimony ore is produced on
a small scale in the United States and to an even smaller
extent in western Enrope—in Austria and Italy—but the
sources are cither scattered deposits of stibnite, a few
of which can be worked at ordinary prices, or by-
products of lead or silver mines, The only economically
signiiicant deposits of chromite in Earope are fonnd in
Yneoslavia. while those in the United States are of very
low grade. that in Montana being the only one worth
wining under present conditions, 'rospects for cobalt
production in the United States scem somewhat brighter,

Do thee Gt Bl of e nineteen thirties Yhe tnited States
vane et e d Gaest e Fooe e ae g prodiess of hansite. In the

ot PRt TOS L L it states praadaction totalled ationt 54
miiliy tens eopteared widh 40 million tons i the period 1930 o
L sl alnmininm enyat was at a much higher level,
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especially if the new chemical technigue of extraction is
petfected. although not more than a small fraction of
normal requirements s likely to be met from domestie
resources. Fin o deposits are alinoxt uuknown in North
America. and relatively little is likely to be obtained from
residnal ores in Furope,

Fyen in respect to the ores of some of the major
metals. such as copper and lead, of which the United
States has long been the leading producer, richer de-
posits are known o exist in several under-developed
conntries. In the case of copper, for example, the United
States is already mining low-grade ores whose compe-
titive position would probably deteriorate rapidly if
the ratio of cost Lo price were to rise or the throughput
of ore to fall. In the case of zine and lead. the decline
in price from about 19 cents per pound to about 13
conts in the second half of 1952 brought about the
closing of many marginal mines in the United States
and caused the industry to appeal for tarifl proteetion
against lower cost imports, a large proportion of which
come from under-developed countries—DBolivia, Mexico,
Peru and South West Afriea, for example. Furthermore,
some of the metals which are just beginning to play
an important part in industrial processes are derived
mainly from under-developed countries: heryllimn comes
largely from Brazil and South West Afvica, colomhite
fron Nigeria, germanium from the Belgian  Congo,
indium from Peru and tantalite from Brazi! and the
Belgian Congo.

The competitive position of mines in under-developed
countries depends largely on the extent to which they are
alected by local cost-determining conditions. Among the
more lasting advantages sometimes found in under-
developed countries are favourahle location of deposits—
in relation to surface, potential power supply, ports and
s0 on—high grade and tractahility of ore, and geological
couditions which permit the use of simple mining tech-
niques. Among commeon temporary advantages are lower
wage rates and the strength that mining companies—
often large by local standards—tend to have in buying
goods and services and in negotiating with governments.
Apart from the possible handicap of bad climate and
geographical isalation, most of the disadvantages arise
from the unsuitability or immaturity of the economic
environment : these are likely to be overeame only slawly
as the process of development continues and ancillary
industries and scrvices are estahlished.

Advances in technique, whether in locating new ore
bodies or extracting. beneliviating or smelting the metal,
thongh they may be evolved in the industrial eountries
first. tend in dne conrse to be applied in ander-developed
countries.™ 1o the meantime, indivect techuical advan-
lages—Dhetter transport facilities, more adequate power
resonrees ed henee a higher degeee of mechanizadon
W mining vrocesses and, wol least. an improvement i
falne skitls-—=which have in many cases enabled Tow-
crade raines i dustrial countries 1o compele sneeess-

P e oot thea techieal proste s contimsns, hoviever, e
e oo esietain e ap between the advineed countries and ale

fas ey i o .

fully with potentially vicher mines i fess developed
parts of the world, also tend 1o spread. While it s e
that a good deal of mining i idev-developed conntries
is carvied on fnoa very primilive manner. especialfy i
arcas where Tabonr is velatively cheap and capital costly
and dilbealt to obtain, it is also true that mavy of the
Lavger mines ave technically as efheient as their connter-
parts i industrial countries. The ditheulties of these
larger mines as agents of development in the under-
developed conntry are associated less with the actual
process of mining than with the more general inadeqnaey
of the economic euvivomment w which they opevate. T
this vespect, the building of smeling facilities, which
has been proceeding steadily, if slowly. in most of the
under-developed mineral econoniies, also contribntes to-
wards the equalization of advantages, Towever, markets
are still overwhelminghy in industvial countries, and this
is undoubtedly a haudicap to some of the mines and
refineries in nnderv-developed conntries. Local consump-
tion of non-ferrous metals has inercased very slowly,
although itc those countries in which steel is now pro-
duced a wetallurgical industry is in the making.

In gencral. thevefore, althongh wineral prodncers in
under-developed aveas are not unfavonrably placed for
competition with producers in industrial comtries. they
could be adversely alfected if for any reason signiheant
sectors of the major industrial markets were elosed to
them, i view of the pancity of won-ferrons mineval
resources in most of the European countries, it is niinly
in the United States that such policies as a high tanill,
subsidization of high-cost local mining or restrictions on
use, if waintained for auy length of time, wonld serionsly
reduce the demand upon which production in under-
developed countries so greatly depends. Selective sub-
sidies were emploved in the United States during the
war, through the premimm price plan, and were again
resorted to from 1930 to 1953 to expand facilities and
increase stockpiles. However, there has been no - official
suggestion of turning this into a long-term policy de-
signed, in the interest of secnrity, for example, to exploit
the large-scale, but low-grade, resonrees of manganese
ore, chromite, bauxite awd other non-ferrons ores which
the United States possesses. Although local mining in-
terests, especially lead and zine producers, are tradi-
tionally in favonr of protection,'® goverument policy has
tended to move in the other direction, at least during
the peviod of active demand for miost of the base metals,
rezarding domestic vesonrees wmore in the light of a
strategic veserve Lo be developed bt ot to b exploited
intensively when alternative sonrees of supply are open.

Non-fertous ore and wetal production in the nnder-
developed areas as a whole is thas likely 1o e threatened
less by the inadequaey ar inferioritv: of resonrees thau
by chanees i demand vesalting from trade bariers or
frovs technolosical advances which pecmil new econo-
niivs b metal nse o new forms of sale titation of mate-

1 e peeos propo-sl Tora s leline ool sadibzation tatens
Vieaeed o tpariny poiee” sl e bpesition o acdht el ene cent
per poutcbon npeated et T e oo the nerket priec tell

Below thi- parins foaved,
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rials. Their relative resource position, indeed. is more
likely to improve than to deteriaate. for so far as
currently exploitable reserves™ are concerned, the in-
dustrial countries have a significant propartion of the
world total only in the case «f lead and zine, and are
notably deficient in the case of such wmetals as tin,
manganesce. chromium and cobalt. Moreover, the staie
of knowledge coneerning unexploited resonrees is fur
more rudimentary, and the chances of future discov-
eries far greater, in under-developed than in industrial
countries,

In general, therefire, the principal consuming coun-
tries as a group at present account for a smaller pro-
purtion «f probable ore reserves than of current output.
The principal exception to this generalization is the
United States, which is both the largest producer of
durable goods—and hence the largest consumner of metals
—and a major producer of many of the metals, possess-
ing importamt ore reserves. The Soviet Union, also a
leading metal produeer as well as a large consumer,
has substantial reserves of most of the ores, Canada
consnmes significant guantities of several of the non-
ferrous metals and is also an important producer, with
major reserves of copper, nickel, lead and zine. Aus-
tralia, whose degree of industrialization results in a rela-
tively high per capita level of metal consumption, is a
majuar produeer and exporter of lead and zinc, of which
it has large reserves. Zinc is also produced in excess of
domestic needs by two of the industrial countries of
Europe, Italy and Sweden, while two of the continent’s
less developed ccuntries, Portugal and Spain, produee
sizable surpluses «f several of the non-ferrous ores, as
does Yugostavia. None of the western LFuropean coun-
tries, hawever, has significant reserves in comparison
with those of Canada or the United States or the less
developed  mineral cconomies  of  Africa and latin
America,

THE PATTERN OF INTERNATIONAL TRADE

IFrom the preceding sections it is evident that the
geographic distribntion of nun-ferrous metal consump-
tion is quite different from that of praduction, The
preponderant part of output is conswned i the indus-
trial ecountries, few of which are significant producers.
If. instead of jast and enreent production, are reseryes
and potential futnre metal production are taken as
criteria, the difference is even more marked. While a
few of the indnstrial cqmtries are important prodneers
of certain non-ferrons metals, all the onder-developed
comivies which prodnce such metals are ipso facto
surphlis conntries and exporters, Some of the prineipal
indnstrial conntries produce Tittde or nething in the way
of non-ferrons metals, and all of them have debicits in

16 Reserves which ave ceonomicolly workable at enrrent costs
o prices wand with existing techmgues of mining and vefiniog,
They one he “measnred™ or “proved™ or just “indicated” o the
cowrse of miming opetations, i o - ander-develaped contry
the balk of s estimated resourees is merely “inferred” frone what
i< kiowa ot the geological strnetnee of the area being minal, or
elses s only “potential” ore,

respect of most of these metals. Even the United States.
despite its large base metal output. has moved into the
category of deficit countries, while the four main con-
sumers of western iorope—the United Kingdom, western
Germany, France and Belgium—rely almost entirely on
external sources for their primary supplies of most of
the non-ferrons metals,

This division of countries into surpins or deficit cate-
gories sets the basic jattern of international rade in
nan-ferrons metals: in general it is a flow from the less
developed to the more developed countries. Within this
basic pattern, the actual flow is governed by a number
of techmical, econonic and historical considerations.

Historieally. the export of mining capital and skill by
an industrial country has usually been followed by the
importation of a large proportion of the ore resulting
from the investment. thus establishing a fairly well de-
fined trade nexus, which, in many instances, has been
made more rigid by the location and ownership of
smelters and refineries for the treatnent of the ore in
question. More recently, the movement of non-errous
metals, as of other raw materials, has been influenced
by changes in the ability of various industrial countries
to pay in specific currencies. In several instances this
has served to reinforce the tendency for trade flows to
conform to earlier investment flows: Belgium draws
much of its own nonderrcus metal supply from the
Congo, for example, and the United Kingdom has tended
t« rely to an increasing extent on sterling sources such
as Australia and the African colonies, at the expense
of Canada and Latin America. Thus, the great increase
in United States demand on the international market
has been aceompanied in the post-war period by a ten-
deney far Furopean demand to concentrate on soft cnr-
rency sources of supply,

One of the resnlts of wardime control was the closing
of the London market and other metal markets and the
replacement of a large volume of private trading by
gavernment purchasing and distribution. This arrange-
ment, which post-war balance of payinents difliculties
and consequent eiftreney contral made it neeessary to
continue, served 1o narrow the narket considerably;
most British transactions were negotiated  directly  be-
tween the praducer and the Ministry of Supply, and the
entive ontput of many mines—those of the Northern
Rhodesian Copper Belt for example—flowed directly or
by way of a German or American refinery into official
stucks in the United Kingdom, The market for tin, a pre-
dominantly sterling commodity, was reopened in 1949,
but the effect of this was offset to a certain extent when
United States Iiving was centralized in the Reconstrue-
ton Finanee Corporation (RFCh earlv in 1951, RFC
control was relaxed carlv in 1952, and the f.ondon
marhet was reopened for lead. another largely sterling
commadity. Later in the vear. for zine at the beginning
of 1933 and for copper towards the end of that vear.
Althiongh the  quantities of metal. especially  copper,
flowing to the exchange were at first somewhat meagre,
and certain restrictions were placed on tran<actions in
order to prevent too great a leakage of dollars, one of
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the cffects of the reopening of a free market was
general reduction in the rigidity of the pattern of trade
that had been established during the war.

In weneral. the flexibility of the trade pattern tends
to vary with the degree of processing to which the
mineral has been subjected before export: ore and con-
centrates which have undergone little beneliciation have
a nnch more restricted market than have refined metals.
Hence. the less developed the country producing the
ore, the greater is its dependence on external sinelting
and relining facilities likely to be. Such facilities may
be operated independently in one of the industrial coun-
tries or may be part of one of the non-ferrous metal
gystems, with central refinery and tributary mines,
operated by the large international companies. By and
large, the movement of most of the alloy metals is more
restricted than that of the ordinary non-ferrous metals,
for as indicated in an earlier section of this chapter,
the main consumers are the technically advanced units
of the steel industry.

Despite a number of monopolistic clements. some
arising from the geographic concentration of the ore
and some from the size and organization of the large
companies, there are strong competitive forces at work
in the non-ferrous metals industry, The producer in an
under-developed country has to compete not only with
producers of the same metal bath iu other under-
developed countries and in some of the industrii] coun-
tries which constitute his market, but also with the
producers of potential substitutes, not least the other
non-ferrous metals, However important it is for the
under-developed mineral economy to maximize its for-
cign exchange carnings from non-ferraus metal exports,
it nsually has little or no control over the market for
its products. Nor does its financial status permit it to
carry large unsold stocks or ta extend lengthy credits
to purchasers. Concentration of the demand. moreover,
tends to increase the dependence of such an ecconomy on
particular markets, magnifying the risk of changes and
fluctvations which it cannot influence.

In the light of this, the expansion of United States
denand takes on a special significanee. The United
States emerged from the Sccond World War by far the
lareest single market. even for some of the metals of
which it had previonsly been a net exporter. The con-
sequence was a considerable shift in the pattern of trade,
increasing very greatly both the relative and the absolnte
flow of metals to the United States,

In 1937 the United States had a copper surplus (re-
fine:l snpply from domestic mines and secondary sources
minus domestic consumption of refined metah) of about
101000 short tons. In 1950 not only was the whole
domestic output eonsumed by industry, which had ex-
panded, but to meet a delicit on internal requirements
of about 212,000 short tons large quantities of copper
had 1o he imported. Over the same interval, the zine
deficit inereased from abont 11,000 short tons to more
than 12,000, while a small lead surplus of 61.000 short
tons was eonverted into a much larger deficit of 221.000,
Over the whole range of non-ferrous metals, requirements

tended to inerease mneh more vapidh than domestic
prodnction. consmmption becomine more and more de-
pendent upon imports, either of ores and concentrates
or of primary metal, In the case of alnmininm, the
United States has become both the Fargest producer and
the largest importer.

Among the major non-ferrons metals, the ditference
between post-war (1917500 and pre-war (1930381 im-
ports into the United States ranged from an inerease of
about 6 per cent in the case of tin and 120 per cent
in the ease of copper to a sixfold inevease in the case
of hanxite and alwnininm, an cightfold increase in the
case of lead and almost a fourteenfold merease in the
case of zine. The expansion of imports of ares of the
minor metals, thomgh considerable, was somewhat less:
it ranged from an eighth in the case of antimony and
cadmium and three-fourths in the case of manganese
to a daubling in the case of nickel. a threefold inerease
in the case of chiromium, a fourfold increase in the case
af tungsten and a sixfold increase in the case of cobalt.

In western Furope the war vesnlted in changes of
the opposite nature. In several countriex —partienlarly
western Germany and ltaly—there was a marked de-
crease in consumption and in mest countries at least a
temporary increase in the use of serap and secondary
supplies available for the most part internally, The
general effect was a significantly lower level of imports
during the early post-war years. With economic reeov-
ery, especially in western Germany, and the exhanstion
of some af the war-accumulated stocks of serap material,
the volume of non-ferrous metal trade tended 1o vise,
but it had not regained the pre-war level by 1950, The
only exception to this generalization amonge the major
non-ferrous metals is alumininm. consnmption of which
has increased wuiversally, and imports of  which into
western Europe in 1949 and 1951 were at four or five
times the 1937 rate,

The extent to which exports from the less developed
countries have heen diverted from western Farope to
the United States is brought out by a comparison of
imports in 1937-38 and 195253 (see table 81, In con-
trast to the marked inerease in imports of all the inajor
metals and their ores or concentrates into the Faited
States, average annnal imports into the principal Furo-
pean consuming comntries were  eencrathy lower in
1952-53 than in the pre-war yeanrs 193758 and o some
cases lower than in the carlier post-war vears 19101
Apart from alumininu imports of which were higher
in most countrics. the only exeeptions to the decline
were copper and lead imports into France. imports of
tin concentrates into
ltalv, Sweden and the Paited Kingdam, “FPhere was no

Seleinm, and zine imports into

poticeable tendeney to tnrn from imports of ore or con-
centrates to imports of primary metal: imports of copper
ore amd concentrates were appreciabby lower i Belgimn
and Taly bt appreciably hisher in western Gernvany
and Sweden, imports of lead ore and concentrates were
lower in western Germany and Mats but hicher in
France, imports of tin ore and concentrates were thwer
in western Germany and the Fnited Kingdom: ot higher
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Tuable 8.

Imports® of Non-Ferrous Ores and Metals into Selected Countries, 1937-33, 1947-48, and 1952-53

(Thousands of metric tons, metal content, except as indicated)

Copper L.ead Tin Zine
Counlry und Aluminium PR e o e e
yeurs (aterage) Ure and Ore and Ore und Ore and
concenlralest  Melal concentrales  Metul concenlrates Metal concentrales®  Melal

United States:

1937-38................ 7.9cd 62.5 1747 36.1 16.84 0.1 70.3 12.5 20.3

1947-48................ 418 79.6°  331.5° 52,0 188.4 34.0 37.7 255.0 75.1

1952-53....... . ... 194,7¢ 100.Y* 4815 120.9 404.1 31.8 78.8 436.4 156.2
United Kingdom:*

1937-38................ 23.5¢ —_ 378.7 0.2 396.3 34.3 8.0 56.44 173.8

1947-48................ 1194 —_ 365.0 0.2 182.0 20.3 0.2 717 160.8

1952-53........oii e 213.3 — 367.7 — 166.0 28.3 2.0 90.5 183.3
Belgium and Luxembourg:

1937-38................ 3841 39.1 227.4 119.6 28,11 6.9 a7 578.1 19.0

1947-48................ 5.3 13.65  190.7 80.8 23.6 11.2 2.2 329.1 5.5%

1952-53................ 12.8 0.9 162.8 116.6 21.3 10.0 1.4 429.1 13
France:

1937-38................ — 01 1140 478 605 0.1 9.8 1786 344

1947-48................ 248 0.5 146.6¢ 62.0 49.3 0.1 9.5 75.7 499

1952-33. . .............. 2.7 — 128.1¢ 64.2 46.8 — 7.0 176.9 266
Germany:

1937-38. ... .......... 14.54 568.2 195,10 134.1 784 2.1 103 & 108.7 76.3°

1947-48Y. . ... o, 10.3 600.0s 17.5¢ —_— 0.7 — 0.5¢ _— 5.5¢

1052-53m= . . .. .. ... .. 9.8 1,106.6 126.9¢ 56.9 13.3 0.3 6.2 64.9 20.4¢
haly:

1037-38................ 034t 30 769 137 9.8 - 4.1 0.1 0.2

1997-48..... 7.4t — 59.31 - 9.1 - 2.0 0.1 2.2

1952-53.....0.cc ot 60O 11710 0.1 9.1 - 2.7 19 45
Sweden:

1937-38....... ... 4.74 08 498 - 229 — 2.4 - 18.8

1947-48.............. .. 11.7 — 446 - 15.8 - 1.5 - 19.7

1952-53................ 149 39.3 452 — 12,6 - 0.7 242
Japan:

1937-38................ 2704 . 74.00 - 82,0 .. 7.6 020  31®

1947-48................ — — 03 2.5¢ — 1.5¢ 15 ...

1952-53.. . cooiin. .. 0.6 30.6 11 1.0 1.8 - 3.5 02 49

Source: Metallgesellschaft Aktiengesellachaft, Metal Statistics: In.
ternational Tin Study Group, Statistical Yearbook; American Bureau
of Metal Statistics, ;earbook: British Bureau of Nonferrous Metal
Statistics, Bulletin (London); and national trade statistics.

* Imports for consumption plus withdrawals from bond.

b Gross weight except in the case of the United Kingdom and the
United States, whose imports are measured as metal content.

¢ lucluding serap.

41938 only.

* Total current imports, metal content.

! Including alloys.

€ 1948 ongf.

b Including zinc dust.

in Belgium. wad imports of zinc ore and concentrates
were lower in Belgium and western Germany but higher
in France, Italy and the United Kingdom.

In Japan. the demand for non-errons inetals in the
posc-war period 1910 to 1950 was far bhelow pre-war and,
in the case of most of the metals, domestic output was
suflicient to sustain the current level of manufacturing
prodnction. Tmporting mueh less than in the years imme-
diately preceding the war, Japan has thns exercised com-
paratively little influence on post-war markets,

ncluding the Saar,
11936

k1937 only,

! British and United States zones,

= Federal Republic.

» Estimated on the basis of 1936 imports and reported shipments
to Japan in 1938,

© Estimated on the basis of the difference between mine and
smelter production.

® Estimated on the basis of the difference between primary con.
sumption and smelter production.

@ 1947 only.

Inercases in demand in some of the less developed
countries, Argentina, Brazil, India and the Union of South
Africa in particular, though large in relation to pre-war
levels, remain small in relation to the requirements of
the industrial conntries. This is also true, though to a
lesser extent, of the demand in those high-incore coun
tries, suclt as Australia and Canada, which have been
developing rapidly and are now significant eonsumers
of non-ferrons metals, In these countries, greater internal
requirements for several of the metals have been met from

!

[
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domedie resources, by inereased production or by with-
prascal of snpplies which wonld otherwise have been
m;x}lul»h‘ for export.

Despite these changes in market forees which have
geeompanied the disproportionate vise in United Ntates
demand on the world market and. to a somewhat smaller
evtent. the inereased African and Latin American supply,
many of the earlier patterns of eommodity movement
lave tended to persist.

Thms. the United States continnes to draw the bulk of
its nom-ferrons metal imports from the Western Hemi-
sphere: more than 90 per cent of its aluminium, zine
and cadmium imports, more than 80 per cent of its copper
and bauxite imports, more than 70 per cent of its lead
and antimony imports, and more than 20 per cent of its
tin imports. The natural attraction of the large ncigh-
bouring market is reinforced by the financial ties arising
from the investment of United States capital in the mining
enterprises of the region, particularly in Bolivia, Canada,
Chile and Mexico, and to a smaller extent in Cuba and
Pero. Many of these mines remain dependent for smelt-
ing and refining facilities on establishments within the
United States, techmical considerations thus tending to
reinforce the economic influences which determine the
flow of trade. In 1952, the proportion of United States
imports of the major non-ferrous metals coming from
“dircet investment companies” (that is, from mines and
smelters controlled by United States investors) was 25
per cent in the case of zine, 55 per cent in the case of
lead, 85 per cent in the casc of copper and 90 per cent
in the case of bauxite and aluminium.”

Among the alloy metals, by contrast, only nickel comes
predominantly from the Western Hemisphere; Africa is
the principal source of the ores of cobalt. manganese and
chrominm, and Asia the principal source of tungsten ore.
This distribution of sources obtained before the war as
well as after, with the one exception that the Soviet Union
was then the main supplier of manganese ore. In 1952,
10 per cent of the chromite and 9 per cent of the nickel
ilnported into the United States originated in direct in-
vesttnent sonrces,'?

Althongh most of the major non-fervons metals con-
tinue to come predominantly from the Western llemi-
sphere, the expansion in total United States requirements
does nevertheless scem to have brought about a :light
tendeney for the proportion of impor s from these sonrees

”.United States Deparniment of Commerce, Survey of Current
Business (Washington, . C., December 1953), page 14.

to dechne, Fhe proportien ol cawlnium cobalt and
copper et~ conting from Canadas for examples was
somewhat Tess in P75 than it was in 1930000 while
the proportion of antimony, leadc e chivomiie and
manganese inports coming from Latin Americachad also
declined slightly, The proportion of United States -
ports coming from ontside the Western Hemisphere has
m this wav tended to inerease for all the non-fervons
metals except aluminium, tin, zine, cadminn and tue; sien.

To a certain extent the movement of ores and concen-
trates to the United Kingdom i< governed in mnch the
came way as United States trade by historical, financial
and technical considerations arising from investment in
mines overseas and internal investment in refining. Do-
mestic refining capaeity, however, is small in comparison
with that of the United States and in relation to internal
metal consumption; hence a mueh higher proportion of
United Kingdom imports is in the form of primary metal.
Whether of ore or of metal, British imports originate
to a large extent from within the Commonwealth: more
than four-fifths of lead and alnminium imports, abont
two-thirds oi copper and zine imports and between a
third and a half of tin imports. Canada is an important
source of all metals except tin: Anstralia supplics meost
of the lead and zine, Northern Rhodesia abont half the
eopper and Nigeria about a third of the tin. Outside
the Commonwealth, the principal source of tin is Bolivia,
where British capital developed several of the mines,
while both Belgium and the United States provide snb-
stantial quantities of copper and zine,

Belgium, which has a large metallnrgical industry and
is an important souree of copper and zine and. more
recently, of tin has no domestic ore produetion. It re-
ceives all ite tin concentrates, three-fourths of its copper
and one-fonrth of its zine from the Belgian Congo, where
it has large mining imvestments. For the rest, it rebies
on Enropean sources such as Ttalv and Sweden, as well
as on the major exporters. Canada and Anstralia,

France produces all its owa banxite and sinee 1950
has resumed its statns as a net exporter of alimininm.
More than three-fourths of its lead imports and a <ignifi-
cant propottion of its imports of zine ore come from
within the French Umon, ehiefly from North Afvica.
New Caledonia provides most of Frenchiimports of nickel
and chrome ores. I recent vears Belginm and Norway
have been among the principal sonrecs of zine metal,
while French imports of copper have come mainly from
the Belzian Congo, Belginm, Chile and the United States.
Malaya and the Netherlands have supplicd mast of the tin.




Chapter 3

INTERNATIONAL CONTROL SCHEMES

A serious economic problem facing the nou-ferrons
metals industry—and hence the under-developed mineral
economies-—has been the wide fluctuation in demand
and price which, as pointed out in the preceding chapter,
has characterized the market for durable goods and their
constituent metals. To a certain extent, integration of
various sections of the industry within large international
companies, by linking mine to smelter, smelter to refinery
and refinery to fabricator, has proLably tended to reduce
the instability of demand and supply for some of the
components of the system. The general instability of the
market has remained, however, and in the case of most
non-ferrous metals, further pretection has from tLime to
time been sought by agreements and combinations anony
the integrated systems and independcnt producers. By
and large these agreements have been desizned to main-
tain price by concerted adjustments of output in response
to fluctuations of demand.

On the whole it nust be concluded that this type of
agreement has not been particularly suceessfol. This
would appear to be partly because of the inlierent diffi-
culty of making such concerted adjustinents rapidlv,
partly because there have always been producers who
were nol party to the agreement and whose output has
on oceasion been large enough to nullify the efforts at
production control, and partly because the members of
the organization have themselves been essentially com-
petitors whose cost conditions were not necessarily iden.
tical and whose assessments of the advantages flowing
from the agreement consequently tended to vary con-
siderably. Low-cost producers, for example, have usually
been the first to break away from cartels, having greater
confidence than other members in their own ability to
cope with free market conditions. Smelters and refineries
with a high proportion of work accepted from indepen-
dent mines on a custon or toll basis, whose revenne
depends upon throughput rather than upoa the market
price of the metal, as well as those witl. high eapital
charges, whose unit costs rise rapidly if output declines,
have also been among the members offering the greatest
resistance to restriction,

In this respect. at least, the distinction is not between
producers in advanced conntrics and those in less devel-
oped conntries: both groups stand to gain by market
stability and higher prices. Restrictive schemes, how.
cver. obvionsly have a potentially more serious effect
upon the non-ferrons metals industry in nnder-developed
countries, since they influence not only the output of

ore and metal and the revenue accruing to the mining
cotpany from its sale, but also the foreign exchange
earnings of the country, the revenue accruing to the
government, the amount of employment and new invest
ment in mining, the rate of opening up new ore resources
and, in gencral, the whole development potential of the
industry. The probleni thus lies in the borderland be.
tween two topics in which the United Nations has 2
special interest: on the one hand is the ficld of restrictive
business practices; on the other is the broad question
of the stability of commodity trade. The present study
is concerned with neither of these subjects, but with the
tmplications for the industry’s development potential of
the attempts that have been made to maintain the level
and stability of non-ferrous metal prices. It is in order
ts throw a little more light upon this aspect of the prob-
ki that the present chapter describes some of the inter.
national schemes under which the marketing and pro.
duction of the major non-ferrous metals have from time
to time been regulated.!

ALUMINIUM

International regulation of aluminium production was
facilitated in the early stages of commercial production
of the metal both by the existence of patents which limited
the right to use the Heroult-Hall technique of reduction
and by the relatively high capital cost and electricity
requirenents of the process. By the end of the nineteenth
century there were four companies cperating in Europe
—in France, Germany, Switzerland and the United King-
dom—and one in the United States—the Pittsburgh Re.

1 Restrictive practices aspects of the problem have been dis-
cussed in Imernational Cartels (League of Nations publication:
1927. 1. 16); International Cartels (United Nalions publication,
sales number 1948.11D.2) and. at greater length, in Supplements
11, T1A and 118 10 the Official Records of the Economic and Social
Council, Sixteenth Session, documents E/2379 and addenda 1 and
2, and E/2380. Information contained in the presenl chapter hax
been derived largely from the following sources: the series of
Materials Surveys compiled for the United States National Security
Resources Board by the Bureau of Mines (1950 to 1953): W. Y,
Elliot, E. 8. May, J. W, F. Rowe, A. Skelion and D. H. Wallace.
International Control of Non-Ferrous Metals (New York, 1937);
United States Federal Trade Commission, The Copper Industry
(Washington, D, C., 1947): United States House of Represenia.
tives, Hearings before the Subcommittee on Study of Monopoly
Power, setial No, L Pan 1, Aluminum {Wachingion, I, C.. Janu-
ary and February 1951); K. E. Knorr, Tin Under Control (Stan
ford, 194515 C K. Leith, J. W, Furness and C. Lewis, ®orld
Minerals amd World Peqce ¢ Washington, D, C., 1943) ; 1. B de
Mille, Strategic Minerals  New York, 19471 : United Siates Tariff
Commission, War Changes in Industry Series, Report No., 14,
Shuminum  Washingion, D, C.. 1946),
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duction Company, later (1917) organized into the Aln-
minum Company of America (ALCOA).

The first alumininm cartel was organized by the four
Furopean companies in 1901 in anticipation of the laps-
inz of the original patents. The Northern Almnininm
Company of Canada-——formed hy the Pittshurgh Reduc-
tion Compaiey 1o exploit the rights it had acquired on
the Shawinizgan Falls—also acceded to the cartel agree-
ment. which was designed to protect the domestie markets
of members, allacate quotas in neutral markets, particu-
farly Germany, and prescribe minimum prices.

During the rapid expansion of demand between 1901
and 1907 seven new companies came into existence in
Europe. The original fonr, however, absorbed the three
larzest of these within a few years (and two others after
the First World War). Nevertheless, in 1908, it was
arain within the cartel rather than eompetition from
withont that cansed its dissolution: there was disagree-
ment over price policy, in partieular, the Swiss and Cana-
dian prodneers favouring higher prices than the French
and British. A few months later the Aluminium Com-
pany of Canada (ALCAN, successor of the Northern
Aluminium Company, the Canadian subsidiary of
ALCOA) entered into an agreement with the principal
Enropean producer—Aluminium Indnstrie Aktien Gesell-
achaft { ATAG)—regarding their export sales, reserving
the United States market to ALCOA (exeept for what.
ever exports from France and the United Kingdom could
snrmount the eustoms tariff). This lasted until 1911,
but in the following year the European cartel was re-
forined with Canadian participation, plants in ltaly and
Norway (the latter owned by the British Aluminium
Company) being added to the total capacity under control.

War brought the second cartel to an end in 1914 and
gave a considerable stimulus to production, especially
in Canada and the Uniied Statcs. In 1926, alarmed by
the growth af North American eapacity, European alu-
minium producers, who had been associated in a price
maintenance agreement since 1923, re-formed the old
cartel, organizing an Aluminium Association with hcad-
quarters in Switzerland and fixing sales quotas in mar-
kets outside North America for what amounted to rather
less than half of world produetion. At the same time,
the French and Swiss companies reorganized their capital,
distributing voting stock in a way inteaded to proteet
them against being bought up piecemcal. Before the full
force of the depression of 1930 to 1933 had increased
the devree of competition within the industry. however,
Alimitiam Limited (ALTED)—a company farmed in
1922 to take charge of the international interests of
ALCOA and ALCAN- had joined the European gronp
in the Alliance Algmininm Company which, controlling
about 60 per cent of the world’s production and prac-
ticallv the whole of the almnininm entering international
trade. andertook to fix quarterly prodoction quotas and
dispose of the surplus stock that had accumulated. In
te inival distribution of qnotas, Canada was given 28
per cent of the total, France 21 per cent. Germany 20
per cent and Switzerland and the United Ningdom 15

per cent cach. ALCOA, not being an exporter, was left
in possession of the United States market. while the
Union of Soviet Sociabist Republies, which had started
producing in 193 agvecd not to dump aldidum abroad.

he 1933 the output of mewmbers of the Alliaee Alu-
miniom Company amemited to about 07,000 1aetric tons
— 18,000 in Gerraany, 16000 in Canada, TLOM i
France, 11000 in the United Kingdom and 7.000 in
Switzerland.  United States production at that time to-
talled about 39.000 wietrie tons. The only other produe-
ing conntries had close links with the cartel: Norway
(13000 metric" tons) where ALTED, the British Al
mininm Company and the Compagnie de prodnits chinri-
ques et électrometatiurgiques Akis Froges ot Cannargne
{CAFAC—the French coneern) owned subsidiaries: Haly
(12,000 metric tons) where AING, the Aereinigte Aln-
minium-Werke and ALTED participated in the control
of three plants: Aunstria (2100 metric tons) where the
Swiss company operated: and Spain €1200 1oetrie tons)
where a small plant controlled by CAFAC and AING
operated belind a high tarifl. Before the ontbreak of
the Second World War brought activities of the Alliance
Aluminium Company to a temporary halt, alomininm
production had commenced in Sweden (by an - alliliate
of the British  Almniniom Company), Japan  (where
ALTED had built a plant in 1934), Hungary (in 1938),
Yugaslavia and Taiwan (in 1938) and Manchuria (where
a Japanese plant i come into operatien in 19309,

In 1931, Germany withdrew from the Alliance Aln-
minium Company, but, thengh refusing to limit prodne-
tion, agreed to restrict exports in conformity with cartel
quotas. In 1936, in order to enforee these quotas, the
cartel intraduced a system of fines for excess production,
but demand for aluminium was rising and when, shortly
afterwards, rearmament progranmes got nnder way the
need for restriction disappeared,

In the post-war period more emphasis secms to lave
been placed on expanding markets than on enrtailing
produetion: with new uses for the metal and new methods
of working with it, and the consequent increase in hoth
military and civilian demand, the period has been one
of expanding capacity. Compared with the 1939 output
of about 630,000 metric tons (excluding that of the
USSR) world primary aluminimn capacity at the end
of 1951 was more than 2.5 millioe metrie tons, Of this,
however. not mueh more than FTLODY tons was ontside
of Noith America and Enrope, and nnder 30,000 tons
was in the under-developed conntries of Africa. Asia tex.
chnding mainland Chinay and Latin: Awerica. Fhrongh-
ont the period nnder review the predominanee of a lew
large concerns ha- tended to facilitate international con-
trol over production and price policies, whether ona
formal or an informal hasis.

Carpen

In the period between 187G, when the ineandeseent

lamp was invented (amd totad copper ontput was of
the order of 150,000 etric tons a veard, and the herine
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wing of the First World Wae twhen ontput had inereased
to o million tons o veavis the ehiel international aspeet
of the orcanization of the industey concerned relations
between the markets of Europe and the rapidly expand-
ing production of the United States, dominated jnereas-
el by o fow large anining eronpss 1 owas not nntil
United States companies hegan exploiting Chilean copper
ore resourees, during the war. that an mder-developed
country became invohed in the
markel as an important producer.

international copper

A price decline which had commenced in 1913 was cut
short by the war and the consequent upsurge of demand.
which stimulated an increase in prodnction to the record
level of 1.5 million metric tons in 1917. This was made
possible by the rapid expansion of copper mining in
the Western Hemisphere, where capacity increased by
abont two-thirds during the period of the war. It was
at this time that the flotation process of concentrating
ore—evolved, incidentally, in the relatively under-devel-
oped country of Anstralia in 1910—was being introduced
into the United States to the very great advantage of
non-ferrous metal production in gencral and copper pro-
duction in particnlar.

In Chile, investment by two large United States gronps,
the Kenuccott Copper Corporation (Guggenheim) and
the Anaconda Copper Mining Company, resulted in the
development of three major mining concerns—the Braden
Copper Company, the Chile Exploration Company and
the Andes Copper Mining Company. This not only made
Chile the world's seeond largest producer, but also in-
creased considerably the relative importance of United
States concerns in the world copper market. By the end
of the war Enropean production had fallen far behind,
in Africa ontput was on a very small scale, Asian pro-
duction was confined largely to Japan. and Canadian
production was lower than that of cither Mexico or Peru,
where United States concerns had also been busyv. In the
United States, which accounted for almost two-thirds of
world output, three-fonrths of the production came from
16 mines and almost two-thirds was under the control of

siv finavcial groups. The process of consolidation had
been srreatiy assisted by virtnally pnlimited demand and
high wartime prices which, while Keeping a mmnber of
ligh-cost marzing mines in operation. had enabled low-
cost producers, especially the vorphyey mines in the
United] States and the new Chilean mines. 1o carn large
profit and accumalate substantiol reserves.

By 1918, however. high war-time production had alse
resulted in the aceimnulation of large stocks in the hands
of producers and govermnents, and for the first time
snpplics of scrap became a significant threat to new
production. Ostensibly to help in the liquidation of these
stocks, the Copper Fxport Association was formed by
major producers in the United States at the end of 1918,
under the Webh-Pomerene Act. Production by members
of the association was immediately restricted and later,
in 1921/22, almost all member mines were closed for
cight months. The consequent decline in production, to-
gether with occasional strikes during the post-war period
of wage adjustment and the gradual recovery of domestic
demand as the price of copper fell, served to clear surplus
stocks from the association’s pool.

Exports had played little or no part in the stock redue-
tion: the principal markets in Furope had their own
surplus problem and were more seriously affected by
scrap ac-umulation than the United Siates. Indeed, dur-
ing the first two years of the association’s existence.
when it controlled about two-thirds of world copper out.
put, its attempt to maintain a high price, sct early in
1919 at 23 cents per pound, but actually averaging about
19 cents during 1919 and 1920, resulted in the accumu-
lation of no less than 191,000 short tons of copper—
almost as much as the 200,000 short tons placed in the
export pool early in 1921 It is not clear at what price
the pool stocks were actnally sold, hut since the London
price dropped to an average cquivalent 1o about 12 cents
and the New York price to an average of about 13 cents
during 1921 and 1922, the liquidation involved a con-
siderable sacrifice in price as well as a decline of about
100,000 tons in 1921 production,

Tahle 0. Copper Production,” 1919 to 1923

Meranbers,
Copper Expurt 4 sociation

Nen-members

Other Other World
ttem and year Enited States  rountries Erited Nates countries® total®

Amount (thousands of short 1ons):
1919 ... . A8 162 67 303 1071
1920 ... o, 352 182 81 265 1.083
1921 o e, 162 65 77 298 602
1Y e 416 148 %6 337 996
23 e, 641 242 113 426 1.412

Per cent of torel :

M9 ., ve M3 151 6.2 28.3 100
1920 St 6.8 7.8 244 100
W2 s 269 10.8 128 49.5 100
1922 . 4.8 1ty 96 338 100
1923 5.4 e} 84 0.2 100

Sowrce: United Siates Federal Trade Commis-
sion. The Copper Industry,

* Metal contem of ore,
" Excluding the Union of Soviet Socialis Republics,
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\part from the United States concerns which were
micmbers ol the association. several United States eom-
panivs operating in other conntries were also involved
becau=e their ontput was sold through members: two
Canadian concerns, Granby  Consolidated Copper Com-
pam and Towe Somnd Copper Company: two Pernvian
companies, Backus and Jolnston, and Cerro de Paseo
Copper Corporation: as well as the Boleo Mining Com-
any ol Mexico and the Braden Copper Company of
Chile. In ceneral. however, production in these mine:
thouch following the sanre trend as United States domestic
prothiction, was not restricted to quite the saine extent.
Mines outside the United States not under the eontrol
of the Copper Expert Association showed a deercase in
production in 1920 but a rising trend thereafter; in 1921
thev provided almost half of the world’s reduced copper
supply (see table 9). Though their relative importance
declined, in absolnte terms their output showed a sub-
stautial increase in 1922 and 1923, In relation to 1919
output, however, the largest gain was registered by inde-
pendent mines in the United States. Compared with 1919
output, indeed, which for the association’s United States
mewthers already represented a one-third cut from 1918
levels, production in 1923 showed that United States
members had lost ground both to mines in other countries
and to independent domestic mines. Morcover, the mem-
bers’ share of United States exports actually fell—from
03 per cent of the total in 1921 10 54 per cent in 1923.
In 1921, when some of the larger interests, including
the American Smelting and Refining Company and the

Kennecott Copper Corporation, withdrew, the association
ceased to function.

Perhaps most disturbing 10 established produccrs was
the fact that development in the Katanga fields of the
Belgian Congo, stimulated by the high prices resulting
first fram the war and then from the policies of the
Copper Export Association, was beginning to yield large
tonnages of high-grade ore. Ontput, which had amounted
to barely 6,000 short tons of copper in 1913, reached a
war-time peak of 30,000 tons in 1917 and in the post-
war period rose from 21.000 short tons in 1920 to 99.000

tons in 1925, making the Belgian Congo the third largest
producer.

It was the threat of new produetion of this nature
which led United States concerns in 1926, in their second
effort to strengthen their position and stabilize prices at
a hich level, 10 inclnde a larger number of mines and
fncliers operating outside the United States. Technically,
the relative strength of United States produeers was
greater on this occasion than it had been immediately
alter the Virst World War. 1n 1923 an impartant advance
bad been made in the flotation process for separating
ot Tron gangne: by means of certain chemicals— sodium
xinthate and sodinm evanide. in particnlar --a method
of ~clective separation had leen evolved, sa that after
the requisite degree of milling it became possible to
geparate not only the main ore but alsa subsidiary ores.
Material which previonsly had been penalized by smelters
and refiners by reason of its contamination with second-

arvores now acquired anaslded valine in y-peedaoets,
The new  Beneliciation techmipue was soou applicd
thronghout the won-ferraus metals fichl, and <imee it was
of particular advanta_e o the treatment of ares vweanlting
from noneseleetive mininz. the copper industey Lenetited
considerably, especially in the western aveas of the 1 nited
States,

I addition to the dominant United States groups. the
orgimiization established in 1920 Copper Fxporters, Ine.
—inchded representatives from Canada ¢ Arseviean Metal
Company of Cavada. Limited ), Mexico (Greene Cananea
Copper Compauy), Chile ¢ Andes Copper Mining Com-
pany and Chile Exploration Company), the United King-
dom (llenry Gardwer and Company, Limited aud the
British Metal Corporation, Limited), Spain (Rio Tinto
Company, Limited), Gerinany (fonr large smelters),
Belgium (Soeiété générale wétallurgique de Toboken)
and the Belgian Congo (Union minicre du Hant Katanea).
Thesc so-called “forcign as=aciates™ were not full voting
members of the cartel but hecame members of its Brussels
committee and supported its objects by negotiating con-
tracts with it.

At the height of its influence in 1928, Copper Fxport-
ers, Inc.,, controlled almast 80 per cent of the world
copper output, eonsiderably ove than its predecessor.?
This control cominued during the boom year 1929, hut
with the collapse of demand in 1930 and the decline in
the average price, from about 18 cents a ponnd i 1929
to about 6 cents in 1932, the authority of the cartel hegan
to evaporate, and it became diflienlt to enforee curtail-
ment of output ou producers autside the United Stntes,
Although, in November 1930, Union miniére dn Hant
Katanga was persnaded to agree bilaterally, first with
the Compagnie francaise des mines de Bor of Yago-
slavia and then with the Chilean mines of Aunaconda
Copper Mining Compauny and Kenneeott Copper Corpora.
tion, on a mutually satisfactory degree of restriction, the
reduction was proportionately less than the relative iin-
portanee of these mines in current ontpit, and it was
United States producer wembers who bore the brant of
the cut-back in production; between 1928 and 1931 their
share of world ontput declined from 17 to 32 per cent
while the share of “foreign associates™ of the cartel rose
from 15 to 21 per cent and that of independent prodncers
from 15 per cent to 22 per cent (see table 100,

The cartel managed to hold the price at abowt 18 cents
per pound mntil well into 1930, At this figure demand
was substantially below the current level of outpnt, and
by the end of the year stocks had visen to very high
levels.* Over and above the tewdeney for producers ont-
side of the United States 1o maintain their ontpmt at
approximately  1927.203
efforts of the cartel enconraged considerible expansion

levels, the price  maintenanee

= Paited States Federal Trade Conmmi-<don. The Copper Industry,
page 214,

“ Normal <lock- were cansidered 1o be abiout two manth" copply,
Stocks al the end of 1930 represented sapplics tor abont eipin
months a1 1930 rates of cononmption, 12 manth- s 1931 rates il
almost 22 momhs o1 the 1932 rute of cansumption.
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Taeble 10. Copper Produetion,” 1927 to 1931

Members, Copper Exporters, Inc.

Non-members

United States

Item and year

companies

Other
companies

ti erating oth World
(;{)?‘rg't,::g Oimﬂ" United Stales wu:u:irﬂ" totnarl b
Amount (thousands
of short tons):
1927 . oo Cireseras 795 334 299 53 203 1,683
1928 ... ...l PN 884 403 338 52 217 1,894
1929 .....iiiiiieiian, reeses 968 441 395 58 256 2,118
1930 ... e iiseiieeenns 647 319 413 64 292 1,735
1931 ...oovviennne, Ceveerene 479 322 354 45 287 1,488
Per cent of total:
1927 .. ool ceeeee 47.2 19.8 178 31 121 100
1928 . Ceeees 46.6 213 179 2.7 115 100
1929 .. i i ittt 45.7 20.8 18.7 27 12.1 100
1930 .... .. Cee i eesersarasas 37.3 18.4 23.8 37 16.8 100
1931 ..o, Ceeeenias 32.2 21.7 238 3.0 19.3 100
Source: United States Federal Trade Commis. * Metal conient of are.

sion, The Copper Industry.

of Canadian production, which had just begun to bencfit
from the introduction of the differential flotation process
that made possible the economie exploitation of copper-
nickel and eopper-zine ores. The first electrolytic refinery
in Canada was built at Copper Cliff in 1930 (with a
capacity of 168,000 tons a year) and a second refinery
was opened at Montreal East in 1931 (capacity, 112,000
tons a year), the former by the International Nickel
Company of Canada, Limited, and the latter by Noranda
Mines, Limited.

More intensive exploration of the Northern Rhodesian
copper ficlds was also encouraged by the policy of high
price and restricted output that the cartel seemed to
European consnmers to be pursuing. Aetive develop-
nient commeneed in 1929 and production began to rcach
significant proportions in 1932. Negotiations between
the Rhodesian producers and the cartel had been pro-
ceeding for some time, but the latter would not agree
to the mines’ request for a quota based on potential
rather than actual production. With their development
programme well under way, the Rhodesian mines refused
to submit to the proposed restriction of output and this
deadlock marked the end of the effective authority of
Copper Exporters, Inc. When the cartel price finally
broke, it rapidly followed the free market price down-
ward; the restrictive contracts, which in March 1932 had
fixed quotas at 20 per cent of 1929 capacity, ceased to
be operative aud, following the imposition in May 1932
of a duty of 1 cents per pound on imports into the United
States, most of the “foreign associates” withdrew, This
brought the cariel to a virtual end though it was not
formally disbanded witil early in 1933 when the United
States wembers resiened. By this time Canada and
Northern Rhodesia vanked thivd and fourth as eopper
producers. not very far behind Chile and well above the
Beleian Congo.

The vears 1931 and 1935 were marked by slovly rising
prices and inercasing production from all five major

* Excluding the Union of Soviet Socialist Republics.

sources. 1n the United States the copper industry was
liquidating excess stocks and, behind the prohibitive
1932 tariff, working out a code of operation under the
National Industrial Recovery Act. This was the back-
ground against which another attempt was made to or-
ganize an international cartel, this time primarily among
new producers. The inincs involved were all in under-
developed countries: three Rhodesian companies (Rho-
kana Corporation, Limited, Mufulira Copper Mines,
Limited, and Roan Amntelope Copper Mines, Limited);
the Union miniére du Haut Katanga in the Belgian
Congo; the Braden Copper Company, Chile Exploration
Company and Andes Copper Mining Company in Chile;
and the Greene Cananea Copper Company in Mexieo.
Associated with this group were the Compagnie fran-
caise des mines de Bor in Yugoslavia and the British-
owned Rio Tinto Company, Limited, in Spain. Canadian
produeers eo-operated but did not formally participate.
No United States domestie mines were directly involved
but, besides the participation of the Anaconda Copper
Mining Company and Kennecott Copper Corporation
through their Chilean intcrests the American Metal Com-
pany, Limited, was also concerned by reason of its hold-
ings in the Rhodesian Selcction Trust and in the Inter-
national Nickel Company, the largest Canadian pro.
ducer. In the opinion of some analysts it is not unlikely
that the cartel was assured that there would be no great
increase in United States exports,* In these cireumstanees
the cartel exercised direct control over about one-half
of the production of copper ontside the United States and
the Union of Soviet Socialist Republies.

1in fact neither the Kenneeont Copper Corporation nor the
Anaconda Copper Mining Company exported any doly-free copper
between mid- 1935 and mid-1938, and United & tales exports were
maintwined at a fairdy fow level by the Phelps Dodge Corporation,
the Ameriean Smehting ard Refving Company and 1the American
Meovd Company, Bimned: 126,000 <hort 1ons in 1934, 91,000 in
1075, HL00 e 1936, 63.000 in 1937 and 126,000 1ons in 1938
(United Sttes Federai Trade Commission, The Copper Industry.
page 239).
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Table 11.  Copper Produetion, 1935 to 1938
Conlrolled by international copper cartel Indeperiddent produeers
Item and year : Worlds
Belgian Northern {ndded Other {olil
Congi® Chilet Mericoe Ithodesiot Vugoslarin® Total! Slulrs conritrivse
;-lnzx»:4rzt (thousands of
short tons):
| L1 T t1o 273 21 iot 13 620 Rt tl7 1.ol8
0. 105 250 16 155 13 ) QK (0 (R
1037, . 166 419 22 234 13 8RO 812 T84 AR Y
038, - 137 370 16 237 46 792 a0 BR{Y 2188
Per cent of total:
O35, oo T4 16.9 1.3 10.t 2.7 R 38,2 100
1936, . ... ..o 5.7 13.8 0.9 8.4 2.3 RN A0 100
1037 . 6.6 16.7 0.9 9.3 1.7 REW KR 32 100
1938 ... ... 6.3 17.2 0.7 108 2.1 36.2 25.5 18.3 100

Source: United States Federal Trade Commission, The Copper
Industry, page 241,

s Union mini¢re du Haut Katanga,

b Braden Copper Company, Andes Copper Mining Company and
Chile Exploranon Company.

¢ Greene Cananea Copper Company.

Immediately after its formation in 1935 the cartel cut
its members’ production quotas by 20 per cent. A further
ent of 135 per cent reduced the share of cartel members
in world output from 38 per cent in 1935 to 31 per cent
in 1936 (table 11), United States production showing a
marked increase. Increasing consumption during 1936
was met largely from inventories, which by the end of
the vear had been drawn down to extrcmely low levels,
In the face of these market conditions, quota restrictions
were relaxed in October 1936, and again in November,
and were removed completely in January 1937, but not
sonn enough to prevent panic buying from driving the
copper price up to 17 cents per pound, after a steady
increase from the low level of 7 cents which had obtained
when the eartel was inaugurated. However, the expan-
sion of production which followed the withdrawal of
restrictions brought the London price down to the equiva-
lent of 9 cents per pound and, after being held at 13
cents for several months, the New York price also fell.
Falling demand and renewed stock accumulation led the
cartel to rcimpose restrictions in December 1937, These
were tightened in July 1938, relaxed during the last
quarter of the year and reintroduced in January 1939.
They remaincd in force until the outbreak of war, when
the London market was suspended, the distribution of
copper in the United Kingdom taken over by the Govern-
ment and the cartel dissolved.

In some respects war-time controls were far more rigid
than those devised by the cartels which the industry itself
had previously organized. Governments (especially those
of the United Kingdom and the United States) were in
a monopsonistic position; they distributed all copper
supplies, fixing prices more or less in accordance with
vosts which, by reason of wage and price controls, were
Cim=elves lareely predetermined. The bulk of the copper
output was bought at a fixed price based on designated
pre-war standards, while marginal supplies were encour-
azed from higher-cost producers at premium prices nego-
tatesd maine by mine,

4 Rhokana Corporation, Mufulira Copper Mines, Luniied, and
Roan Antelope Copper Mines, Limited.

* Compagnie francaise des mines de Bor.

t Excluding the small outpui of the Rio Tinto Company, Limited.

8 Excluding the Union of Soviet Socialist Republics.

Although controls werc relaxed in the United States
late in 1916 and in varions western Faropean markets
during the years that followed, the United Kingdom
Ministry of Supply coutinned to act as single Inver and
importer of copper, regulating both price and distribu-
tion within the United Kingdim., Follewing the ontbreak
of hostilities in Korca in 1930, moreaver, there was a
general reimposition of the type of controls employed
during the Second World War, hoth price and use being
regulated in most of the important consnming comitries.
Although international controls wrre not reintroduced
along the lines of the war-time Combined Raw Materials
Board, in mid-1951 the International Materials Confer-
ence began making recamnendations concerning  the
equitable distribution of varions scarce materials, copper
among them, and from the fourth quorter of 193] 1o
the first quarter of 1953, iuternational trade in copper
followed the lines laid down in the recommended allo.
cations. This continuation nf control, added to the fact
that the demand for copper remained very active, tended
to distingnish thc market in the first post-war decade
from that of any earlier peviod of camparable dnration,
Even after the recopening of the free market in Londan
in mid-1933, the price of copper, thongh dropping tem-
porarily by about 12 per cent, remained firm at a coni-
paratively high level.® Reconstrunction and developiment
programmes, with their emphasis on increased eleetrifiea-
tion, have been the main infloences hehind the sustained
demand for copper; in 1951 world ronsnmption was 23
per eent above the 1918 Tevel and 57 per cent above the
1938 level.

During the first 75 vears of the electrical cra the eve
Intion of the international copper market was niarked
by a sequence of events, the essential economic features
of which were repeated from time o time on s widening
ceale: the achioverent of covtrol aver prodintion by a

“ The index of the price of electralitie oopper on the Towdon
market in recent year- (1050 100 L moved o= fallow -0 1001

123, 1952, V6 153, TH; 19OL 1s90 and 1950, fir Lioddt, 1oL
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dominant company or eroup ol companies, an attempt
at price maimtenanee, n=ially checked by the opening of
new sonrces of snpply, followed by a reorganization of
producers for another effort to control the market, Thns,
within the United States, the consolidation of the iin-
portant Michizan mives under the Calumet and Hecla
Mining Compamy in the eighteen seventies was followed
by the opening up of the Montana deposits. By the
cighteen nineties Montana had become the leading world
producer, hut the consolidation of the Montana mines
carly in the present century under the company later to
be known as the Anaconda Copper Mining Company led
directly to the exploitation of the porphyry ores of Utah
and Arizona and the emergence of the organization that
in 1917 DLecame the Phelps Dodge Corporation. High
prices during the First World War encouraged the exploi-
tation of Chilean ores, bringing into the picture the
Guggenheim Lxploration Company working through the
Kennecott Copper Corporation, which had been organized
in 1915 to operate rich but shallow mines in Alaska.
Early post-war attempts by the three principal copper
mining coneerns—Anaconda, Kennecott and Phelps
Dodge—to regnlate the export market scrved to stimulate
the development of the Katanga deposits in the Belgian
Congo.

The next attempt to control the international market,
organized in the second half of the nineteen twenties,
included Katanga and other interests outside the United
States, as well as the Latin Amcrican affiliates of the
“Big Threc”, but the price policy of this group helped
to turn Canada into a major producer and to bring about
the exploration and opening up of the Northern Rho-
desian Copper Belt. With the collapse of the cartel, copper
prices fell to their lowest recorded figures.

The third attempt at international control, in which
the “Big Three” were rather more passive, was cut short
by the Sccond World War, but in the four or five years
of the cartel's operation it was not very suecessful in
eliminating or reducing price fluctnations by planning
levels of produetion. Siznificant in the present context
is the fact that this organization was based largzely on
African and Chilean mines —a recognition of the degree
to which these new producers in less developed countries
had become imtegrated into the international industry.

The desire for price stability remains strong. In the
United States in the post-war period, the high degree of
ecopomic integration which characterizes the copper in-
dustry has Tacilitated  the maintenance of lower and
steadier prices than these determined on the freer mar-
kets of Furope. In relation to the war-dime parity of
011 to BOES, the average 1951 price was 250 per eent
higher in the United States and 100 per eent higher in
the United Kinsdom, Siuee 1930 the United States priee
has risen by suecessive B-cent inereases. from 21 cents
to 36 cents a ponnd: on the London Metal Exchange.
since its reopening in mid-19550 prices have experienced
violent shortterm Buctnations but in general have been
appreciably higher than in New York, It is significant
that in Mav 1955 two of the principal sellers on the

London  market—the  Northern Rhedesian  companies,
Roan Antelope Copper Mines, Limited, and Mululira
Copper Mines, Limited-—olfered to provide copper to
fabricators in the United Kingdom at a price not only
fixed for a loneer period, initially one month at a time,
bt also markedly lower than the current quotations on
the London Metal Exchange. The fact that several large
manufacturers entered into contracts on the basis of this
offer indicates that consumers may also be prepared to
forgo the benelits of a free market in order to obtain
a more stable price. In the background lies the faet that
the copper industry has to meet the competition of the
aluminium industry which, by virtue of its even higher
degree of integration, has always been able to maintaih
a greater measure of price stability and in recent years
has in addition offcred a greater relative price advantage.

LEAD

Fromn the point of view of international organization,
the lcad industry is much less eclosely integrated than
eithcr the aluminium industry or the copper industry.
This is not only becausc of the wider dispersion of lead
mines—and smelters—but also because of the greater
relative importance of serap, whose origin is much more
diverse. Furthermore, fabricating as such is much less
important sincc, as indicated in the preceding chapter,
a large proportion of lead passes straight from the re-
finecy to chemical, automobile, petroleum and other
consuming industries, without intcrmediate rolling, ex-
truding or other forms of proccssing. There is conse-
quently much less opportunity for vertieal integration
within the industry.

Both the wide dispersion of primary lcad production
and the widesprcad and inereasing availability of sec-
ondary lead have tended to rcduce the chances of success-
ful international control. As a mineral usually produced
jointly with zine or silver, moreover, the supply of lead
has Dbeen very responsive to changes in the demand for
thesc other metals and hence not casily controllable by
itself. With rapid price fluctuations presenting a constant
challenge, however, dificulties in the way of international
regulation have not prevented attcmpts at such regulation.

One of the earliest was organized in 1909 by Spanish,
Belgian and German producers in co-operation with
United States and Australian suppliers of the Furopean
market. This International Sales Association for lead
attempled to prevent competition by dividing up the
market, but its power was limited by the large number
of independent sourees of supply, After a good deal of
instability in 1907 and a marked decline in 1908, prices
on the New York exchange vemained fairly stcady dur-
ing the period 1909 to 1913 though the United States
market was not directly affected by the cartel. In con-
trast. as indicated in table 12, there was a substantial
rise on the London exchange. where European market
conditions were reflected. This was chiefly the result of
inereasing demand, however, for lead produetion was
not enrtailed; indeed. during the life of the International
Sales Association ¢that is. until the outbreak of the First
World War) total output tended to rise.
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Table 12.

Indices of Lead Produnetion and Prices, 1907 to 1910

(1907 = 100)

) Fluctnations en New Vork prices
Arveraye price

Year l:r«:«ll::tr'll;fm' New York London IE'f;‘ :-“rl:t ‘:‘*.I" llilr,-':!:l;r}‘f-f Il:"{";:l:";. r‘n'x.lm
{ow price arerage price L prwee
1907, 100 100 1oy Lio e 100
T8 104 e 71 11l 10 b
OO0 Y 80 08 oy 107 00
OO, 1 81 08 103 106 oh
| K0T PP 1t 83 3 101 o2 1
Ol 17 84 91 11 113 T
| 1C 150 7 1o 82 a8 108 N 1
IOV 11 72 100 100 106 =1
|51 P 109 88 120 125 A a7
010, e 112 129 105 311 1 70

Source: American Bureau of Metal Siatistics, Yearbook, 1954 (New
York, 1955).

During the war a certain degree of control was exer-
cised hy the Allied Governments but prices rose con-
siderably. Total production remained fairly steady, a
decline in Spanish and Mexican output being offset by
an expansion of lead mining in the United States. Re-
fining facilities in Belgium and Germany not being
available to the Allies, the largest Australian producers
—Broken Hill South, Limited, and North Broken Hill,
Limited—developed a major smelter and refinery at Port
Pirie. The post-war market was saved from a major
price recession, such as might have resulted from the
arrival on the market of accumulated supplies of lead
scrap, by an expansion of civilian demand—occasioned
to a great extent by the increased output of motorcars—
and by a decline in the mine production of lead between
1919 and 1923 to rates below any prevailing during the
previous decade.

Wider adoption of the technique of selective flotation
began increasing lead resources during the nineteen-
twenties, and output expanded steadily after 1922, De-
mand remained active; the average annual price recorded
in 1925 was the highest attained to that time—not sub-
sequently surpassed until 1947. By 1928, however, the
average price had declined 30 per cent below the 1925
level, and a second and more comprehensive organiza-
tion was created to attempt to control the market - n an
international basis. Members of the International Asso-
ciation of Lead Producers, forined by producers in the
principal western European countries (Belgium, France,
Germany, Italy, Spain and the United Kingdom), in
association with newer producers in Australia, Burma,
Canada and Mexico, were responsible altogether for just
over one-half of world production.

The association at first confined itsell to statistical
matters but in 1929, when lead production reached a rec-
ord level that was not exceeded until 1952, Mexican and
United Kingdom interests entered into a marketing agree-
ment, Output was reduced, though not to the extent
necessary to prevent a further decline in price, and in
April 1931, the association imposed a 15 per cent cut
oun the basis of members’ average 1930 production. The

* Excluding that of the Soviey Union,

cut was increased to 20 per cent in July, bnt demand
was declining even more rapidly and prices continned
to fall. In 1932, ontput was about 31 per cent below
the 1929 peak, but the average price had declined by
more than 53 per cent. An increase in economie na-
tiomalism, manifested in antarkic policies in some of
the European countries, and a 10 per cent dnty imposed
on foreign lead by the United Kingdom, combined with
the disruption of normal marketing hy currency devalu-
ation to bring about the dissolution of the assoctation
in 1932, Interchange of statistics was contimed nntil
1934, and a certain degree of “derived” control was
exercised aver the lcad industry by virtne of its associa-
tion with the zine industry, which remained mder a
cartel.

It is impossible to separate the effects of cartel action
from all other influences affecting the lead industry
during this period. In general the decline in prodnce-
tion between 1929 and 1933 was markedly less among
menibers of the association than antong non-members,
This was due largely to the collapse of United States
vutput (tahle 13). Within the cartel, Aunstralian produne-
tion actually increased with the opening up of the Mount
Isa mine, while only Mexico and Spain sulfered serions
decreases in output. In hoth these cases the lead indus.
try was largely in forcign hands; Spain’s cnslomers in
western Europe reduced their imports considerably, while
Mexican exports to the United States practically ceased
in 1933, production dropping to less than half the aver-
age 1927-30 rate,

In Mexico there was no govermnent snpport for the
industry such as there was in a nnmber of other pro-
dncing countries and it is possible that the American
Metal Company. Limited, and the American Smelting
and Refining Company. the two principal coneerns in
the mining and the smelting of bead, were prepared to
el Mexican ontput fall as a means of assisting their
other tead properties among which was the expanding

6 This was the opinion of A Skelton, in International Control in
the Non-Ferrous Metals, page 632,
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Momnt Esa mine in Austealia. In any case, the decline
in the price of silver during this period—from an aver-
age of over 55 cents an onnee in 1928 to an average
of less than 28 cents in 1932—reduced very substantially
the profitability of many Mexican mines, and with United
States demand at a very low ebb and an empire prefer-
ence scheme operating on the United Kingdom market,
Mexican lead producers were not in a strong position to
compete for markets.

In 1935 some of the major United States producers,
including the American Smelting and Refining Com-
pany. entered into an informal agreement with British
intcrests in Australia, Canada and the United Kingdom
not to increase lead production without prior mutual
consultation. However, this did not prevent a fairly
steady expansion of output between 1933 and 1940,
partly under the influence of an increase in the demand
for silver. Prices also began rising again, climbing
steadily until 1937, when a sudden spurt raised the
average to almost double that of 1932,

A marked sethack in 1938, however, led to the forma-
tion of another international cartel—the Lead Producers’
Association—representing about two-thirds of world pro-
duetion outside the Union of Soviet Socialist Republics
and the United States. Members included the major pro-
ducers of Australia and Canada as well as the less
developed countries, Argentina. Burma, Mexico, Peru
and Yugoslavia, the United States bheing involved only
indirectly through the foreign subsidiaries of such con-
cerns as the American Smelting and Refining Company.
The declared object of the new association was to in-
crease prices by restricting production. The initial eut.
back was one of 10 per cent. and members agreed to
keep supplies off the market if the price fell helow £15
a ton. There was in fact some recovery in 1939 hut
rearmament  demands raiber than eartel policy were
probably responsible, and the ontbreak of war brought
the assoeiation to an abrupt end.

The Second World War saw the reimposing of gov-
crnment control and. as in the case of copper, price
ficezing and arge-scale  government purchasing, The
United States entered into agreements with producers
in Bolivia, Mexico and Peru, confining lead sales to the
Western Hemisphere and the British Comnonwealth and
#uarantecing a fixed price, The United Kingdom Min-
istry - of  Snpply  negotiated  long-term contracts with
tajor Commonwealth suppliers. World production, how-
ever, declined steadily between 1910 and 19106, inereasing
again only with the rehabilitation of European and
North Afvican mines and the withdrawal of priee con-
trols in the nited States, The onthreak of hostilities in
Norea bomght o renewal of sovernment control. but lead
supplies vemained such that the International Materials
Conference considered it unnecessary to make recom.
mencdations coneerning their allocation, By October 1932,
supplies from other than dollar sairees were dermed o
be snflicient to allow the reapening of the London Meta!
Fxelimge, for the Tast time sinee 1939, During the first
postwar decade the highest average price was registered
191 an the New York market and i 1931 on the

London market. I the face of vising world production,
prices weakened sienilicanth after 1931, Marginal pro
dneers agzain began secking protection. Tn 1951, when
world production was about 77 per eent above the [0t
level. the United States strategie stockpile was nsed 1o
absorh an additional fraction of domestic ontput and
thus prevent farther pressare on the market price. In
Europe, more active demand restored lead prices to the
1950 level during the vear and continned Brmmess in
the first half of 1955 removed, at least for the time heing,
any need that producers might have felt to reorganize
formal international control.

TiN

The first scheme for controlled marketing of tin was
organized by the Government of the Netherlands 1oast
Indies, in co-operation witl Malayan producers. This
was immiediately after the First World War when, under
stress of excess stocks accumulated during the war, the
Bandung pool was formed to withhold vew tin from
the market so that prices might | ¢ maintained as stocks
were liquidated. The pool successhully achieved ita lim-
ited objective, but a decline in demand in 1921 and
1922 brought prices down from the high levels maintained
in 1219 and 1920, Between 1922 and 1020, however,
prices again rose steadily, reaching peace-time records
under the inlluence of rmmonrs of impending shortage
and a very active demand. Daring this period there was
considerable new investnent, especially in the form of
dredge installation. particularly in Maliva, where the
newly formed Anglo-Oriental Mining Corporation opened
up a numler of areas, raising the capacity of the in-
dustry to more than 220,000 tons a vear, There was
also a large mnonnt of speculation in the shares of tin
mining companies, and this was the period of some of
the major company amalgamations,

The new capacity was never fully utilized. however,
for demand hegan to recede in 1928 and prices started
moving  downward. In 1929 the principal companics
operating in Burma, Malaya. Nigeria and ‘Thailand me
in London and founded the Tin Producers” Associatiean.,
Netherlands Fast Indies and Bolivian produeers joined
the association in the following vear when the pmice lad
dropped to less than lall that of 192627, Alnoest
three-fourths of world tin capacity was represented in
the association, but a decision to limit production, at
first to 80 per cent of the 1929 lavel and then In g
coinplete two months” slastdown, did e hidt the decline
in price, Some of the companies which bl ineveieed
their capital during the nincteen teentios dialtless pre-
ferved o wmaintain or even inerease antpnt <o e s
variable costs were leing vovered: i order 10 sticnsthen

contro!

therefore, the crizinal organization was pt on
aninter-governmental basis i 150 the Voaited Kine.
dern Govermment taking the niiiative,

The fiest Lo meenibere ol the vow Taternations] Fin
Commaittee—-Bolivia, Malava, the YNotherbaol - s hadies
and Nizeria accomded for over S0 e cont ol the wen b

ouatpat at that tioe, and with the acceion of Thailarl
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later in 1931 and the Belgian €ongo. Indochina, Por-
Inzal wd ihe United Kingdom in 1931, all the major
producers had joined the scheme. The average quota
was reducrd successively from 78 per cent of 1929 pro-
duction in March 1931, 10 65 per eent in Jane 1931,
20 per cent in lanuary 1932, 1] per cent in June 1932
and. alter a two months' suspension of exports, to 10
per cenl in Seplember 1932, With prices rising slowly
in P33 and 1931 the quota was increased from the
10 per cent at which it had been held for almost 18
months.? During this period excess stocks of 21,000 long
tons which had been aceumulated by British and Nether-
lands companies in 1931 were suceesshilly liquidated.
e 1934 a formal “bufler pool” of 8282 long tons of
tin inetal was organized by the Govermments of Bolivia,
Malaya. the Netherlands East Iudies and Nigeria. in
order 10 supplement quota adjustments as a stabilizing
force in the face of fluctuating demand. With the with-
drawal of Bolivia in 1935, the pool was liquidated but,
following :: sharp break in prices, it was reconstituted.
at a 10.000 to 15,000-ton level, in 1938, By this time

FThe avvape quota was 43 per cent of the 1929 level of pro.
duction in 1931, 9 per cend in 1935, 93 per cent in 1936 and 104
per cent in 1937,

the eommitice had been reorganized 1o inclnde consumer
representation, Until the autbreak of war, operation of
the buffer pool helped to keep tin prices hetween the
upper and lower Timits ( £230 10 £200 per long ton)
st by the conmitiee, but the fact that the pool’s re-
souces never represented much more than one month’s
consmnption at contemporary rales limited ils usefulness,
With the overramning of the Asian praducers by Japa-
nese droops an 1912, cantel agreemeuts fell away, In
some yespects the functions of the pool were handed
over Lo the Uuited States under agreements with the
Reconstruction Finance  Corporation  (and later the
Metals Reserve Company ) which undettook to purchase
whaever tin its members were able to produce. The pool
was dispersed, but the committee itsell was not wound
up until 1910, when its statistical and research functions
were taken over by the International Tin Study Group,
which convened for the first time in Brussels in April
1917,

The tin conirol scheme was not conspicuously success-
ful in avaiding instability in prices during the nineteen
thirties: neither the market operations of the managers
of the buffer stcek nor the chauges that were made in
production quotas seem to have been prompt enough

Table 14. Tin Ore Production and Average Prices, 1928 to 1942

Belyinn

Outpud
Netherlands

BRI U Average price, London
Wortd  Holivia, Indonesia,

Hem and year ) Resl of (l'ounds sterling
Congn Rolivia Malaya Kusi Prdics Nigeria  Thailand tolal®  Malaya and Nigeria  world per long ton)
Amount (thousands of metric
tons, metal content):
o2 .. 0.8 41.4 616 5.7 9.1 7.6 178.3 150.8 27.5 227.1
2. 1.0 46.3 69.4 35.2 10.7 10.5 192.6 161.6 31.0 203.9
m3.. ... ... 0.9 38.2 64.0 310 8.6 11.5 175.1 145.4 29.7 141.9
o310 0.2 BRI 52.6 27.4 71 12.5 147.0 118.2 28.8 118.4
o2 .. . 0.7 20.6 28.4 6.8 4.3 9.3 99.6 70.1 29.5 135.8
w33 2.0 151 253 13.0 3.7 10.3 89.4 57.1 3 194.5
1934, e 1.4 21.0 38.2 20,0 5.1 10.8 1224 84.3 38.1 230.3
1935 . e 6.2 27.6 43.0 20.5 6.7 10.0 140.7 97.8 429 225.5 ,
e, .. e T4 245 67.8 31.2 9.9 12,9 183.4 133.4 50.0 204.4
037 . 9,2 23.5 8.5 38.2 11.0 16.2 2008 153.2 56.6 2421
s, . 0.8 250 411 30.2 9.1 15.1 167.6 109.3 58.3 189.5
o3 0 8.3 279 8.2 2.2 9.6 15.9 170.2 112.9 57.3 226.2
19%. . . .. 125 8.5 81.3 42.0 12.2 17.4 239.0 177. 62.0 256.4
194, . ... 16.0 127 80.7 512 12.3 16.1 250.0 189.0 60.1 261.1
1942, ... ... l6.1 38.9 16.0 10.1 12.6 8.0 123.0 776 45.4 275.0
Iudex (1020 = 1oy

1928 .. e 80 89 3 101 85 72 93 93 89 mn
o290 . 100 100 oo 100 100 100 100 100 100 100
30, .. . 90 83 02 uR 80 tio 21 90 9% 70
wiae.... 20 67 76 78 66 119 76 73 93 58
932 ... . o 0 45 41 18 40 89 52 43 95 67
1933, 200 KX 16 37 35 48 16 35 104 95
3y o 410 15 %) oy 18 103 i} 52 123 113
1935, ... . o 620 60 62 kh 63 95 3 60 128 110
13 P, T ot ug8 (] 93 123 05 ]1 161 100
101" 0 ah 1123 lon 1013 154 109 93 183 119
1038 ann o 3} it 83 114 a7 6R 188 93
199 . 830 60 6Ov e ) 151 28] 70 {83 1
talp. . 1,250 RR1 122 119 1it 166 124 110 200 126
1] 1.600 o 16 154 L5 153 130 s 104 128
o oo 1.610 HE A8 RO 118 Th 61 48 L6 135

Source: International Tin Studs Groap, Yeariool (The Hague),

* Excluding the t'nion ol Soviet Socialist Republics,
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to prevent variations in demand from causing wide
Huctuations in price. It did; however, spread the burden
of excess capacity over the bulk of the industry when
otherwise it would have fallen most severely upon the
high-cost prodncers in the Belgian Congo, Bolivia and
Nigeria and the least eflicient of the Asian mines, As it
was, the cutback was borne in the main by the three lead-
ing producers—>Bolivia, Malaya and the Netherlands Last
Indies—and by Nigeria. In 1933 the output of these four
arcas was little inore than one-third that of 1929 (1able
1 by, Thereafter production in Malaya, the Netherlands
Fast ludies and Nigeria inercased steadily, exceeding
the 1929 rate in 1937: in Bolivia, however, qucias were
not fully met (owing in part to disruption caused by
the Chaco War) and it was not until 1910 that output
excecded two-thirds of the 1929 level. In the Belgian
Congo, production continued to expand: in 1937 it was
more than twice, and in 1941 nearly four times, the
rate registered at the time the eountry acceded to the
cartel. In Thailand, production reached a peak in 1031
but under eartel control it was held to about 80 per cent
of this rate during the four succeeding years, Production
of won-members, beneliting from the eltect upon priees of
restriction in output, increased from about 10 per cent
of the world total at the beginning of the nineteen
thirties to about 15 per cent at the end of that decade.

The high cuncentration of ownership and control sin-
plified cartel organization, and the comparatively low
price clasticity of demand favoured restrictive policies,
On the other haud, tin shows a high income elasticity
of demand and, in general, a low elasticity of supply.
accentuated since the nineteen twenties by the relative
lecline of the more flexible small-scale units, making
price stability very diflicult to attain. In the opinion of
some observers, bold use of a large buffer stock might
have helped to stabilize the price but, tin being a rela-
tivelv costly base metal (during the nineteen thirties its
price varied between three and six times the price of
copper), there was a tendency to keep stoecks down tu
a minimunn. This tendency persists, and even smelters
try to avoid market fluctuations by linking the purchase
of ore from the mines with the simultaneous sale of an
equivalent volume of tin metal.

During the post-war period of tin scarcity, the Com-
bined Tin Committee, an extension of the Combined Raw
Materials Board which functioned between 1912 and
1945, recommended allocations of exportable supplies,
A Tin Conference convened by the United Nations in
October 1950, at the request of the International Tin
Study Group, recognized the desirability of a wew sta-
bilization scheme but was unable to agree upon its
form and operations. 1n the meantime, tin dealings on
the London Metal Exchauge which had been snspended
in 1939 at the outbreak of war were resumed in Noven-
ber 1919, the Miuistry of Supply relinquishing its control
over purchases in the United Kingdom, The rapid rise
in_ price which followed the beginning of the condlict
i Korea led the United States 1o ceutralize its tin Imying
in the Reconstruction Finance Corporation early in 1931,
This probably contributed to the subsequent reduction

in price. from an average of abont 172 conts per ponnd
in Jimary to a more stable level of 103 cents in Angnst,
A rise to 1205 conts per pound eanrly in 1952 was
followed v Angust Iy the restoration of private hiading,
This was the prelude to a sabstantial decline in price,
and in Augnst 1953 the low level of 705 conts per ponnd
was reached,

These price fluctuations, together with substantial re-
duction in United  States stockpile buving and  the
consequent seemingly chronie snrplis, again raised the
question of a stabilization scheme. In Mareh 1953, the
International Tin Study Gronp set np a working party,
on the basis of whose report the United Nations Tin
Conference was reconvenad in November, The onteome
was a new International Tin Agreement which will come
into operation upon the accession of the requisite mini-
mum number of members,

The agrecment is an inter-govermmental instrniment to
be administered by the International Tin Conneil, mnong
whose functions are the fixing of floor and veiling prices
and the allocation of export quotas, The latter become
operative only after 10.000 long tons of tin have been
accumulated in a buffer stock which is to be built up
in the first instance by members” contribntions, ‘Fhese
are to amount in the aggregate to 25000 tons of tin or
the cquivalent in cash (compnted at the established Noor
price) contrivuted by producer members as follows: 36,01
per cent by Malaya. 21.50 per cent each by Bolivia and
Indonesia, 8.72 per eent by the Belgian Congo  (and
Ruanda Urnndid, 0.29 per cent by Thailand and 5.38
per cent by Nigeria. This bnlfer stock is the seheme's
principal stabilizing instrument, When the price is at
or above the established ceiling the manager of the
stock is required to enter the market as a seller, either
by offering tin on the London Metal Fxchange or by
accepting bids at the ceiling price. Conversely, when
the price is below the lloor. the manager is reguired to
enter the market as a buyer. When prices are within the
critical range the manager’s function is also preseribed:
in the npper third he may sell at his discretion and in
the lower third he may buy at his diseretion, while i
the middle thivd he is reguired to stav ont of the warket
unless the International Tin Comneil direets otherwise,

In the event of a persistent surplus which carries the
bulfer stoek above 10,000 tons, the Iiternational Fin
Council is anthovized to fix a total export quota for cach
threcamonth period and this is to be divided among the
producing conutries i the same proportion as their cone
tribations to the hufler, Arravgements are aade for gnota
adjustinents andd for thee absorpiion of  ander-atilized
quotas, as well as for pewdties Tor overesport, the hest
of which i to he the panvaent it the balter stock of
an wmonnt of tin ror its cquivadent i cashy equal to
the eveess,

I view of the peualty provision, it s prematare to
pass jndgmeat v the size of the boller stock, Tt shonld
b voted, however, that 25000 tons represents vatler
less than two months’ produetion at the average rvate
that «btained in the hrst seven postwar vears, 1916 10
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Chart 10, Tin Prices, 1919 to 1933
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Source: tinited Nalions, Monthly Bulletin of Statistics, July
1955, page 1335 American Bureau of Metal Statisties, Yearbook,

1952, On the other hand, even this low figure involves
an outlay, at July 1951 prices, of more than €19 million
—a sizable sum for six under-developed countries® It
should also be noted that the United States, which ac-
comnts for well over half of world tin consumption
(eeluding that of mainkmd China, eastern Lurope and
the USSI) has not aceeded to the scheme., though a
consumer voling queta is reserved for it.

Between November 1919, when the London Metal
Fxchange was ccopened for tin dealings. and  Angust
955, the mouthly averuge price was within the estah-
lished ranze of Lol to €880 per long ton less than
onc-hall of the time, though it remained between £ 610
amd €700 during 22 months heginning from December
153 dehart 101, Unless the trend in consumption tnrns
npward, sneeess in keeping price Mnctuations within the

Munoahe case of Malina, the fargest comributar, the transaction
will presumably he fimeced by means of a foan from e U niged
Ningdon,

1953 (New York, 1934), page 113, Figures represent monthly
average daily cash prices for standard 1in, London.

prescribed limits is likely to depend very largely upon
the willingness of low-cost producers to curtail their
output sufficiently for the maintenance of a price which
allows for at least a minimal rate of return on the in.
vestment of high-cost producers,

VALTS

Production of zine, like that of lead, is widely dis-
persed. In 1919, for example, United States output came
from no fewer than 765 different producers, many of
whom were chiclly concerned with mining copper or lead
ores, Moreover though a large part of the zinc output is
used i the iron and steel industry, where it fulfils what
is qnantitatively {ts most important  function in the
process of calvanizing. much of it is not used in metallic
form but passes direetly into the chemical and paint
indistries, These circumstances militate against inte-
aration amd control, bt olfsetting them is the fact that
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a high proportion of mine output (about three-fourths in
recent vears) is derived from Fuavope and North Ameriea,
where the great butk of consumption takes place, and the
fact that smelting is wuch more concentrated. most of the
output coming from a compavatively small number of
firms. In the face of these conflicting influences, control
within the industry has never operated on a global basis,
and European schemes. even when enlarged 1o incorpo-
rate Australia, Canada, Mexico and Northern Rhodesia,
have not been conspicuously successful in stabilizing
production or maintaining prices.

The first of these schemes came into being in 1879
when the theee largest German firms, Aaron Hirsch und
schn, Beer Sondheimer and Company and the Metalige-
sellschaft Aktiengesellsehaft, agreed to curtail output in
order to waintain prices; in 1882 this arrangement was
extended to Belgium (second only to Germany in world
production), where the zinc industry was largely in the
hands of the Société anonyme de la Vieille Montagne.
The resultant Iuternational Zinc Syndicate established
production quotas in 1885 and continued more or less
in control of the European zine industry until the out-
break of the First World War, the United Kingdom
having joined Belgium and Germany in a zinc convention
in 1909, In contrast to this restrictive policy in Europe
was the expansion that took place elsewhere; especially
in Australia where the mining of zinc ores had eom-
menced in 1868, in the United States where output over-
took that of Belgium in 1901 and that of Germany in
1909, and in Canada where zinc production became
increasingly important after 1908,

The war accelerated this development. Between 1911
and 1916 United States smelter capacity was doubled,
and the technique of electrolytic refining perfected, to
the great advantage of areas with low-cost power, The
introduction of the Hotation process of ore separation,
followed some vears later 11925) by the process of
selective flotation, made possible the economic exploitation
of a number of ore bodies that had previously been un-
workable, again with particular benefit 1o the newer
producers in Australia, Canada aud the United States.
Australian production was also stimulated by a favour-
able tong-term contract concluded between the United
Kingdom Government and the Zine Producers” Asso-
ciated Proprietary, Limited, a group comprising the prin-
cipal Burmese mine as well as the mines at Broken Hill
and Monnt Lyell. Shipping dificulties in the last year
of the war resufted in the accumulation of large stocks
of conceutrates estimated at 730,000 tons in 1921) in
Australia. disposal of which added consideralily to the
uncertainty of the post-war period. In 1919, and azain in
1921, there was a drastic decling in mine cutput in all
producing countries,

World zine production rose from the low level of
under half a million tens in 1921 1o almost a million and
a half in 1929, Although consumption and price were
fairly well maintained during this peviod. ore stocks
Lewan aceumulating rapidly at Favopean smelters in
1925, 1926 and 1927, and by 1928, in the face of a sub-

stantial growth ol electrolylic capaciy o Canada and
other non-Luropean conntvies, there was suflicient un-
certainty abont the future to canse the leading producers
to geek protection in g joint organization called  the
Fuvopean Zine Cartel,

The outpnt veductions agreed upon at an cavly meeting
of the cavtel vangzed from 5 0 10 per cent dnring the
fivst half of 1929 bot, though Belgian, Freneh, Polish and
Spanish sinelter output deelined slightly, world production
continued to expand and. in the face of internal friction
and a temporary rally in zine prices, the cartel was
dissolved at the end of the year. It was revived in 1931,
however, in the middle of the depression, and an attempt
was made to extend its coverage, Canadian, Mexican
and Rhodesian producers were included along with those
of Europe and Australia in the new International Zine
Cartel, which is estimated to have embraced about 04
per cent of the simelter capacity outside the United States
(table 15). Output restrictions were immediately -
posed; quotas starting at 15 per cent of average output
from 1927 to 1930 were gradually raised to OO per cent
in 1933, when a system of bonuses for nnder-prodnetion
and penalties for over-production was introduced. There
was some recovery in price as well as ontput in 1033
and 1931, hut the cartel did not survive the combined
effects of the conflicts of interest that arose within it
and the widespread increase in nationalism in the conn-
tries in which its members operated. Hlustrative of the
latter were the offer by the German Government of
preminm for domestic zine production and by the im
position by the United Kingdom of a 10 per cent duty
on zine from other than “empire” sonrees,

In the vear after the dissolution of the cartel, a private
agreemen! o restrict exports was entered into between
the New Jersey  Ziae Company. which had - recently
developed a new vertical retorting furnace permitting
continnons  distillation. and its licensees in Belgim,
Canada, Germany and the United Kingdom, Tn 1936
there was a restrictive pact among Czech, German and
Pohish prodincers with regard o supplics o be offered
on the Furopean market, Shortly afterwards, the Imperial
Smelting Corporvation. Limited, a snbsidiary of the Con
solidated Zine Corporatian, Limited. which controlled the
Broken Hilk mines in Avstrabia, agreed to fimit its avnal
output to GO0 tons in retnrn for a subvention payable
by “empire”™ producers on the zine tonnage sold in the
[ nited Kingdom, In 1938 in the face of redneed con-
smnption aral a narked drop in price, Enropean pro-
ducers. in o another attempl to - regulate competition,
ovsmmized aninteruational zine <heet catel but wa
bronght this to an end i the followine vear,

Perhaps more importaut for the underdeseloped coun-
tries was the faet that in 157 the Dnited States beemne
a net importer of zines bra trade apreamnent with tanada
in 1939, United States import duties were ent by 200 per
cont: ju 19 an aereement with Mevico inereased this
et to SN per cent, Lo ing the rates to theeequarters
of @ ceut per pound o zine ioore and - sevenceizliths
of a cent per ponnd ou zine wetal: an 191 the-e rates
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Table 15, Zine Smelier Capacity and Production, 1932

{Thousands of short tons)

Croup and voungry

European cartel membhers:

Belgium

Norway
haly

Spain
Czechoslovakia

Non-Eurepean cartel members -
Canada

Australia ...

Mesico ..

Toran .

Non-members:
United Sistes . ...,

Japan .,...... ererae, et e
Yugoslavia ............... ... ...
Indochina .............. ... . TTT

Toraw oo

Wonwp ToTAL

Poland ...
France ...

.....................................

......................................
.........................................

................................

...............................

Sweden R

e T o

Northern Rhodesia ......... Ceerenae e

D R N I I A IS ANN e e

Union of Soviet Socialist Republics. .. ... ... .

Production
- Per cent of
Nominal capacity Amount capacity
nc.g 106.2 35
2525 93.6 37
155.4 50.4 32
155.4 46.3 30
83.7 Jo.1 36
52.0 13.4 83
.1 25.7 75
30.0 17.2 57
30.0 10.5 35
220 6.6 30
7.7 - —_
1.130.6 430.0 33
170.0 86.1 51
79.0 59.6 75
545 4.4 63
26.7 - —
330.2 180.1 - 55
931.0 207.1 2
45.0 15.6 35
27.2 298 100
10.0 24 1)
55 25 45
1,018.7 2574 25
2479.5 867.5 35

Source: American Bureau of Metal Siatistics, Yearbook, 1932 (New York, 1933).

were made generally applicable under the General Agree-
ment on Tariffs and Trade.

During the war, zinc supplies among the Allies were
controlled by the Combined Raw Materials Board. The
London Metal Exchange, which was closed in 1939, was
not reopened until January 1953, During this period,
and especially after 1916 when war-time controls were
withdrawn, the world price tended to follow that on
the Fast St. Louis and New York markets, reflecting the
fact that the United States accounted for about one-half
of world zine consumption outside the Soviet Union and,
after 1937, for a rapidly increasing proportion of im-
ports. Zine was among the metals rc. jewed by the Inter-
national Materials Conference; the first allocation was
recommended for the fourth quarter of 1951 but, with
the casing of the market, recommendations were not
made after May 1952, Production continued to rise,
and with slackening demand, the average United States
price in 1953 was a third lower than that of 1952, The
lowest post-war price level was reached early in 1951,
Nevertheless, there was no enrtailinent of world pro-
duction even though United States output declined in
195L The mild price reeovery which began in March
1951 and was still continning in mid-1935 was the result

of very active demand in Europe, supplemented in the
United States, first, by the use of the strategic stockpile
to take part of the newly mined supply off the market,

and then by a fairly rapid recovery of industrial con-
sunption,

Itis difficult 10 assess the effect of cartel arrangements
upon production in the less developed countries. So far
as smelter production was concerned, depression and
cartel restrictions during the period 1930 to 1934 did not
reduce qutput below 1929 levels in Australia, Canada®
and Mexico, though the output of European members
dropped to half that level in 1932, Northern Rhodesia
actually ceased producing for 18 months during 1931
and 1932 and Swedish smelting operations were closed
down in 1931 (see table 16). In contrast to what
happened when the copper cartel was functioning, the
output of non-members deelined appreciably more than
that of members, but, as in the case of lead, this was
due largely to the collapse of demand in the United
States, where the market was isolated by a high tariff
wall. Qutpnt in Japan and the Union of Soviet Socialist

* The new Hudson Bay plant in Canada was given special (juota
aHowances under the first cartel agreement,
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Tahle 16.

Indices of Zine Production. 1928 to 1930

tiroup und counlry

1998

‘ 1930

Lreder 3909 = b

[ HAT 13?2 AN 1.43% 135 19360
MINE rrRODUCTION
European eartel members:
Germany. ..o, 1ol 97 71 53 w3 UX} 99 110
Poland. .. ... 95 9% 57 26 10 47 440 Atm
LY. e 96 92 54 37 13 53 72 ™
SPAIN. . B8 118 75 03 (1% 56 5 ()
Swoden . .o et e 48 100 o8 82 83 97 116 15
France........covvve vunnn 94 82 44 12 ~ - — -
Norway.......cocoiiveninn o 364 529 636 72 521 479 550
United Kingdom............ 78 78 22 — —— 50 133 178
Toeal .o oot 93 106 78 63 73 7 90 06
Non-Eurapean cartel members:
Mexico. .o vviin i 93 7 69 33 51 72 78 g6
Australia. ..........c000un 2% e 48 75 80 89 9% 112
Canada..........covvvvnns 94 136 120 87 101 151 162 1009
Burma........oovvveinnnnn 116 110 82 73 100 99 105 1181
Newfoundland......... R 131 194 289 326 384 ala 280
Northern Rhodesia.......... 60 88 31 — 83 8]yb 121 118
Total............... 91 86 68 57 73 91 99 108
Non-members;
United States. ............. 9% 82 57 39 53 61 T2 80
Indochina................. 114 85 43 27 27 27 27 28
French Notth Africa® ....... 106 56 20 10 5 13 12 29
Japan. ... oo, 92 110 119 119 145 152 167 214
Pern.ooo oo nn, RN 44 91 — 2 2 45 ket 90
Turkey............ PN 51 84 13 29 61 125 128 181
[ T 76 63 97 117 210 100 17 8
Yugoslavia............0000n 102 160 330 492 606 664 660 619
Austria. . ........ Ceraaeaa 80 90 18 40 53 65 65 80
USSR, ..o e 734 1434 300 457 553 903 1,523 2,200+
Bolivia®. ..ooovvvi i, 164 429 1,050 929 957 686 503 971
Korea.......... e 100 75 — — 63 50 a8 100
Finland. .................. 175 125 . 350 k¥ i) 425 400 350
Total............... 95 84 60 46 61 70 81 95
Wonwp tToTAL 93 % 67 54 08 81 2 99
SMELTER PROIUCTION
Furapean cartel members:
Belgiom.................. . 104 89 68 49 69 88 92 102
Poland.................... 96 103 7 50 49 55 50 55
Cermany. ...........oviee 9% 9% 4 41 50 70 122 131
Franee.............000vven 106 100 65 52 60 54 54 59
United Kingdom............ 95 83 36 46 70 8’8 104 104
Netherlands. . ............. 106 90 75 61 72 s 53 60
Ttaly........ooviiiinn 67 122 107 147 147 157 175 171
Spaitt. .. e 115 87 a5 81 72 69 65 66
Caechoslovakia. . ........... 75 125 15 56 62 71 92 T2
Norway. ... .oovvniien. ., . 624 713 T12 811 812 R13 813
Sweden .. ..o e 108 87 e e — — — -
Total............... 98 100 70 51 68 79 87 93
Non-Futopean cartel members:
Canada ................... 95 141 138 100 107 157 174 176
Australia. ........... RPN 97 106 104 103 104 105 130 136
Mexico.. .. oo 15 195 237 201 178 193 214 212
Northern Rhodesia.......... 79 148 57 — 153 161 171 171
Total............... 92 135 130 103 116 143 163 165
Non-members:
nited Statea. ............. 9% 80 47 33 40 h8 67 74
Tapan. oo oo 90 116 120 127 144 151 161 184
Yugoslavia................. 78 88 72 35 55 61 94 na
Imdochina. ................ 76 102 76 60 76 112 100 1607
USSR...o.oiiieinnnn, 661  13¥ 332 A1l A2 78 1380 1884
Total. ...l % 82 51 39 55 66 8 03
WonLp totar. 97 9 69 54 68 a0 02 101

Vctuad production, 19049
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Source: United States Bureau of Mines, Materials Survey: Zine

* Fstimated.

{Washington, D. C., 1951); League of Nations, Swatistical Yearhook,
1937/38 (Geneva); United Nations, Statistical Yearbook, 1948.

b Smelter production,

¢ Tneluding Algeria, French Moroeco and Tunisia.

4 Production in 12 months ending 30 September of year stated,
¢ Exports.




54

INTERNATIONAL CONTROL SCHEMES

Republics increased, as it did in two member countries,
Norway!" and, in respect of smelter production, Italy.
The drop in mine production was greater among non-
members than among members, expansion in Bolivia,
Finland, Japan, the Soviel Union and Yugoslavia being
more than offsct by the drop in United States output.
The decline in mine output in Mexico and Northern
Rhodesia, two under-dcveloped members of the cartel,
was relatively greater than that of non.-members as a
whole, though in Burma it was appreciably less. Mexico,
like Peru, suffered chiefly from the decline in United
States demand. Thus, though the cartel was dominated
by the major European producers there is little evidence
that under-devcloped member countries were penalized.

On the other hand, the cartel appears to have achieved
very little in thc way of stabilizing the market. The
London price, which averaged £36.6 per long ton in
1925, declined steadily, to £24.8 in 1929, and then fell

19 The new plant of the Compagnie royale asturicnne des mines
in Norway was also given special quota allowances under the first
cartel agreement.

precipitantly to £16.5 in 1930 and £12.2 in 1931,
averaging more than £16 in only one year before the
war, On the United tates market the margin between
the year’s highest and lowest quotations rose from 14
per cent in 1928 to about 30 per cent in 1930, 1931 and
1932, increasing to 81 per cent with the first uptum of
prices in 1933,

Cartel organization brought out not only rivalry
among companies and countries, but also a serious con-
flict of intercst between elements within the industry,
Thus, custom smelters, which earn their revenue by per.
forming a scrvice, ordinarily protecting themselves
against price fluctuations by selling metal at the same
time as they bny ore, tended to oppose reductions in
throughput, whereas integrated firms rcsorted more read-
ily to curtailment of production in the hope of maintain-
ing prices and gross revenue. Similarly, electrolytic
refineries, with their relatively heavy burden of overhead
capital charges, tended to oppose restrictions much more
strenuously than furnace reiineries, whose cost structure
is generally more flexible.




Chapter 4

MINING, SMELTING AND REFINING IN UNDER-DEVELOPED COUNTRIES

This ehapter and the following one discuss domestic
problems of mining and metallurgical development. For
this reason, they are chiefly concerned with the mineral
ceonomies, that is, countries in which non-ferrous metal
mining and associated metallurgical operations provide a
significant part of national product or foreign exchange
carnings. Among these conntries are Northern Rhodesia,
Bolivia and Surinam, in which exports of non-ferrons
metals play an overwhelming part in foreign trade and in
the local exchange sector; Chile, the Belgian Congo and
Cyprus, in which mining, though less important, is none
the less a major determinant of production and incomes;
and Pern, Mexico, Yngoslavia and Malaya, in which min-
ing exerts a considerable influence on the gencral level of
activity (see table 17).

The present chapter cxamines the extent to which the
mineral economies have heen ahle to maximize the valie
of their non-ferrons metal exports by domestic processing
--- heneficiation, smelting and refining — and the degree
to which the product has been used in domestic manufac-
turing. As a preliminary both to this discussion and to the
analysis of the development potential of the non-ferrous
metal indnstry contained in the next chapter. some con-
sideration is given to aspects of locating and mining de-
posits of ore which have particular relevance to the prob-
lems facing inder-developed countries in the exploitation
and utilization of their non-ferrous resources.

FXPLORATION AND SURVEY

The process of discovery of ore bodies nsually entails
two steps: general geological exploration and survey, and
then more intensive geophysical examination of mineral-
ized districts; the first, to determine .«nd map the geologi-
cal structure of the area as a whole and the second, to
measznre the cxtent and grade of the ore bodies located in
the course of the initial survey. Most of thc mineral
discoveries of the past, however, especially in nnder-
developed arcas, have resulted from prospecting, which
tends to combine the two phases just distingnished. In the
absence of any detailed knowledge of regional geology,
the success of prospecting has depended on the presence
of readily detectable surface signs and, in most cases in
the past, on the actual location of an outerop of the ore,

The general state of geological knowledze is <till far
from saii<factory: many of the less developed conntries
hanve only a rudimentary knowledge of their geological
struetnres and even in the United States not much more
than a fonrth of the land swiface has been topographically

2]

1)

mapped on an adequate scale and less thme an ecighth geo-
logically mapped in any detail. New technignes, especially
those based on aerial. geochemical and geophysical meth-
ods, have recently speeded up the conrse of geological
survey, bt thongh some of the new deviees have tended to
shorten and cheapen the process it is still a very costly
undertaking. Forthermore, even when survey costs can he
met, the prohlem of personnel remains: in many cases the
main consideration holding up exploration v recent vears
has been the shortage of snitably trained and skilled staff.

Althongh more adequate geological knowledge wonkd
undonhtedly be of great value to nuder-developed conn-
tries, the prompt initiation of complete geological or min-
eraogical survevs is nat necessarily the wisest conrse,
Such a survey has many of the ativibntes of a long-terne
investment and when jndged by the eriterion of carly
economic benefits may well command only a low priority
in any development programme. The hakaee of advan-
tages is more likelv to Le with comparatively -mall-seale
snrveys condneted inaceessible arcas in which either some
geological or ndneralogical knowledee already exists or
the surface signs indicate the possible presence of ore
deposits that wonld vield a fairly readily marketable prod-
net. Tt is only in the case of countries which have attained
a fair degree of economic development but are still ~hort
of raw materials that nwre thorough surveys are likely o
prove hoth feasible and worthwhile,

In western Enrope and the United Siates the chances of
locating new non-ferrous ore bodies by means of snrface
exposnre are very much smaller than they are in less
developed comries, except perhaps in the case of rela-
tively “new” metals, such ax colnmbinm, tungsten and
molybdennum, which have been prospected for only dur-
ing recent years.! lu nnder-developed areas, where many
parts still await surface exploration, new discoverics of
most of the non-ferrons ores are not nlikely, especially
in comntries with relatively low popnlation densities,

ltowever, techuigues are beinge devised for loeating and
exploiting ore bodies that way exist at consideralide deptle
mdergronnd. As a resnlt, the domestie vesonress of idns-
trial conpntries mav eventnablv be appreciadily anemented,
thongh presmmabily the eost o minine the metal will he
substantially higher than i the cace of more aeeesihle
deposits, In e neautine the conclusion enpressed 1en.
tatively in chapter 2 wonhl appear 1o okl with the ex.
plottation not ouly of deposits presenthy Krown bt also of

iy e worth reetinge st e b b oo e it

Tdaho become the noain dore -t <onre e SOhe naetal Lo the e
States during the Second World War,

ey
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EXPLORATION AND SURVEY

others (with =urface onterops) still to be discovered, the
praportion of the world non-ferrous ore supply to come
from less developed conntries is likely to increase.

\s snggested above, the lack of knowledge concerning
ressanres, characteristic of under-developed comntries, ob-
vion=ly hinders their development, especially if the cost
of acqniring a sufficient body of knowledge to justify
cxyploitation is considered prohibitive by would-be invest-
ors. It inay he noted that the American Smelting and Re-
hming Company had spent nearly $2 million investigating
the lead-zinc ore deposits of northern Nigeria before the
option on the property was abandoned in 1953 because of
nnderground flooding which could not be overcome with
the inadequate power facilities available to the area. Many
of the non-ferrous ore bodies now being exploited in
ander-developed areas were discovered not as a result of
~vstematic survey but rather from the fortuitous nnearth-
ing of ontcrops, in some cases by ancient civilizations and
in other cases by nineteenth and twentieth century pros-
pectors searching for precious metals.

The function of the prospector is well recognized in
most conntries, In the United States and parts of Canada,
the law gives to the discoverer of a mineral deposit title
to a tract of about 20 acres.? In United Kingdom de pendent
territories, and in a number of other countries, prospector:
are licensed for operation within prescribed districts and
any ore body thus discovered may subsequently he ex-
ploited under a mining lease negotiated with the govern.
ment.? or in a few cases (the Belgian Congo and Northern
Rhodesia among them) with the concessionary holder of
the land or mineral rights in the area in question. In some
cases the prospector himself may stay on the site to mine
the deposit, as in the case of many of the small tin mines
in Bolivia, the small copper mines in Chile and more re-
cently the small lead-copper mines in French Morocca.
In other cases. the prospector may dispose of his rights
tr a concern better equipped to exploit the deposit, as
happened with the copper-lead mine opencd at Mpanda in
Tanganyika in the post-war period. Where one of the con.
ditions of a lease is the carrying out within a certain period
of a specified minimum development — as in the case of
tin leases in Nigeria, for example — prospectors may be
obliged to call upon holders of greater capital resources
for the exploitation of a mineral discovery.

In some areas the private prospector still plays an im.
j'ortant role, though his inadequate training and resources
may increase his dependence upon government-operated
ur company-owned laboratories and field facilities. In
Brazil, for example, it is thought that the work of the
“earimpeiro”— who in many instances may be no more
than a spare time operator, perhaps a farmer whose agri-
cultural activities have been interrupted by drought -

2 Plus eertain exira.lateral rights whicliextend the elaim sidewavsa
1o the limits of the lade or vein picked np on the original site. It was
u dispute over these extra-lateral rights, on the copper ores heing
worked at Butte, Montana, by the Anaconda Copper Mining Com-
pany in 1898, that gave rise to what is thought to have heen the
fir<l systematic geological survey condncted by an operating mining
CiMIePTN,

3To judge by recent coniplaints in Malava, the prospeelor is nol
«momatically granted a mining lease, as appears to have heen the
ase in pre-war vears,

voubl freqnewddy Le made more prodintive i it were
promptly fodicived up by more thovoneh explovation and
assaving by the appropriate departiment ol the Gasvermuent
or by qualified au-l well-equipped minine companies,

Ou the whole, better orcanized and more hiehlyv capa-
talized companies are v a position to make a0 more aeen.
rate geological assessment of s arvea than o nnber of
separate prospectors ar small miners, inad when the min-
eralized region appears e laree there is ~lraug pressnre
towards the emergenee of birse concerns wloee polivies
are susceptib-le of co-rdination or vven conolidation
nnder a single direction, hu receut vears, many of the jaos
pectors have in tact been fichl veologists cmplived hy
establizhed mining companivs to explore recions which
are thought to hold promise of mineralizaticar, This hape
pened in Northern Rhadesia where, after the First World
War, the proximity of the Katanza one fickds of the Belgian
Congo was regarded by important mining inlerests as
prima facie evidence that copper mizht he Found beneath
parts of the forest land of the vorth-west. The Katanga
deposits, whose onteraps consisted  of easilv <melted
oxides, were worked by the early nhabitants of the regiun,
Their gencral loeation was discovered in the nineteenth
century by Furopean travellers, both from the concentra-
tion of copper ornamens in the neiehbourhowd and from
information gleaned from the indigenons  inhabitants
much further afield. Eveu with the hacking of large com-
panies, however. it took about cight vears for the main
conformation of the Northern Rhodesian copper belt to
he plottedd. The area was first scanned Loy parties cousisting
of prospector, recorder-assistant and indivenons helpers;
from 1923 on. two zronps warked steadily on what was
more properly a gedlogical survey. The acenracy of the
survey and the speed with which mining snlseqnently
became productive are attribined we the tabular nature of
the deposits and the consistency of arade «ver considerable
distances of strike and dip. These are rare conditions, and
comparable suecess in discovering and opening nje other
base metal fields is much less likely,

In general, the importance of Feld geolowists emploved
by mining companies seems to have inereased considerably
in the twentieth eentiry. This is partly a result of the
increase in the importanee af company oreanizatian itself,
especially in its intermatianal ramilications, but it als
reflects the lag in government survey work®  relative to
the great expansion in the ise of non-ferrons metals — as

4 Since the war, Tiowever, there has leen ac esleasion of govere-
ment activity in this ficld. To the British awed Freaeh dependent terri
tories, for example, geological sarvey -affs have expiaided greatly.
Fxpert staff in the Britich pealogical seivices over-ene muanlered
186 {0 1952, coovpared with 58 001947, while 1o 1l 198 plaw fur
the deselopment of French wverwen territoriv- Cexeluding Narth
Africa) provision was made forwn evpent <aff of 155, compured
with 25 in 1947, ane for the estalilichimeny < F w Burean minier de lie
France d'Oatretaer o publie corpormion with 0 capatal of 7o
million francs -~ to promate propecting and the develapmen of
mines, Under the tersenr plan of the Belgion Congo, 25 million
frimes was wet aside fur investment in the peolasioab service, while
cecurier wnaual expenditure was to e <lepped ap from U million
franes 1o 1918 o geady 27 million T - i 1952, Governtaen
mining deparliment~ exi-1 i mosl of the oo i fuos-es-ing mineral
wealths geolagical carvey sections it mary of them Bolivia. Chile
and the Uvion of South Africa, fir example  ane 1he ameant of

exploratory work has vereased murkedly i recent ves-
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well as the complication: and capital costs of the new
scientific techniques of geological investigations, which
tend to handicap the private prospector whose reliance is
uecessarily placed on simple instruments and keen powers
of observation,

Since much official geological survey work is necessarily
associated with such civil engineering problems as road
building, irrigation and water table levels, it is doubtful
whether government surveys can completely replace the
work of the private geologist in the search for non-ferrous
ore deposits, For present purposcs, the most useful func-
tion of a government geological office is probably the
provisiou of fundameutal data of a general nature against
which the economic exploitability of particular ore bodies
can be better assessed. Certainly the under-developed
countries wonld benefit greatly from a more accurate and
comnprehensive knowledge of their own mineral resources
aud of the nnderlying geological structure.

Mining companies with trained staff and well-equipped
geological and mineralogical departments are in many
cases more favourably placed to build up knowledge and
experience in specialized fields, thus facilitating the com-
mercial exploitation of specific ore deposits. Geological
data of a more general nature gained from company oper-
ations, both in prospecting and in mining, might well be
madc available to the public through appropriate govern-
meut agencies, In recent years some important mining
concerns -— International Nickel Company of Canada,
Limited. Cerro de Pasco Corporation, Rhokana Corpora-
tion and Anaconda Copper Mining Company, for example
== have established geological research laboratories, which
should facilitate their aetivities in the field of exploration
in a period when new resources will probably have to he
opened up to mect the world's increasing requirements of
non-ferrons metals. Nevertheless, the bulk of the intensive
peological investigation presently being carried out is
connected with deposits already being worked. one of the
geologist’s main commercial functions being to help en-
sure not only that ncw development of reserves in the
mine will keep pace with the rate of extraetion, but also
that over the life of the mine the maximum proportion of
workable ore will in fact be extracted.

Minine

In view of the fact that the development potential of a
mine — the principal subjeet of the next chapter — is
greatly influenced by the methods used in its operation, it
seems advisable at this point to examine very briefly cer-
tain aspects of some of the techniques generally used in
mining non-ferrons ores.

In physical terms, the principal technical objective in
any mine is to extract from a given deposit the maximum
amonnt of ore with the minimum amount of waste ma.
terial. In economic terms, however, the critical relation-
ship is not hetween ore and waste rock hut between the
value of the nhimate metailic product and the cost of the
resonrces which have to be expended in winning it from
the earth. The dual objective becomes the maximization of
the metal ontput and the minimization of the factor input,

The technical means by which this can be achieved depend
primarily upou the physical nature of the deposit. Where
the ore exists in the form of more or less widely scattered
pockets, for exanple. operations are necessarily organized
on a small scale and, conversely, the larger the ore
body the more elaborate are likely to be the methods
of extraction.

Much of the tungsten and antimony that is mined in
under-developed countries comes from dispersed ore pock-
ets which are worked by individual miners or small com-
panies. Much of the tin ore. cassiterite, is also found in
quantities that are too small to justify large capital ex-
penditure. In coutrast with this type of resource are the
massive deposits of manganese ore in Brazil, India and
the Union of South Africa, of chromite in Southern Rho-
desia and Turkey. of bauxite in the Gold Coast, Jamajca
and Surinam, and of copper oxides and sulphides in the
Belgian Congo, Chile, and Northern Rhodesia, to mention
but a few, in which the volume of ore is such that a long-
term investment in mechanical handling facilities is war-
ranted, at least on technical grounds.

Apart from differences in the size of the deposit, there
may be important differences in its position in relation
to the surface. A small body of ore is of little commercial
value unless it lies fairly near the surface and is capable
of heing extracted by means of the type of equipment
likely to be at the disposal of individual miners. A massive
ore body, on the other hand, may be workable even though
it extends for considerable depth.

A massive deposit with a sufficiently large surface or
near-snrface outerop may be exploited by the open-pit or
opencast method. This involves the use of mechanical
shovels and a system of transport — conveyor belt, rail
or truck — designed to remove the material as fast as it is
excavated. When the metallic ore is disseminated in rock,
as in the Chuquicamata copper deposit in Chile, a con-
siderable amount of blasting is necessary for the quarry-
ing; in softer deposits, such as the Caribbean bauxite,
more digging implements and less explosives are used.
An example of this technique is employed in Malaya, and
to a smaller extent in some of the other tin-producing
areas, where the digging, transporting and sorting are all
accomplished with a single piece of equipment, a large
dredge which lifts the alluvial tin ore from the river mud
in which it has been accnmulating,

The bulk removal of ore, along with the matrix of earth
and rock in which it les, is commonly referred to as mass
mining. It is practised most frequently in the case of mas-
sive ore deposits with a large surface onterop or a light
overhurden of waste matcrial. The more homogeneous the
product the more snitable for mass mining, and the higher
the proportion of metal present the more economical the
resnlt. High-grade manganese (such as is found in the
Gold Coast), hauxite (as in Surinam) and chromite (as in
Southern Rhodesia). in which between one-third and 1 .vo-
thirds of the material i< metal. are commonly handled in
this wav. A high metal content is not essential, however;
some of the most successful examples of mass mining
have involved low-grade porphvry ores with a copper con-
tent of less than one per cent. Where the metal js dissemi-
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nated sparsely but uniformly through a section of the
earth’s ernst, indeed, mass mining offers the only method
of extracting it; the economic suecess of the process de-
pends npou the effectiveness of the snbscquent handling
of the large tonnages of material that flow from the mine
throngh ernsher, mill and flotation plam.

Where the ore takes the form of a lode or vein, or a
series of sneb lodes ar veins (as in the zine and lead ore
deposits in Northern Rhodesia) mass mining is seldom
appropriate, In these cases, the ore veins nsnally have to
le followed in the ground and as mueh as possible of the
ore removed with as little as possible of the wnwanted
matcrial aronnd it. This nsnally involves sinking a shaft
tor perhaps several shafts) and tunnelling in such a way
as to facilitate the extraction of the ore and the ventilation
of the area of work; in other words, mining in its tradi-
tional sense. Many of the medium-ized zinc and lead
mines of Mexico, the copper mines of Northern Rhodesia
and the larger tin mines of Bolivia are hased on under-
gronnd operations of this nature,

In this type of mine, the width of the lode is unlikely
to remain nniform over its whole length, nor is the con-
centration of metallie ore likely to be constant. It is thus
possihle in most such mines deliberately to vary, within
certain limits, the average grade of ore actually extraeted ;
by mining the wide lodes or the concentrated ore, the grade
may be raised and, conversely, by mining the narrow
lodes or the more dispersed ore, the grade may he low-
ered. Tt is this degree of control over the composition of
the ore heing fed to the ernshers that has given the name
“selective mining” to this system of ore extraction.

Changes in the grade of ore are not the only ones that
may be encountered in the course of working a given
deposit. The very natnre of the ore may change as mining
proeeeds; metallic oxides at the surface may give way to
snlphides at depth, for example, as has happened in the
case of certain of the Chilean eopper deposits, necessi-
tating a complete change in the methods of milling, sepa-
rating and smelting, with the corollary of additional large-
<cale capital expenditure on new processing works, The
conhinuity of the ore body may be Lroken by faults or,
to & lesser degree, by dikes or intrusions which at best may
merely change the grade of the ore but may require the
relocation of the lode, the sinking of new shafts and a
considerable amount of new development before produe-
tive extraction ean be resumed. The temperature gradient
may be much stecper than originally seemed likely, thns
hpsetting the arrangements for ventilation and raising the
costs of deeper mining. Underground water may compli-
vate the process of mining considerably, necessitating ex-
pansion of the pumping system and perhaps the extension
of cementation to parts of the mine where simple timber-
ing had leen planned. The unexpected appearance of
'mderground pases may require a revision of lighting.
blasting and other mining practices. Changes in the geo-
logical formation may necessitate changes in the technique
of ore extraction as well as of tnnnelling and stoping,

Physical irregularities snch as these will inevitahly con-.
tinne to characterize underground ore hodies. Not all of
them are necessarily unfavourable and in the original

financial compntations made by a mining compauy, hefore
the decision to brgin exploitation i~ tahen, due allowanee
is presumably made to cover all probable risks of ore
variability as well a< alb probable minine hazards, Tn the
present context it is the fact of variation rather than the
direetion that is signiticant, thoush nnexpeeted deteriora-
tion in the ove hody or in mining conditions i< likely to he
more serionsly disenptive of mining plans. \dvances in
geological teehniques, however, mav suceeed in providing
information abont suel variations far enongh abead to
allow mining methods 1o be adapted withont andue inter-
ruption in the flow of ore, though not necessarily without
considerable additional expenditre.

SMELTING AND REFINING: SOME GENERVL PROBLEMS

For an nnder-developed conntry. the refinine «f a locally
nined non-ferrous ore represents & major indnstiv. It is a
means of diversifying employnent, and forms a training
ground for new <kills; it expands the market for domestic
produce - certain items of refinery equipment and stores
and the requirements of personnel - in mneh the same
way as the process of mining itself <timulates local de-
mand: and it adds considerably to the value of the are,
thus increasing the industry’s capacity for carnine foreign
exchange. The refined product mav al<o be nsed within
the country itself. forming the hasic of a fakricating
industry,

Despite the tendency for impart dutivs to rise with the
degree of pracessing, the refined metal is nsmally more
readily saleable than the ore. A <witel from ore to metal
exports, however, mav involve a switeh in markets, and
with the world divided into enrreney Lloes as it has been
in recent vears, an under-developed conntry mav have
preferred to sell concentrates for dollars rather than re-
fined metal for some soft curreney. Given the great refin-
ing eapacity in the United States, an advanee in the deoree
of processing in an under-developed conntry may tend. it
least at first, to diminish the chanees of sale on the dollar
market. This. in turn, mav tend in the <hort ran to retard
development of refining in conntries whiclh depend on the
United States market for their foreien exehanee from the
sale of raw materials. Tn the lons nine, however. the advin-
tages of a domestic metallureical industry are likely to
ontweigh those flowing from particnlar market attach-
ments. Mareover. the reopening of the Landon Metal Fx.
change and the progress made by mnjor Furopean enrren-
eies towards convertibility have considerably weakened
thi< argument against further domestic processing, In anv
case, the rapid expansion of its metal consmmine indns-
tries in recent vears has turned the United States. like
other major industrial conntries. into an importer not anly
of the ores of almost all the non-ferrons metaks Lt also of
the metals themeelves, i eeneral, therefore, wois in the
intere<t of nnder-developed imineral economies ta process,
at least to some degree, the ores they produce, and in the
lialt of this conelision, the present cectione reviews very
brieflv. some of the cansiderations which influence the
e~tablishiment and expansion of smelting aral refining fu
cilities in the uweighbourthood of the mine
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That such facilities are already fairly widespread — at
least in respect of the major non-ferrous metals — is
brought out by the maps presented in this chapter.
Though these maps do not show the distribution of known
resources, they give the location of most of the impos-
tant mines and smelters operating in under-developed
countries,

The nature of the metal and of the ore deposit

The first of these considerations is the nature of the
mineral product. The under-developed country with min-
eral resources would have much less to gain from the
preparation of metallic manganese or chromium or molyb-
denum or cven tungsten than from the production of cop-
per or lead or even aluminium; the reduction of the ores
of the former group involves complicated processes, and
ouly a comparativcly small proportion is used in pure
metallic form. In the case of these and other additive
metals, domestic utilization of the ores in the country
where they originate depends on the correlative growth
of a steel industry sufficiently advanced to produce other
than straight carbon steels. The steel industries of Brazil,
Chile, India, Mexico and the Union of South Africa all
make use of domestic manganese resources and produce
small quantities of some of the special steels, In the Union
of South Africa in 1951/52 for example, the largest pro-
ducing company actually exported some 4,000 tons of

ferroalloys, from an output of about 21,000 tons. In
1952/53, the corresponding figures had increased to 7,000
and 35.000 tons. Southern Rhodesia, with a steel output
of only 40,000 to 50.000 tons a year, hut large reserves of
iron ore and metallurgical chromite, has begun to produce
ferrochrome; with the support of a British steel firm a
company was established for this purpose in Gwelo in
1952. By 1954, its annual output was of the order of 5,000
to 7,000 tons though capacity was capable of considerable
expansion.® Of the tungsten producers, however, only the
larger of the under-developed countries — Argentina,
Brazil and the Union of South Africa, for example —
consume even small quantities of the metal, either as such
or as ferrotungsten (see table 18),

At present, the under-developed countries as a whole
account for less than one per cent of world consumption
of any of the additive metals. Their output of the various
ferroalloys will doubtless increase as iron and steel pro-
duction increases, and as industrial progress expands both
the demand for the metals and the supply of power for
the electric furnaces which their production requires, but
by and large the under-developed countries which pro-
duce the minor non-ferrous metals will continue for a long
time to export the bulk of their output as ore or concen-

8 The company began exporling on an experimental scale in 1953.
It has been estimated that if Southern Rhodesian exports of chro-
mite were converted into ferrochrome before being shipped, volume
would be halved and value increased tenfold.

Table 18, Exports and Imports of Certain Additive Metals by Under-Developed Countries,
1948.51, and International Materials Conference Allocations, 1932

(Metric tons, metal content)

Tungsien® Molybdenum® Nichel® Cobal
i i VR o B 172 TS iy Allegtion Aliggion Allocation
Argentina....................... 34 3 8 -— 0.5 4.5 9.0
Belgian Congo. . . ................ 122 —_ _ - — — —_ -
Bolivia. ......................... 1,214 -~ -~ —_— —_— 08 0.4
Brazil. . ... 390 4 12 —_ 3 205 87.6 19.1
Burma. ......................... 688 — —_ —_ — — — —
Chile................coiieves,  — 1 2 1,287 2 41 45.0 03
India................c..oiiih. — 48 23 —_ 124 4.3 385.1 10.5
Korea, southern. . ................ 621 - —_ 4 — — -— -—
Mexico. ...........cooiiiiiinins 76 —_ — — — —_ 16.0 35
Peru. . ... 183 — _ -— — — — —
Southern Rhodesia................ 44 - - - ~ - 24 08
Thailand................. ... 424 - - - - — —_ -
Turkey............ccooviiiiin. = - - - 1 9.6 16.8 34
Union of South Africas............ 99 9! 67 — nt 23.3 814 20.0
Rest of Africa®................... 3 - - - — - 3.8 04
Restof Asia®. .. ................. 40 - - - - - 10.5 0.2
Rest of Lalin America............. —_ —_ - - - - 15.2 19
ToraL. .. ...oooiviin, 4,010 63 112 1,291 55 62.3 799.1 69.5
Worep rorat! 8,443 10,948 17,580 4,042 3,647 21,858 142,398 9,765

Source: International Materials Conference, Report on Opera-
tions, 1952-53 (Washington, D, C., 1953).

* Ores, concentrates and primary products, including ferroalloys.

b Metal and oxides, ferronickel and certain other alloys.

¢ Metal, oxides and salts.

d Average for 1950-51.

* Including South West Africa.

t Average for 1948-50,

8 Excluding French North Africa.

* Exeluding the mainland of China.

'Excludinr mainland China, eastern Europe and the Union of
Soviet Socialist Republics. Before 1949 a sizable proportion of
Chinese exports of tungsten customarily entered bonded warehouses.
As this material passed 1hrough customs only later upon withdrawal,
it is statislically possible for total imporis for consumption to have
exceeded total exports, during the period 1948 to l’.~‘5¥.

Mm&mwiw 2
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trates to more industrialized consnmers. In the case of
these metals, therefore, the indnstry in the under-devel-
oped cauntry will continue to consixt largely of the extrac
tion of the ore, its heneficiation to a technically satisfactory
metal content and the conveyance of the bulk of the output
to a port for shipment. If thesc operations are performed
as efficiently as possible, account being taken of the fre
quent advances in beneficiation techniques. then the devel-
opment |otential of the industry will depend on such con-
ciderations as the progress of domestic steel nanufacture,
the price realized for the ore on oversea markets and the
manner in which the resultant funds are employed within
the economy. These lie outside the industry itself and are
discussed in the next chapter.

Apart from the ferroalloy ores, non-ferrous minerals
are all marketable as metals; indeed as suggested above,
they are generally more readily marketable as metal than
as ore. Moreover, there is a considerable pecuniary ad-
vantage in processing the ore as far as the country’s eco-
nomic and technical resources allow, since beneficiation
adds substantially to the value of the ore, while smelted
and refined metal is worth very much more than it was
when still contained in its ore (see table 19),

Whether in any particular case the mining industry can
economically be extended to include smelting and refining
depends in the first place upon the size of the ore body.
Investment in smelting and refining plant is commercially
justified only if there is a supply of ore sufficient to feed
the plant at optimum rate at least until the original invest-
ment has been amortized. Such ore need not be of domestic
origin, but though a country with advanced power facili-
ties 11ay be able to build up a metallnrgical industry on
the basis of imported ores, it is to domestic ore resources
that an under-developed country must first look before a
decision is made regarding the erection of a smelter.

Fvidence of this fact is found in the concern manifested
by some of the larger non-ferrous metal groups to control
ore resources that are suficiently productive to supply
indefinitely the bulk of the required intake of their own
smelters and refineries. Many of the mineral deposits in
less developed areas are fully capable of sustaining techni-
cally independent smelting and refining facilities; such
arc to be found in the copper ore deposits of the Belgian
Congo, Chile and Northern Rhodesia. There are many
places, on the other hand, where small pockets of ore jus-
tify mining but not the erection of elaborate surface works,
and in these cases there may be no alternative to treating
the ore in the manner suggested for the ferroalloy ores
ahove: extraction, beneficiation and shipment. If, how-
ever, there are many of these pockets which could be mined
over an extended period, the erection of a central smelter
might be warranted. This has heen done in Chile, where
in 1951 a government-sponsored smelter was built at Pai-
pote to serve a number of small independent mines which
had previously exported their product in the form of con-
centrates. In much the same way, the Mining Bank of
Bolivia has constructed a smelter to handle the concen-
trates of small tin mines. A similar central smelter might
add to the development potential of small lead mines in
French Morocco, which at present have to export their

output as concentrates to he refed in France. Nigeria,
too, might benefit from a central refinery to handie tin
ore now gathered from a large number of small placer
deposits, although in this case techuical evaluations indi-
cate that at this stage the conntry’s tin resources e too
slender, and the expected lifc of the mines too short, to
warrant investment in a local refinery.

The criterion of cost

Another determinant of the location of metallurgical
works is the cost of their establishment and operation, and
in this an under-developed countiy may often be at a dis-
advantage in comparison with some of the more indus-
trially advanced countries. In the first place, most of the
requisite equipment is manufactured almost exclusively
in highly industrialized countries, and its acquisition,
transportation and installation involve costs which tend to
increase with the remoteness and lack of facilities of the
area in which they are to be used. Maintenance of plant
and replacement of equipment likewise present special
problems in under-developed regions. Technological prog-
ress in the industry, moreover, has nsually tended to fa-
vour the industrial countries, emphasizing mechanization
and the use of power and reducing the relative employ-
ment of labour, to the disadvantage of arcas in which
capital tends to be a much scarcer factor than labour.

In the copper industry, for example, growth in the size
of the smelter, as well as in the capital cost of installation,
is illustrated by the fact that, whercas the reverberatory
furnace used towards the close of the nineteenth centnry
was about 25 feet long by 10 feet in diamcter and conld
handle a charge of 15 to 20 tons a day, furnaces buil
just before the Second World War were about 150 feet
long by 22 feet in diameter and capable of handling a
daily 1,000-ton charge, with no increase in the amount
of supervisory labour. With the relative increase in the
volume of fine (milled) ore which has followed the grow-
ing use of Hotation separation, the reverberatory furnace
has tended to replace the blast type. Similar development
has taken place in the design of converters: from the first
model which carried a 4-ton load of matte, and the carly
twentieth century models which handled 15 to 20 tous, to
those in current use, which take up to 100 tons of matie
and are capable of producing up to 3,000 tons of blister
copper each month.

By and large, the higher the metal content, the greater
the value of each ton of ore, and the higher the valne of
the ore, the greater are the distances over which it may
be economically shipped. Other things being equal, there.
fore, the lower the grade of ore the stronger the forces
making for treatment at the mine, Transport costs, how-
ever, are only one element in the total cost of producing
and marketing the metal. Moreover, as indicated later
this chapter, within an integrated system the problem of
smelter and refinery location is one of minumizing cot,
not necessarily for any individnal mine or smelter com-
ponent, but for the system as a whole.

In general. the greater the degree of  benchieiation
achievable at the mine, the less is the disadvantage of
exporting concentrates instead of metal. Thus tin ore,
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Table 19. Prices of Certain Non-Ferrous Ores and Metals, Mid-1954

Hem. markel and unit

Price per unit

Descriplion

Metal

Aluminium:

France (thousanls of francs per
metricton) . . ........ ... ... .

United Kinglom (pounds sterling
perlongton).... ... ... . ..
United States (dollars per long ton)

Copper:
Mezxico (United States cents per
pound, metal content)

........

United States (cents per pound,
metal content). ... ... ... ..

Lead:
United States (dullars per [ong ton)
Tin:
Australia (Australian pounds per
long ton, metal content)

United Kingdom (pounds sterling
per long ton, etal content) ., .

United States (cents per pound,
netal content)...............

Zinc:

United Kingdom (pounds sterling
perlongton).. ... ... ... ...

United States (Jollars per short ton)

Antimony:
United Kingdom (pounds sterling
perlongton)....... ... .. ..,
United States (dollars per short
ton, metal content) . ... .. .. ..

Chromite:

United Kingdom (pounds sterling
perlongton).... ... ... ...

United States (dollars per long ton)

Cobali:

Northern Rhodesia (shillings per
pound). ... ... ... ........

United Kingdom (shillings per
pound)..... ..o L. L
United States (dollars per pound,
metal content)..............,

Manganese:
United Kingdom (pounds sterling

perlongton).... ... ... .. ...

United States (dollars per long ton,
metal content}..... ..

Ore Melal
o.1 180
7.5 156

18.5 497
8 30

20.2 306
198 330
800 968
301 739

75 92

17 74

64 230
17 210
470 570
84

14 742
4.5 2,755

8 2
13 21

1.3 26
29 54

244
88 672

72 per cent aluminium, 3 per cent
iron, f.o.r.

Hauxite ex British Guiana, c.if,

Abrasive quality, 82 10 84 per cent,
fo.r.

Unit value, f.0.b., ores and concen-
trates exported in 1954

Unit value, {.0.b., imports of Canadian
ores and concentrates, average 1953

Galena, B0 per cent, f.o.r. Joplin

Concentrates, 70 per cent, delivered
Sydney

Unit value, f.0.b,, ores and concen.
trates imported in 1954

Unit value, f.0.b., concentrates ex-
ported from Indonesia

Sulphide, 52 to 55 per cent recover-
able content, c.i.f.
Concentrates, 60 per cent f.o.r. Joplin

Sulphide, 60 per cent, delivered
60 to 65 per cent, c.i.f.

Lumpy, metallurgical, ex Southern
Rhodesia, c.i.f.

48 per cent, chromium-iron ratio, 3:1,
dry, f.o.b. Atlantic Coast

Alloy, average unit value, f.o.r.,
Nkana

Black oxide, delivered

F.o.b. Ontario

48 per cent, c.if.; price of metal
content

48 per cent, c.if.

Y9 per cent, f.o.r.

Ingots, 99 10 99.5 per cent, delivered
Ingots, 99 per cent, fo.r.

Unit value, f.0.b., blister and electro.
lytic copper exported in 1954

Unit value, f.0.b., imports from Can.
ada, average 1953

Common grade, f.o.b. New York

Delivered Sydney
Ingots, 99.75 to 99.9 per eeat, London

Straita tin, New York

Refined, delivered

Prime western, f.0.b. East St. Louis

Regulus, 99 per cent, delivered
99.5 per cent, bulk, f.0.b. Laredo

Ferrochrome, lumpy: 60 per cent
chromium, 4 to 6 per cent carbon,
delivered, 6 to 10 ton lots.

98 to 99 per cent, delivered

97 per cent, 1 per cent iron, ton lots

Average unit value, f.o.r. Nkana

Delivered

Rondelles or granules, 97 to 99 per
cent, 500 to 600 pound lots, f.0.b.
Niagara Falls

78 per cent ferromanganese, deliv-
ered

96 to 98 per cent refined metal, de-
livered

Flectrolytic, 99.9 per cent, f.o.b.
Knoxville, Tennessee
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Table 19. Drices of Certain Non-Ferrous Ores and Metals, Mid-1954 (continued
Price per unil Deseription
Item, market and unit e o e e it
Ore Metal Ore Melal
Molybdenite:
United Kingdom (shillings per 1 85 per cent MoS; cif. Ferromolyhdenum, carhon-fiee, 65 to
pound, metal content) ...... .. 8 75 per cen, delivered
40 Powder
Uniled States (dullars pcr pound
melal conlent).. . i 3 F.o.b. Climax, Colorado 99 per cent, New York
Nickel:
United States (cenls per pound,
melal content)............... 28 60 Unit value of imports, f.0.b. Elecirolytic, New York
Tungsten:
11 17 Wolfram, 65 per cant, c.if. Ferrotungsten, 80 to 85 per cent;
Uniled Kingdom (shillings per price of metal content, delnered
pound).......oo 20 Powder, 08 10 99 per cem; price of
metal content, delivered
United Stales (dollars per pound) 3 4 Doinestic scheelite, 65 per cent; price 98.8 per eent; in 1,000 pound lots,

of WO, content

New York

Source: Metal Bulletin (London); American Metal Market (New York); Engineering and Mining Journal (New York); and uational

trade statistics,

which can be concentrated up to 70 per cent or more of
metal content, is shippicd great distances: from Indonesia
to the Netherlands and the United States, from Nigeria to
the United Kingdom, from the Belgian Congo to Belgium.
Even lower grade and more recalcitrant ores from Bolivia
are shipped to the United Kingdom and the United States.
Similarly, zinc and lead concentrates move from Australia
to the United Kingdom and the United States, from the
Belgian Congo to Belgium, from Peru and South West
Africa to the United States. Copper concentrates, which
usually have a much lower metal content, tend to travel
very much less, though even in this case the smaller pro-
ducers, Bolivia, Cuba, Cyprus and Newfoundland, export
their whole output in the form of ore or concentrates,

An important consideration influencing the relative
movement of ore and metal is the existence of a differen-
tial in the actual cost of transport. Where the freight rate
per unit weight is lower for the ore than for the metal it
constitntes a force militating against the establishment of
a local smelter or refinery. The freight rate on tin from
Indonesia, for example, appears to be based on metal con-
tent, =0 that no additional costs are incurred when concen-
trates are shipped instead of refined tin. When the destruc.
tion of the Bangka refinery during the Second World War
opened the question of where the Indonesian concentrates
were to be shipped, it was found that rates could be ob-
tained which made the journey to the Arnhem smelter in
the Netherlands no costlier than the very much shorter
journey to the Straits Trading Company’s smelter in Singa-
pore. Similarly, an export duty levied on metal content —
as in the case of tin in Bolivia, for example — tends to
discourage both beneficiating and smelting at the mine.

When there is no freight discrimination between metal
and ore, there is an obvious advantage in shipping the
former. Where the distance is great, indeed, especially in
the case of rail journeys, it may be economieally impossi-

ble to ship anything but the pure metal. This wax one of
the reasons for the establishment of the irst fead sinclter
at Broken 11ill in Northern Rhodexia, in spite of economic
and technical difficulties arising from the remoteness of
the ore deposit.

There is also an advantage in reducing the amount of
moving and handling of ore by rapil and direct transfer
from mine to metallurgical works, Farthermore, the physi-
cal shortening of the flow of materiuls tewds to rednee the
size of the inventories which must he held at euch stage of
the beneficiation and smelting process, and this in tarn
makes for the more productive use of capital.

Where there is an incipient domestic demand, moreover,
there is an additional advantage in having the metal pro-
duced at the mine, for, other things heing equal, its cost
to local industries using metals is likely to be lower than
the cost of imports from foreign refineries, Where the
demand is small, however, ax it is likely to he in most
under-developed countries, it may be dificnlt to provide
the metal in the various forms in which it is required by
local industries, The Union of Sonth Africa, for example,
in spite of metallic copper exports of almost 32000 tons
per annum in recent years, has had to import copper to
the extent of abont 13,000 tons a year largely hecanse
neither the Okiep blister nor the Messina fire-refined
product is suitable for local producers of electrical cquip-
ment.®

Technical problems

Implicit in the preceding section is the fart that the eco
nomic criterion of cost ducs not operate in a vacuum;
it has to be applied within a given techuological frame-
work. The location of the metallurgical plant depends

e et

61n this instance Ineal copper fails t+ meet the standards laid
down by the International Flectrotechnical Commission in 1925
which have been adopted by fabricators.
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partly on the nature of the smelting problem, and this
varies from one metal to another and even from one ore
body to another. hn general, lead is wnore casily refined
thau the other von-fervons metals; tin, copper, zine and
alomivinm. in that order, tend to present increasingly
difficult tasks. The less tractable the ore the more likely
s its shipment (in concentrate form) 1o an industrial
comitry possessing metallnrgical facilities capable of
handling it. This is not to say that technical problems are
necessarily insolnble with the techiological resources at
the dixposal of an undeveloped cconomy s much depends
on the extent to which technicians are available for re.
search and experiment at the mine., thongh in some cases
the elose organization of some sections of the non-ferrous
metals industry may tend to prevent the exporting country
from taking an independent line,

Where the ores are of a fairly standard naturce, there
may be no new metallurgical problems to solve; the ques-
tion is then largely one of engineering and involves the
adaptation of known techniques to the particular eircum-
stances of a given mine and its available facilities of water.
fuel, power and labour. With some ores. however, stand-
ard metallurgical techniques and straightforward smelting
methods may not be good enongh. Fconomic success may
depend on maximuni recovery of the metal, as it does, for
example, in the case of the tin ores of Bolivia which, unless
“sweetened” by admixture with more tractable ores, arc
subject to excessive losses when treated in the normal way.

Quite apart from the technical difficulty that may arise
in treating the recalcitrant ores of a single metal, the pres.
ence of subsidiary metals in an ore, if these are of suffi
cient value, may militate against treatment at the source,
by makiug it cconomically preferable to export thc ore
to a plant where all the by-produets can be fully recovered.
The presence of zine or silver in lead ores (as in many
Mexican and Peruviau deposits). of nickel in copper ores
(in certain Canadian deposits), of gold in copper ores (in
a mumber of Yngoslav deposits), of copper in lead ores
(in the Mpanda deposit in Tunganyika and the Tsumeb
deposit in South West Africa). of vanadiom in zine ores
(in Northern Rhodesia), of cadminm in zinc ores (in
mimerons Mexican deposits). of tungsten in tin ores (in
Bolivia, Malaya. and Thailand). of eopper in tungsten ores
(in Bolivia and Portngal), of molybdenum in copper ores
(in the porphyry deposits of Mexico). have all tended at
varions times aund in varions ways to complicate the prob-
lem of recovery. The evolution of the technique of differ-
ential flotation in the nineteen twenties was a major step
forward in the handling of complex ores. facilitating their
beneficiation not only in Anstralia. Canada and the United
States, where it was first nsed. but also in Mexico, Peru,
Northern Rhodesia and other mnder-developed countries.
Nevertheless. there arc still many deposits of recalcitrant
ore whicl require more than the metallurgical skills com-
monly available in an under-developed country for sue-
cessfnl smelting and refining.

Some of these problems mav b illustrated by the devel
opment of the Broken Hill mine in Northern Rhodesia
where lead-zine ores were discovered in 1903 Although
the railway line reached the site in 1906, it was not until

T915 that the first metal was produced. This was lead, pro.
duced nnder leasc by the Rhodesian Lead and Zine Syndi-
cate from the rich oxidized ore which formed the most
accessible of the Broken 1Kl deposits. The ore was smelted
directly. withont preliminary treatment, in a small (+foot
diameter) blast furnace which yiclded fairly high-grade
pig-lead. A large water-jacketed furnace was erccled in
1917, and when the mining company took over the metal-
lurgical works in 1919, two furnaces were operating with
a capacity of 1.200 tons of pig-lead per month. Two more
furnaces were erected in 1920 and 1921, but the supply
of high-grade oxidized ore was inadequate, and after 1923
production tailed off. the original deposit being mined
out by 1929, In the mcantime experiments had been con.
ducted on the oxidized zinc ores derived from another part
of the property, and a pilot plant had shown the feasibility
of electrolytic reduction of these silica-rich ores from an
acid solution. In 1923 work was begun on a hydroelectric
station abont 35 miles from the mine, and in 1928 a new
electrolytie zinc plant came into operation, Except for an
18-month shut-down during the depression, zinc produc-
tion continued at about 20,000 tons per annum until 1936,
when exhanstion of the oxidized dcposits caused a gradual
decline in output. A diamond drilling programme
launched in 1930, however, revealed eonsiderable ore re-
serves below the 225-foot level which was then the limit
of mining. As these new ores were largely mixed lead and
zinc sulphides, their treatment involved new metallurgical
processes: a system of diflerential Hotation for the separa-
tion of the ores, a flash roaster unit for calcining the zinc
sulphide prior to leaching, and new kettles in the lead
smelter for the production of refined metal. During the
war a second hydroclectric station was built, as well as a
1,500-kilowatt stand-by thermal station, and two new and
deeper shafts were sunk. one for pumping and the other
for ore delivery. By 1916, the plant was capable of pro-
ducing 14,000 tons of refined lcad and 22,000 tons of
electrolytic zinc each year. Separation of vanadic ore has
been undertaken intermittently ever since the commence-
ment of zinc refining, but the technical problems have not
yet been solved, and production has sunk to a low level
in post-war years.?

The Rhodesia Broken Hill Development Company, Lim
ited, had a strong economic incentive to solve it major
metallurgical problem- ‘or, given the metal prices pre.
vailing dvring the period between the wars, it probably
would not have been able to cover the high eost of export-
ing zinc or lead ores or concentrates f rom so remote a
mine. On the other hand. the oxide ores that were first
mined were rich enough — 1.4 per cent lead and 27 per
ceut zine, comparable to the best deposits in Australia —
and sufficiently tractable to bear the high cost of erecting
and operating local processing facilities, Moreover, the
company alzo had certain advantages from its connexions
with a large mining group — the Anglo American Cor-
poration — and in having on its staff technicians who had
had expcrience with the lead-zinc mines of Australia.

T See P I Gleeson, “The Stary of the Broken Hill Mine in Norih.
ern Rhndesia,” Optima, volume 2, No, 3. September 1952 (Johannes-
hurg), page 5,
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Fuel and power

The brief description of the conversion of ore to metal
at the Broken Hill mine in Northern Rhodesia indicatex
the importance of adequate power, not only in the treat-
ment of coiiplex ores but alzo in smelting and refining
processes in general. The electrolytic refining of copper
requires as much as 2,500 kilowatt-hours of electricity per
ton of metal. the refining of zine 3.000 kilowatt-honrs and
the conversion of alumina into aluminium ne less than
20,000 kilowatt-honrs per ton,

Lavk of fnel — coal is generally the most convenient.
thongh fuel oil and natural gas are being increasingly
nsell — makes even simple smelling with carrent tech-
niques both diflienlt and costly in many areas, and places
snch conntries as Cuba and Cyprns, and to a certain extent
Bolivia, in the position of either iimporting large guantitivs
of coal or exporting their mineral outpnt in the form of
ores and concentrates, Chile, on the other hand, has the
fuel and power resounces reqnired for the development
of a metallurgieal industry. In Mexieo the established
mineral areas have the necessary power capacity, but the
newer areas, whieh are likely to become increasingly im-
portant with the exhaustion of older mines, still lack ade-
qnate faeilities.

In Peru, one of the first investments of the Cerro de
Paseo mine in the early years of the present eentury was
in a colliery. In Nigeria, the seasonal elosing of the tin
mining industry is largely a resnlt of the inadequacy of
clectrie power during the dry period of the year, and
shortage of power was probably one of the reasons why
no loeal smelter was ever establisheil. In Sonthern Rho-
desia, the new ferrochrome industry has heen severely
handicapped by power shortage due largely to dilliculties
in improving the mining and transporting of coal fromn
the Wankie enlliery, lu all countries economic reduction
of alumina dependsx largely on the availability of cheap
power; the establishment of refineries in the Gold Coast
and Pern, for example, is at present contingent on the
completion of hydroelectric projects — on the Volta River
and the Candn lel Pato, respectively.

The Belgian Congo, though affected by oecasional
droughts which have from time to time redueed some of
the river flows, is well placed in respect of hydjoelectric
potential, and at present the mining industry is both
the largest producer and the largest consumer of power.
The Union miniére, the largest of the Belgian Congo
mining groups, now nperates four hydroelectrie stations
with a normal output of some 2.5 billion kilowatt-hours
a vear—sufficient to supply not only its own mines and
refineries but also the public utility requirements of
Katanga and leave a margin for export. Northern
Rhalesia, however, has hail its eopper produetion cur-
tailed throughout the post-war period by coal shortages
which are (in mid-1955) in the process of being remedied
by the mechanization of the Wankie colliery in Southern
Rhoilesia and the improvement of the railway service
whieh earries ecal to the Rhodesian Copper Belt. Within
the next decade energy supplies are likely to be increased
considerably by hydroelectric projects — at present in the
planning stage — in the Kariba gorge and on the Kafue

River. In the meantime, the fonr producing mines have
established an intercomnected grid which veduees the
need for stand-by equipment and provides for a relatively
coavenient link with the Natanga electricity network
across the border in the Belgian Congo, from which it
ix intended 1o buy energv. at least il the domestic
plants start generating,

In Malaya, clectric power development has heen stimu-
latedd by tin mining ever since the carly years of this
centnry, hut weither of the lavge smelters vt Penang
and Singapore) seems to have been handicapped by fuel
or power shortages. When the Bangka smelter in the
Netherlamls East Indies was operating before the war,
however, it relicd on imported fuel, In New Caledonia,
the constrmtion  of hydrocleetrie  facilities for  the
chromite mines also provided the nickel mines with
power. permitting a higher degree of bencticiation  of
ore and reducing their dependence upon imported high-
cost cnal,

The availability of low-cost power is one of the main
reasons for the prominence of Canada in the abmininm
industry. In inuch the same way, the hydrocleetric po-
tential of Norway has made that country more important
in the metallurgical fickd than its ore resources or its
status as a consumer would have justihied; it has a large
output of aluminium, operates a sizable nickel m:finery
aml is a ajor producer of several ferroalloys, Power
facilities also helped Switzerland become an rvarly aml
significant prollucer of aluminium and Sweden one of
the principal exporters of ferrotungsten and ferromolyhb-
enum. The pattern ¢f non-ferrous smelting and refining
activities may thus be greatly inlluenced by the avail-
ability of power and in this respect the development
of nuclear vnergy may permit a considerable expansion
of the metallurgical imlustry in some of the Irss developed
countries in which conventional soures are scarce.

Influence of international relationships

Proximity to an industrialized country sometimrs temls
to retanl the growth of metallurgical activities in a less
developed one; the disparity in facilities when combinenl
with relatively low transport costs may make it profitable
to move ore (or concentrates) Lo a foreign smelter rather
than sinelt it at the mine and later move the refined metal
to the markets of an industrial country. Thus metal-
lurgical development in Mexico wonld probably have
bern mnore rapid had not elhcient smelting and refining
plants existed across the United States border in Arizona
and Texas, In 1948, no s than 30 per cent of the
Mexican zine output of 200,000 tons was exported as
coneentrates to the American Smelting and  Refining
Company (ASARCO) smrelier at Amarillo. Texas, and
its associated refinery at Corpns Christi; while the whole
output of the Moctezuna Copper Company of Mexico
was exported for processing in the Phelps Dodge Cor-
poration smelter in Douglas, Arizona, and the Phelps
Dalge Corporation refinery in El Paso, Texas,

In the same way, the copper orc output of the Granhy
Consolidated Mining, Smelting and Power Company,
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Limited, and the Britannia Mining and Smelting Com-
pany, Limited, in western Canada crosses the border to
be smelted and refined at the ASARCO plant in Tacoma,
Washington. The rapid development of the metallurgical
industry in Canada in recent years has not significantly
reduced the proportion of non-ferrous metal exports in
the form of ore. In 1938, about one-fifth of the Canadian
mine output was exported as ore, matte or concentrates;
in the period 1952 to 1954 the proportion exported in
this form was about one-fourth in the case of copper,
almost one-third in the case of lead and about one-half
in the case of zinc, while a good deal of the nickel output
is still exported as matte or speiss for refining to the
United States.’

Before the war, both Spanish and Yugoslav metal-
lurgical development was probably handicapped by the
nearness of the more advanced industrics of Francc,
Germany and the United Kingdom. It is probable that
the existence of adequate smelting and relining facilities
for tin in Malaya has similarly militated against the
establishment of plants in Burma, Indochina and Thai-
land, where the output of concentrates is very much
smaller.

Easy physical access to established facilities, however,
is 1ot of itself sufficient to prevent the construction of a
prucessing plant at the mine in a less developed country.
Much depends on the organization of the industry, It
is as well to recall at this stage that the modern non-
ferrous metals industry grew up in the principal in-
dustrial conutries in response to new demands for metal
arising from the advance of machine technology in
general and, in the last quarter of the nineteenth century,
of the electrical engineering industry in particular, In
the first instance, the industry was organized almost
eutirely on the basis of domestic ore resources, Thus,
most of the sinelters and refineries of Europe and the

/nited States were located iritially so as to provide
econoinical transportation of fuel and ore supplies that
were for the nost part of domestic origin. Many of the
carly smelters were independent enterprises treating ores
or concentrates from small mines on a custom or toll basis.

As in the case of other industries, however, there were
strong forces, both technical and economic, making for
vertical and horizontal integration. The merging of mines
under single ownership or control often resulted in more
effective exploitation of a given ore body. Technical
advances in methods of snielting and refining, generally
accompanied by greater mechanization, tended to jn-
crease the economic size and throughput of metallurgical
works. This in turn stimulated the search for new sources
of ore to feed into the new or expanded works and, as
a corollary. a tendency to tighten the bonds between the

8 At Huntington, West Virginia, in particular, where 1he Inter.
national Nickel Company of Canada, Limiled (INCO), operates a
refinery. INCO also exports crude nickel sulphide and oxide to a
refinery it operates at Clydach in Wales, and the Falconbridge
Nickel Mines, Limited, sends nickel matte from its smelter at Sud.
bury, Outario, ta a 20,000-ton capacily refinery at Kristiansand in
Norway.

smelter and the mines which supplied it with ore. Prompt-
ing these organizational developments was a rapidly ex-
panding demand for most of the base metals. This was
the background for the birth and growth of the large
multiple-unit concerns which have since come to pre-
dominate in several branches of the industry, exercising
a major influence on the subsequent location of processing
facilities,

A mine acquired or developed specifically as a tributary
to an existing smelter is more likely to ship its output
as orc or conceutrates than to build up its own processing
facilities. A tributary to an existing refinery, however,
may set up its own smelter, shipping crude metal rather
than ore or concentrates on the one hand or refined metal
on the other. The cost criterion may no longer be con-
sidered appropriate to the mine as a separate economic
unit but, as indicated above, may be applied to the
system as a whole.

The effect of organizational affiliation is illustrated by
the contrast between the Moctezuma Copper Company
in Mexico, which became a tributary to the well-
established system of the Phelps Dodge Corporation in
Arizona and Texas and remained an exporter of ore,
and the Cananea Consolidated Copper Company, S.A.,
not far away, which was not incorporated into the small
Arizona system of the Anaconda Copper Mining Com-
pany of which it is a subsidiary but rather into the
much larger system based on the more distant Raritan
Copper Works in New Jersey, and became an exporter
of blister copper from the smelter constructed at the mine.
Similarly, before the war, the copper mine of the
Lerro de Pasco Corporation in Peru was associated
with the American Mctal Company system based on a
200,000-ton refinery in Carteret, New Jersey, exporting
blister copper from its own smelter in La Oroya, Peru.
The enlargenient of the system by the accession of new
mines supplying Carteret — the Okiep Copper Mining
Company, Limited, and the Tsumeb Corporation, Limitcd,
in southern Africa and a portion of the Northern Rhode-
sian Dblister output from the Mufulira Copper Mines
Limited, and the Roan Antelope Copper Mines, Limited —
was accompanied by the construction of a refinery at
La Oroya which turned the Cerro de Pasco Corporation
into a small self-contained system, with the American
Metal Company responsible for selling the output of
refined copper — about 28,000 short tons in 1954, Thus,
the internal organization of the large non-ferrous metals
groups may tend to inhibit the metallurgical progress of
a mining area at one stage and encourage it at another.

Not subject to economic calculation in the same way
as most of the preceding influences on location is the
question of the security of the investment and the relia-
bility of the flow of materials, If the mine, smelter or
refinery is located outside the country in which the
parent concern is domiciled, the flow of the product
may be more easily cut off in the event of war, for
example while political shifts may lead to fundamental
changes in the status of the enterprise. In any event
a foreign branch is usually more difficult to control,
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and its profits may not always be f cely transferable.?
Some weight is necessarily given to these additional risks
in the assessment of costs by a potential investor, such
as a non-ferrous metal group deciding on the location
of a new refinery, espccially when, by such investment,
the foreign ore-to-metal system is made more or less
self-sufficient and its dependence on the organization as
a whole reduced.

Where the risks are considered high and the future
particularly uncertain, it is unlikely that a sound long-
term mining policy will be pursued, whether the mine is
autonomous or linked to an international group. There
may be a tendency to exploit known ore resources with
undue haste, inadequate development of reserves and little
investinent in surface facilities.'?

Fiscal influences

The influence of the government of an under-developed
country with non-ferrous ore resources upon the location
of processing facilities is exercised primarily through its
fiscal policies, which are likely to have a significant effect
upon the magnitude and direction of the investment of
mining concerns, By such measures as remission of duty
on imported metallurgical plant and equipment, tax
incentives which encourage the reinvestment of mining
profits, and differential levies favouring the export of
refined metals as against their ores or concentrates, a
country with inineral resources can make it more attrac-
tive for the industry to undertake domestic processing
than to limit itself to the simple mining and export of
ore. While it is true that in the case of international
graups such incentives may be offset, wholly or in part,
by fiscal measures enacted in the industrial country in
which the parent concern is domiciled, in general they
have played a significant part in influencing the structure
of the non-ferrous metals industry in under-developed
areas.

In 1901, for example, Malaya, which was then pro-
ducing more than half of the world’s tin supply, imposed
a very high export duty on tin concentrates in an effort
to deter other cauntries from entering the smelting field.
This duty probably contributed to the maintenance of
Malayan leadership in the industry in Asia, though by
1948, when the duty on concentrates was reduced to the
level of the duty on tin metal, large smelters had been
established in the Netherlands East Indies as well as
the Belgian Congo. the Netherlands and the United States.

Contemporary policy in Malaya is not designed to
encourage the processing of domeslic ores — on the con-

9 A reasonable assurance of the ability to transfer profits ie
more likely in the case of mining investment than manufacturing
investment. As mos1 of the ore or meal is likely 10 be sold on
foreign markets, the mining eoterprise usually earns the foreign
exchange out of which its profils are to be iransferred. In some
cases, inter-company transaclions may be effected at nominal
prices which allow most of the profit to accrue to the unii—re-
finery or fabricating plant—in the industrial country in which 1he
group is domiciled.

10 Some of thesc points are examined in greater detail in the fol-
wwing chapter, where the developmental potential of 1he non.
ferrous metals industry is dimuesmﬁ

trary, the tax tends to be higher on the metal than on
the are, at least when the price is high:' it s aveed
vather at attiacting imported ores for local processing,
since tin smelted from these ores may he exported withomt
duty. So far as disconraging the establishment of smelters
in neighbauring tin producing conntries is concerned.
this policy probably serves the purpose more cfectively
than a high duty on exports of domestic ore.

In contrast to the carly Malayan export dax, the one
levied in Bolivia was based on taetal caatent. designed
to raise revenne rather than cnconrage local smelting,
In Chile the early taxes ou copper were ad valorem, bul
towards the end of the nineteenth century they were trans.
formed into specilic duties levied on each tan of con-
centrates. This provided some incentive for attempts to
reduce their effect by increasing the valne added throngh
domestic processing. In the event, however. the change
had very litle influence on the copper industry sinee
declining world prices magnified the burden of the lixed
tax and contributed to the diversion of capital to the
nitrate industry,

v general, import and export tariff policies are two-
edged weapons; their usefulness from the point of view
of the under-developed country can be greatly impaired
or even nulliied by carvesponding devices in the in-
dustrial countries which provide mmch of the mining
capital and most of the equipment, aud purchase most
of the resultant mineral output, It is not unconmon for
the customs tariff in industrial countries to vary dircetly
with the degree of processing undergone by imports,
unworked raw materials enjoying the lowest rate of duty.

In the United Kingdom, for example. most non-ferrons
ores and concentrates are admitted daty-free. Tin and
copper metal arc also free of duty, thongh a specifie
duty (not exceeding 10 per cent ad valorem) is levied
on lead and zine. In the case of articles wholly or partly
manufactured from any of the nou-ferrons wetals, how-
ever, the general rate of duty is 20 per cent ad valorem.'*

A similar gradation of tarill obtains in the customs
union of Belgium, the Netherlands and bLoxembourg
(BENELUX): all raw (uwmnanufactured) non-ferrous
metals are admitted free of duty. 2 per cent ad valorem
is charged on copper bars. 1 per cent on other copper
semi-manufactures and on bars, wire, slabs and sheets
of lead, tin and zinc, 6 per cent on tolies and pipes and
similar senti-manufactures of non-ferrous metal, 8 per
cent on tanks and cables and other more processed
articles, and 15 per cent on padlocks and fittings and
other fully manufactured non-ferrous mictal goods,

11 The present expont duty on 1o in Malaya, intenaed 1 be pn
marily a reveauc-raising 1ax 1and an anti-inflabon deviees reverses
the principle on which the carly daiv was baced. Tle didy on ore
is the same as that on me1al 240 Malavan dollare per picd - w0
long as the market price of 1in does nod excerd Mal 84 per pacal,
As 1he price rises the duly rises by 12 cente an evers Mulnvan
dollar; in the case of ore, however, 1here w an additional levy ol
80 cents per picul, whereas in 1he case of ruetal <nelted from loeal
ore there is a <urcharge of one-third.

12 These ad valorem dulies are subjec) 10 imperial preference
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In some countries, duties may be refunded upon the
re-export of the coads on which they were originally
levied. Refunds of this nature have their counterpart in
the practice of permitting imports *“in houd”, under which
the nan-ferrous wetal refining industry in the United
States built up a Jarge export business hetween 1910 and
1930, During this period, United States exports of refined
and fabricated metals consisted not only of domestic
procuction surplus to iuternal needs but also of the
praducts of metallurgical plants working on imported
ores, concentrates and crude metal. United States refinery
capacity was thus eunlarged well beyand the output of
domestic mincs. Before the Second World War this
refinery capacity was also in excess of domestic require-
ments of refincd 1etal, hut in the late nineteen-thirtics
an increasing proportion of refinery ~utput was retained
for domestic cousumption, while in the post-war period.
as indicated in chapter 2 abave. the country emerged
as a net importer of most of the base metals,

The United States 1ariff has traditionally protected
domestic mines as well as domestic nianufacturers, Lead
imports were dutiable as early as 1790; a copper duty
was in force during the period 1883 to 1894 and was

reimposed (at a prohibitive level) in 1932; zinc and
tungsten duties were first imposed in 1909 and manganese
duties in 1922. The country’s recent conversion from
@ net exporter to a net importer, however, has reduced
the advantages of such protection and, under the 1950
tariff schedule, imports of many orcs and concentrates
were admitted duty free, though lead and zinc ores
remained subject to a specific duty of 0.75 cent and 0.6
cent, respectively, per pound of metal content (see table
20). While their ores are admitted free, antimony and
chromium metal are both dutiable. Duties on aluminium
metal and manganese alloys are appreciably higher than
those on the ores. Semi-manufactures of copper are sub-
ject to a duty rising from 1.25 cents per pound of metal
content in the case of the simplest articles (rolls, rods
and sheets) and 3.5 cents in the case of seamless tubes
and unground plates, to 5.5 cents in the case of brazed
tubes and ground plates and 30 per cent ad valorem in
the case of fully manufactured household ware.!® For

13 During the period of relative scarcity, most of the duties on
copper and its manufactures have remained suspended, as has also
an inland revenue tax of 2 cents a pound of co per content, which
niay be imposed if tke monthly average price of copper falls below
24 ceuts a pound.

Table 20. United States Import Duties on Non-Ferrous Mctals in Various Stages of Fabrication,* January 1954

(Cents per pound ad valorem; per cent of total value)

Commodity Rate Commodity Rete
Artimony: Zinc® (continued) ;
Ore ..oooooivin i, Free Sheets oo 1.0 cent
Regulus or metal. .. .............. 2.0 cents Manufactures .................. « 223 per cent
Maunufactures ................. .. 20 per cent Chromite
Aluminivm: Ore ..... e e e eeaan, Free
Bauxite ......................... 50 cents per ton Ferrochrome, nickel crome, vana.
bngots ... 1.5 cents dium chrome, silicon chrome. ... 125 per cent
Plates, shects, bars............... 3.0 cents Cobalt -
Household utensils ............. « 425 cents -4 20 per cent oOre ) Free
(,'npper;. Metal ..................... seeee Free
()‘n: ceerereen i, Free Manganese ;<
l'nr_vhmwl;. pigs, bars............. Free Ore (over 10 but under 35 per cent
Refined: ingots, plates, bars...... Free manganese) ........ e, 0.25 cent
Wire, cable ..................... 17.5 per cemt Ferromanganese (30 per cent or
Lead ¢ more manganese)..........,..,. 0.94 eent + 7.5 per cent
Ore . 0.75 cent Molybdenum :¢
Bullion, base bullion........... .. 1.06 cents Ofe ovivnenn ver 350 cents
Pigs, bars ...l LO6 cents Ferromolybdenum ........... «vv 250 cents 4 1.5 per cent
Pipe. sheets, wire................ 1.31 cents ..
) Nickel :
Tin:* Ore .oovviiniiii Free
Oie Free Pi‘g‘ ingot! .................... . 1.25 cents
Bars. hlocks, pigs................ Free Bars, rods, plutes, sheets. .. .... ... 125 per cent
Powder, flitters, metallics... ... ... 120 eemis Manulactures ................. .. 225 per cent
Manufactures ... ... L. 12 per cent .
Tungsten :
Line:* Ore o 50.0 cents
Ore oo 16 eem Ferrolungsten ............ ... . 42.0 cents + 12.5 per cent
Blocks, pigs, slabs................ 0.7 cent Meial and carbide........... ... 42.0 cents -+ 25 per cent

Source: Puited S1ates Burean of the Census, Statistical Classi.
fication of Commodities, Schedule A {Washingion, D. €., Januarv
W51, pages 615.624: Melal Information Bureau, Limited, Quin's
et Handbook, 1951 tLondon), page 393,

* Chiefly abe effective rates under 1he General \aereement on
Cariff< and Trade tGATT).

* Plu< an_internal revenae tax of 2 cents per pountd suspendel
to 30 June 1956, with provision for reimposition if monthly sverage

vriee of copper falls below 24 cents per pound, delivered Connecti.
cul Valley,

" Metal conteant.

i

;

o
i
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the other metals. duty rates also rise with the degree
of processing. 0.7 cent per pound of metal content for
zinc blocks, one cent for tin plate, 1.125 cents for zine-
plated sheets, 2 cents for lead rivets, washers, nuts and
screws (subject to ad valorem limits of 15 and 30 per
vent), 22.5 per cent ad valorem for tin household ware
and 33 per cent for tin foil. Imports of tin ores and blocks
are duty-free until domestic cassiterite production reaches
1,500 tons a year. when rates of 4 and G cents, respec-
tively (per pound of metal content) become applicable.
In 1950, the ad valorem equivalent of the specific duty
on molybdenum sheet was about 40 per cent, on mag-
nesium metal 66 per cent, and on ferroiungsten about
68 per cent.

SMELTING, REFINING AND FABRICATING FACILITIES

Although almost two-thirds of the world’s bauxite
supply (outside mainland China, eastern Europe and the
Sovict Union) comes froin under-developed countries,
their aluminium capacity is less than one per cent of the
total. Expansion under way in some under-developed
countries and new facilities planned for others, though
impressive in relation to past figures, may not be sufficient
to counterbalance the foreseeable increase in Canadian
and United States capacity, so that whatever the long-
term result of the opening up of new sources of water-
power or of the application of new forms of nuclear
power, in the immediate future the share of under-
developed countries in world production is more likely
to decline than to increase.

Rather more than half the output of copper ore in
under-developed countries is refined at the place of origin.
Most of the ore is locally smelted, however, the con-
tribution of Latin America. Africa and Asia in the period
1948 to 1953 being almost half of the world ore supply
(outside that of the Soviet Union) and about 42 per
cent of the world blister copper supply (see table 21).
Facilities for smelting or refining are lacking in Bolivia,
Cuba, Cyprus and the Philippines: existing plants are
capable of considerable expansion in Mexico and the
Union of South Africa and are being, or are likely to
be, expanded in Northern Rhodesia. Peru, Turkey and
Yugoslavia.

Though non-ferrous metal refining in the under-
developed countries is furthest advanced in the case of
lead, a large amount is still exported in the form of
concentrates, about two-thirds of mine ontpmt having
been smelted at the source in recent years. In the period
1948 to 1953 producers in lLatin America, Africa and
Asia accounted for about one-third of world ore output
and rather more than one-fifth of world metal output
(excluding the Soviet Union in both cases). Further
increases in their relative shares of lead inetal output
depend largely on the establishinent of smelting and
refining facilities in such countries as Bolivia and South
West Africa and the expansion of facilities in such areas
as French North Africa and Peru.

While almost all tin ore originates in the under.
developed areas, only about 42 per cent was smelted
in those areas in the period 1918 to 1953 — chiefly in

>
Table21. Ore and Metal Production of Aluminium, Copper, Lead, Tin and Zine
in Under-Developed Regions, 1948-53
{ Thousands of metric tons, metal content)
Total apecitied
under-develnped
World Afriec Asia Latin America Mididle Fast reqions
Ttem folal Ar;clra;c‘lm;’rriunl An—l;wd ;’_f:ﬂ‘M A<n‘u~n;;l gl’rr cent Amount Per eent Amount Per rend
of lolal of total of lotal of total of tolal
Aluminium:

Oreb. ... ........ ...... 9,617 202 2 548 6 4,900 51 H600 I
Metal ................. 1,530 — — 7 — 1 — - 8 |
Per cent smelted® . 95 — 8 —- !

Copper.
Ote.................... 2,278 520 23 19 1 502 22 33 1 1,074 47
Metal.................. 2,292 507 22 6 — 439 19 16 1 968 42
Per cent smelted . . . 101 98 32 R7 40 o
Lead:
Ore.................... 1,540 139 9 6 — 361 23 11 1 517 K]
Metal.................. 1,510 52 3 6 - 282 19 - 140 2
Per cent smelied 98 37 100 8 66
Tin:
Ote.............. ..... 168 24 14 103 61 35 21 -~ 162 9%
Metal.................. 172 4 2 68 10 1 - . i 42
Per cent smelted 102 17 66 3 45
Zine
Ote........ ........... 2,177 150 7 l 445 it I 09 PR
Metal . .............. .. 1,888 25 | - - 63 8] Hit 1
Per cent smelted . . . . 87 17 — 18 - v

Source:  United Nations, Statistical Yearbook, 1954; Inlernational
Tin Study Group, Statistical Yearbook, 1954; American Bureau of
Melal Siatistics, Yearbook, 1954 (New York).

* Excluding the Union of Soviet Socialisi Republics.

b (Gross weighi.

« Assuming 1hal one-sixth of the gross weight of bauxite repre.
uenls recoverable aluminium.
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the Belgian Congo and Mulaya. Facilities are lacking in
Bolivia, Burma. Nigeria and Thailand, but are being
expanded in the Belgian Congo and may again be brought
into operation in Indonesia.

Abont a fourth of world zine ore productian (outside
the Soviet Union) originated in tinder-developed coun-
tries in the period 1918 to 1933, but only a sixth of this
output was refined at the source. Indeed, Northern
Rhodesia  was  the onlv  producer among the under-
developed countries in which the entire mine output was
refined locally, Capacity has since been created in the
Belzian Congo and expanded in Argentina and Peru,
but two-thirds of the Mexican output and three-fourths
that of Yngoslavia are still exported as concentrates,
and there are no refinery facilities for zine in Bolivia,

French North Africa and South West Africa,

So far as fabricating is concerned, the bulk of newly
refined alumininn is rolled into plates, sheets or strips,
but increasing proportions are heing turned into struc-
tural shapes. rods, bars and wire, and extruded shapes
and tubing. As indicated in chapter 2, the main use for
these semi-manufactures is in the field of transportation
and construction, but a suhstantial part of total output
is used in the production of eooking utensils and house-
hold appliances. while a growing amount is absorbed by
the electrical and the machinery industries,

Most metallic copper is turned first into wire, or into
various shapes of rods, hars and sections, or into strip,
sheet and plate, or into tubes. In these primary forms
the copper may he unalloved, of ordinary purity or of
extra high purity for high conductivity purposes, or
alloved with other metals, espeeially with zinc to form
brass, A small proportion mav be used directly for
making castings or for the production of a chemical
product. snch as copper sulphate, which in turn may
have a direct use. as a pestieide, for example, or may
serve as a raw material for another industry.

lead is nsed rather more widely in the chemical and
paint industries in the form of oxides, carhonate and
sulphate, and as tetracthy] for lowering the rate of petrol
combustion. As a metal it is made into foil and collapsible
tubes, into allovs with tin and antimony for use as bear-
ings. solder and printers’ type. into castings for engi-
neering use, and into pipe and sheet for building pur-
noses. It is nsed directlv in the manufacture of ammuni-
tion and — quantitatively much more important — for
storage hatteries and as an extrusion for covering
electric eahles,

Tin finds important uses when alloyed with lead or
eopper as solder. babbit. hronze and pewter, chiefly for
the purpose of bearing, casting and tvpe metal. To a
certain extent it is made into sheet and foil. pipes and
tubes. bt by far the largest use is for plating iron and
steel sheets and other shapes,

Apart from its use with copper to form brass, zinc is
made into rolled sheets, or nsed. generallv in allov form.
for die castings in the engineering industry, or for galva.
mizing various iron and steel products. or for conversion

into zine oxide for use in the ebemical and pharmaceutica!
industrics,

Merely to list the principal uses of the major non-
ferrons metals in the industrial countries is to indicate
that their effective market in Joss developed countries is
likely to be very cirenmscribed. In the period 1948 to
1953, the praportion of world consumption (excluding
that of the Soviet Union) in under-developed countries
ranged from about 2 per cent in the case of primary
aluminium to abont 10 per cent in the case of primary
tin (see table 221, Demand for many of the intermediate
industrial products in which these metals play a special
part is necessarily limited in countries with only rudimen.
tary secondary industries; in most of the under-developed
mining economies this limitation of demand would tend
to rule out mass production for many of the semi.
finished items a metal fabricator would ordinarily pro.
duce. As pointed out carlier, therefore, expansion of in-
ternal demand in such countries depends very largely on
the rate of industrialization, and in so far as the actual
proeess of industrial investment involves a good deal of
specialized equipment and materials, it is likely to be
served more satisfactorily by established non-ferrous
metal plants in industrial countries than by small-scale
domestic plants. In other words, there would seem to be
little point in granting a particularly high priority to
fabricating plants for non-ferrous metals in the industrial
development plans of less developed eountries or in hold
ing back other forms of investment until the country
is capable of satisfying its own requirements for this
particular type of capital equipment,

Fabricating is likely to be at the least relative dis-
advantage in under-developed countries in the simpler
and more standardized shapes and the more widely con-
sumed artieles produced from them. In this category fall
wire and cable, and other electrical conductors made
from copper; storage batteries, solder and building and
printing metals made from lead and antimony: Jocks,
faucets, and other building and furniture hardware made
from brass, and utensils and the commoner structural
shapes made from aluminium, Technically, any of the
simpler forms of pressing, stamping, extruding, casting
and forging are feasihle, though whether production is
economic would depend upon whether the demand is
large enough to ensure more or less continuous operation
of even a relatively small plant. Where there is an iron
and steel industry, tin and zinc find an important use
in plating, while many of the non-ferrous metal salts may

used as raw materials in local paint and chemical
industries,

The limitation on simple fabrieation and other uses of
non-ferrous metals does not |je usually or mainly in tech.
nological diffieulties or even, in most countries, in
theoreticallv attainable unit costs, hut results rather from
the lack of effective internal demand which, by cur-
tailing the rate of production, tends to inflate actual unit
costs, Nevertheless. though demand for non-ferrous metals
may be inadequate within a single country whose level
of industrialization and standard of living are relatively
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low, over a wider region it might be sufficient to justify
the establishment of a central plant, particularly for the
production of items which serve common development
or consumplion necds. This is the case with certain
copper and aluminium products which are used not as
materials or components for other manufacturing indus-
tries but directly in construction or electrification
projects.

Domestic markets for many of the manufactured prod-
ucts of non-ferrous metals are often shielded by pro-
tective tariffs, but if production in an under-developed
country is based on a wider irternational market, com-
petition with established metal workins; concerns is un-
avoidable. Moreover, the export of fabricated products,
even of so-called semi-manufactures such as tubes and
sheets and wire, presents an under-developed country
with a number of diffieulties arising from the fact that
in this specialized trade it is of considerable advantage to
be in close contact with consumers. As the principal

eonsumers of most non-ferrous metal products are the
durable and capital goods industries, fabricators in
industrial countries are usually in a better position to
produce material conforming to precise specifications
set by users with whom they are likely to be in close
teuch, and with whom, in the case of the major non-
ferrous nietal systems, they may be finaneially and or-
Fanizationally allied. Furthermore, it is generally more
ecostly, in terms of hoth freight rates and packing, to
transport finished products than unmanufactured metal,
and this tends to favour the marketing of the latter. In
this way, advantages for non-ferrous fabrication that a
mining country might have in respect of aceessibility
and priee of raw metal are likely to he offset by handi.
caps in respect of the scale of production and the process
of marketing abroad. Henee, the metal fabricating in-
dustry in most under-developed countries is likely to
remain dependent to a very large extent npon internal
demand.

Table 22. Consumption® of Primary Aluminium, Copper, Lead, Tin and Zinc
in Under-Developed Countries, 1948.53

(Thousands of metric tons)

Region end country Aluminium Copper Leod Tin Zine
Africa® ..., 2 7 14 19 14
Algeria ................ ... cee 0.1
Morocco, French .............. . } 7 3 {0.2} 0.7
Southern Rhodesia ............ 0.1
Union of South Africa......... 18 10 1.4 13
Asia® ........... herietteeaeeas 9 k14 18 6.1 32
China mainland ............... 2 ves 4 10 3
India .......oooovvviiina.L 6 8 9 4.0 26
Indonesia .................... . . 03
Malaya ................. . 0.1
Pakistan .............. eherees . T 3 0.2
Philippines ....... Cerererenans 0.3 0.1 0.2
Thailand ............... ceenas cee AR cee 0.2
Europe: Yugoslavia ............. cae 18 8 0.3 9
Latin America® ............. e 20 73 63 39 4
Argentina ...........0vihnne. . 14 30 14 15
Brazil .........ccoievvivvenn cee 21 18 1.5 10
Chile ................ Ceeeeees 14 2 03 3
Mexico .....ovvvvivivinnnnn., . 9 9 04 9
Peru Chereeererntaraeeeans 0.2¢ 2z - 14
Middle East® ............... vees - 12 2 09 1
Egypt ..oovviiivnnnnnn ereeas §¢ ces . cee
Turkey .....cccovvvivnninnns. o 1¢ 0.7 0.2¢
TOTAL, UNDER-DEVELOPED
COUNTRIES® ...... ceees 32 167 105 131 9%
WonLp roraL’ 1,693 2,401 1,442 136.1 1674
PER CENT |N UNDER-DEVEL-
OPED COUNTRIES ....... 2 7 7 10 6

Source: United Nations, Statistical Yearbook.
1954; Minerais et Mélaux S.A., Statistiques, 1935/
1938—1946 4 1953 (Paris), July, 1954; American
Bureau of Meial Siatistics, Yearbook, 1954; In-
ternalional Tin Study Group, Statistical Yearbook,
1954; Meiallgesellschafi Aktiengesellschafi, Me-
tal Statistics, 1938, 1946.1953 (Frankfon on
Main); Inlernational Malerials Conference, Re-
port on Operations for 1951/52 and for 1952/53.

* Appareml consumption (produciion plus im-
ports minus exporis) where aciual figures are not
available,

® Including esiimates for some couniries.

£ 1948-50.

€1948.51.

* 1949.-51.

" Excluding the Union of Soviel Socislin Re-
publics.
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Table 23. Bauxite and Primary Aluminium Production and Smelter Capacity

in Under-Developed Countries,

1938, 1948-33 and 1934

{ Thousands of metric tons)

Production
Region, country and period Mine Smelter Per cent smeltedd Smelter capacity
Africa:
French West Afriva:
938 e -
1948-53 ................... y5* -
1954 ..o 435
' Gold Coast ;
R -
194853 ... 120
1954 ..., 163° -
Asia:
India:
1938 .. 15 — - —
194853 ... ... 54 3.7 41
19546 80 49 v 7.5¢
Indonesia :
1938 ... 245 - - -
194853 . .................. 464 - -
1954 .. .., 163 - —
Malaya:
938 ... 3 — — -
194853 . ... ...l 89 - —_
1954 .. ..., 166 — — —
Tuiwan:
938 .., — 46
194853 ... ... 6 29 289
1954 .. 6 7.0 700 8ot
Europe:
Yugosiavia:
1938 ... 405 13 2 cee
94853 ... ... 68 24 4
1954 ..o 670 34 3 18.0

Although eflective internal demand is probably the
main consideration in the establishment of industries
working on non-ferrous metals, other economic influences
cannot be dismissed as unimportant, Competent man-
agement and a good sales organization and, on the pro-
duction side. adequate power and efficient labour are all
prerequisites of success, especially in the case of an in-
dependent concern which may have to compete with the
products of integrated non-ferrous metal groups, whether
on the domestic market or abroad.

In view of the importance of the products of the non-
ferrous metal fabricating industry in the manufacture of
capital goods, the efficiency of its operation, once such
an industry has been established, is of considerable sig-
nificance to the process of development, A high-cost
industry, sustained by heavy protection and showing no
signs of increasing efficiency. may actually constitute a
drain on national resources, retarding the very growth
of the hame market on which the normal economic de-
velapment of local non-ferrous fabricating so largely
depends. This means that unless there are some special
reasons expanding lacal demand or ensuring a high
degree of efficiency, the expansion of the {abricating in-
dustry canmot proceed much faster than the development

of the domestic economy in general and the industrial
metal-using sector in particular. At the same time, it is
also true that the growth of a fabricating industry is
itself an important part of that very process of develop-
ment and diversification on which it depends for a market.

Aluminium

As already indicated, very little aluminium is as yet
proeduced in under-developed countries (table 23).4 At
post-war levels of price, almost two-thirds of the finished
cost of aluminium metal is incurred in the final stage —
the process of reducirg alumina — and more than one-
third of the cost of this reduction is in the provision of
electric power. Hence. technologically, the key to eco-

¢ Aluminium is obtained from bauxite, its hydrous oxide, In
two stages: the chemical preparation of alumina (AL and the
electrolytic reduction of tﬁin oxide to metal, The first process in-
volves the digestion of finely ground bauxite in a hot coneentrated
caustic soda solution, precipitation from the resultant sodium
sluminate solution of aluminium livdroxide and filtering, drying
and caleining 1he latter 10 produce pure alumina. The aluming
i3 then dissolved in molten ervolite (a sodium-gluminjum fluoride)
at about 950°C; 1he solution s clectrolyzed, and metallic alumi-
nium is formed at the cathode, Thia process is carried out in
rows of cud refracton.lined eolls, called a “pot-line™, connectel

in series to an adequate source of direct current,
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Table 23. Bauxite and Primary Aluminium Production and Smelter Capacity
in Under-Developed Countries, 1938, 1948-33 and 1954 (continued)

(Thousands of metric tons)

Production

Region, country and period Mine Smelter Per cent smelied® Smelter capacity
Latin America:
Brazil:
1938 .....oiviiiiiie 13 — — —
194883 ........cooivninnn. 17 1.00 B
1954 ..., 2 1.4 as 12.4
British Guiana:
1938 .. .iiiiiiiiiiiiiee 455 — — —
194853 ............... veus 2,059 — —
1954 .. ..iiiiiiiiiinnnn, 2,125 — —-— —
Jamaica:
1938 .....iiiiiiiininnn e, -— - — —
194853 ............... veee a30* — -—
1954 .....ooiiiiiiiiiinnt, 2,068 — —
Surinam:
1938 ...t m - -_—
194853 ...............els . 2585 —_ —
1954 ................ feeree 3,361 — -—
ToraL, UNDER-DEVELOPED COUNTRIES:
1998 ..., 1,566 $9 2 6.0
194853 .................. . 6,701 100 1
1984 .. oiiiiiiiiiiinnen., 9,256 16.7 1 459
WorLd ToTAL™
1938 ............... 3,700 540 8 7000
194853 ............. 9,617 1,590 9
1954 ........ N 14,450 2,420 101 2,687.1

Source: United Nations, Statistical Yearbook,
1953; American Bureau of Metal Siatistics, Year-
book, 1954; Metallgesellschaft Akiiengesellschaft,
Metal Stasistics, 1938.1953.

* Assuming that one-sixth of the gross weight
of bauxile represents recoverable aluminium.

*1949.53; produciion began in 1949,

* Exponis.

‘Two refineries—at Alupuram (5,000 tons)
and Jaykaynagar (2,500 10ns).

*1952.53; production began or resumed in 1952.

* Based wholly or in par1 on imported bauxite.

nomic aluminium production lies in the availability of a
large amount of low-cost electric power and in this
respect the under-developed countries have generally been
at a disadvantage,

At the beginning of the nineteen thirties aluminium
production was confined to western Europe and Canada
and the United States, but during the decade reduction
plants were established in a number of other countries,
often with technical assistance and financial support from
older companies. Production commenced in the Union
of Soviet Socialist Republics in 1932, in Japan in 1933,
in Hungary in 1934, in Yugoslavia and India in 1937,
in Poland in 1938 and in Greece in 1939, At that stage,
however, it was only in the Soviet Union and Japan
among these new producers that output had become a
significant proportion of the world total; of an aggregate
production of nearly 600,000 metric tons, the remaining
plants contributed less than one-half of one per cent,

5 1951.53; production resumed in 1951,

¥ A refinery at Takao.

' A small plant at Sibenik (3,000 tons) and a
larger one at Sirnisce (15,000 tons), 10 be ex.
panded to 30,000 1ons by 1958.

' A small plant a1 Saramenha (2,400 tons) and
a larger one (10,000 tons) at Serocabas, pro.
ducing for the first 1ime in 1955, to he expauded
to 50,000-ton capacity.

* Estimated dry weighi.

' Estimated on the basis of produciion.

= Excluding the Union of Soviet Socialist Re-
publics.

During the war, not only was there an increase in
capacity in Hungary, India and Yugoslavia, but new
facilities were established in Brazil and Taiwan. Yet with
the expansion in Canada, the Soviet Union, and the
United States, which brought world capacity up to an
estimated 2.3 million metric tons of primary aluminium,
the proportionate output in less developed countries was
little more than before the war.

Production fell far below capacity in the early post-war
years and it was not until the outbreak of hostilities in
Korea that any major new investment was made in
aluminium reduction plants. Qutside the Soviet Union
this was concentrated overwhelmingly in Canada and the
United States, based largely on bauxite supplies from
the Caribbean area, and reducing to almost negligible
proportions the relative capacity in under-developed
countries. Of a world total of 3 million metric tons at
the end of 1954, the latter amounted to about 32,000
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metrie tons. distributed as follows: two plants in Taiwan
cach with a capacity of about 1000 tons, one plant in
India with a capacity of about 2,300 tons and one of
2000 tons 1wo plants in Yugoslavia of 3.000 tons and
E5.06m tons, and another in Brazil of 2,100 tons. In addi-
tion. a number of reiluction plants were under construc-
ton in nnder-developed areas at this time: a 13.200-ton
plant in Tasmania, a 10.000-ton plant in Brazil and ex-
tensions 1o Tudian and Yugoslav capacity of 10,000 tons
and 15,000 tans. respectively,'

In most instances. the aluminium smelter is backed
by a local alumina plant. Brazil. for example. operates an
alumina plant of 12,000-ton eapacity and has another,
of double that size. under construction: each of the
Indian smelters has its own domestic facilities for pro-
dneing alumina. On Taiwan. alumina capacity is of the
order of 32000 tons per annum: the Strnisce smelter in
Yugoslavia draws on a local 50.000-ton alumina plant.
In Jamaica. alumina production has been organized as
an cxport industry within the North American systems
of Aluminium. Limited. Kaiser Aluminum and Chemieal
Corporation and Revnolds Metals Company.

Apart from the expansion of smelter capacity that is
at present under way in India and Yugoslavia, a pro-
jected addition to the Companhia Brasileira de Aluminico
would raise Brazilian capacity to 50,000 tons. and there
are plans for creating new primary facilities in several
under-developed countries. Argentina has a 10.000-ton
reduction works in its current five-year plan. Even be-
fore the war. the Nederlands Indonesische Aluminium
Industrie had plans for a 10,000-ton smelter in Sumotra,
using power from the Asahan River. More recently, a joint
research organization.  Société africaine de recherches
et d'études pour I'aluminium was set up hy Pechiney.
Compagnie de prodnits chimiques et électrometallur-
giques and the Rociété d’électrochimie, d’électrometallur-
gic et des aciéries électriques d’Ugines. the two leading
French campanies, to investigate the possibilities of con-
strncting a plant with a capacity of 100,000 tons per
annum in French Guinea. using local hauxite and power
generated on the Kouron River. A second French smelter
—a 10.000-ton plant in the Cameroons which would use
alumina imported from France—has reached the plan-
ning stage. The Revnolds Metals Company is reported to
have plans for aliminium production in Peru, subject to
obtaining cheap power from the Chimhote hydroeleetric
plant at present being constructed by the Government on
the Caiién del Pato: and in Brazil, subject to the de-
velopment of the hydroelectric potential of the Paulo
Afonso falls on the Sio Francisco River. Alumininm.
Limited. which during the Second World War obtained

15 The figures given for smelter and refinery capacity 1hronghoul
thic chapter are necessarily approximate., Capacity is a funetion
of manc vadables  the phivsical size of the smallest companenl
in e processing sequence, the grads of are inpul, 1he avail-
abiliv: of adequate power, 1he continmity of operations, 1he time
devoted to phant wmaintenanee and repatrs, amnd <o oon and there
wmav he aw appreciable difference between theorelieal nominal
capacity and practical working capacity computed on an apnual
basis, and the latter in 1un may be quile Jdifferent from actual
n=able capaeity over a period of years.

coneessions over bauxite «deposits on the boundary be.
tween Veneenela and British Guiana, has plans for a
00.000-ton N envznelan smielter using power generated on
the Caroni River. A 1.000-ton smelter has been recom.
mendml for Surinam, atilzing loeal bauxite and power
derivell from the Suriname River at Brokopondo, and
though local bauxite is gencrally of relatively low grade,
it has been suggesterll that Mexien might set up a reduc-
tion plant a* the President Alemin dam on the Papa.
loapan River. Considerable research has heen conducted
in Nvasaland aml Sarawak in respect of both bauxite
resonrces and hydroelectric potential. Though in both
territaries aluminium production seems technically feas.
ible, it would appear that the harnessing of the Volta
River in the Gold Coast and the erection of a smelter
to reduce alumina prepared from local bauxite is likely
to be realized sooner. To bring the latter project to its
ultimate target of 210,000 tons of aluminium a year
wonld require an outlay. ai 1952 prices, of about £ 144
million — a figzure which indicates the financial implica-
tions of this type of investment in an under-developed
country.

High capital costs, combined with high energy require-
ments and the importance of cheap and adequate means
of transportation between bauxite deposits and smelter
on the one hand, and smelter and fahricating plants, on
the other, explain why, even more than in the case of
other non-ferrous metals, aluminium refining capacity is
much more readily expanded in industrial countries.
Moreover, the importance of the leading eompanies —
Aluminum Company of America (ALCOA), Kaiser
Aluminum and Chemical Corporation and Reynolds
Metals Company in the United States. Aluminium Com-
pany of Canada. lLimited (ALCAN) in Canada and
Aluminium, Limited (ALTED) in the international field
——is even grealer than that of the major copper, lead
or zine groups: it is prohable that only the prospect of
very decided advantages for the system as a whole would
encourage any of these concerns to make a significant
investment in an under-developed area outside of the
North American and Caribbean region,

Despite its high capital cost. the Gold Coast project
does offer certain advantages. not least of which in the
eves of British consumers is the fact that it provides a
teehnically suitable site for production outside of the
hard currency area. The United Kingdom’s annual con-
sumption of aluminimin is more than ten times its own
primarv production, and there is little prospect of eco-
nomic domestic expansion much ahove the present levels
of output. The principal inerease in the facilities of
British aluminium coneerns in the post-war period has
been in Norwav. where low-cost hydroelectricity is avail-
able. but the Uniled Kingdom has remained dependent
on Canadian supplies, expansion of which, both during
the war and snbsequentlyv. has been financed largely by
British Government loans. negotiated on the basis of
contracts giving the United Kingdom an option over a
certain proportion of futnre output. It is in the light of
these circumstances that the industrial country has sup-




SMELTING, REFINING AND FABRICATING FACILITIES

potted plans for the canstruction of an alominium smelter
in the Gold Coast. From the point of view of the less
developedd comntry, on the other hand. instead of ex-
porting bauxite, it wauld he able to export a metal, first
in ingot farm, later perhaps in more fabricated forms,
andd it wonld acquire ot only a valuable raw material
for its own industrial use but also a source of power.
new communication facilities and ather important assets
for development,

Partly becanse of the case with which aluminium in-
cots. plate and  strip may be transported, and partly
because aluminium utensils constitute an important type
of comsumer goods, facilities for fabricating the metal
are more widely dispersed than facilities for producing
it. A single coneern (Aluminium. Limited) has found
it feasible in recent years to set up plants not only in
various parts of Canada and western Furope but also in
Aden. in Australia at Svdney, in Brazil at San Panlo.
in Burma at Rangoon, in China at Shanghai. in India
at Bombay, Madras and Caleutta. in Mexico at Mexico
City and in the Union of South Africa at Pietermaritzhurg.

In India. factories using imported aluminium ante-
dated local smelting by several years and, apart from the
two integrated concerns — the Aluminiun Corporation of
India. Limited, and the Indian Aluminium Company,
Limited — which operate rolling-mills and utensil plants.
there are a number of independent establishments making
foil. cable and utensils. as well as one or two aluminium
foundries, Fabricating facilities in northern Korea, Man-
churia and Taiwan were originally construeted by the
lapanese. Mare recently, Pakistan has acquired a small
rolling-mill. with a caparity of about 1.200 tons a year.

Fabricating capacity in Yugoslavia in 1953 was of the
order of 25.000 tons a vear. substantially greater than the
loeal output of ingots, and more in line with the prospec-
tive output of the Struisce plant,

Brazil, the only other under-developed country with
facilities for reducing alumina, had a rolling-mill capacity
of about 15,000 tons a vear in 1953, Until the new smelter
is completed. the mill will depend largely on imported
ingots. Fabrieating plants under eonstruction at the end
of 1953 had an estimated annual capacity of 10.000 tons.
In Argentina. inrports of primary aluminium in recent
vears have averaged about 12,000 tons a vear. This has
been the input of local fabricating plants which had an
annual eapacity in 1953 of the order of 15,000 tons. In
Mexieo, both Aluminium. Limited. and the Reynolds
Vletals Company operate small manufacturing plants to
which ingots and shapes are exported from Canada and
the United States.

Small plants in Algeria, lsrael and Kenya also depend
on imported semi-finished aluminium for their raw mate-
rial input. The factory of Aliminium, Limited. in the
'wion of South Africa. using ingots inparted from the
Arvida smelter in Quebec. had an output of about 1.000
tons in 1953,

In most cases these factories enjoy the duty-free import
of primary aluminium — sometimes in ingot form. mare
frequently in semi-fabricated shapes — and are protested

By cnstoms dities aainst the competition of finished
albmininne prodocts sl as mizht e exported Iy larger
factories in Fovope ar North America, In aeneral, they
are saving foreizn exchange to the extent of the dilTer-
ence between the cid cost of the metal and the cot of
the mamfactined article: in some cases the expansion
ol dontestic or vezianal demand s cradnally permitting
a greater volmne of production. brinzing local wnit costs
wore into line with those of the lavger plants

Copper

Whatever eennomic weight is siven, in the cost calen-
lations of fuvestors, 1o varions disadvimtaces attached to
operating: plants in Toreign conntries. the facl remains
that the process of smelting and refining copper'® las
been extended steadily in underdeveloped  mining re-
gions. chiefly as a result of the activities of kirge inter-
national concerns tsee table 271,

In Chile. where practically the whole outpnt of capper
ore fram the Lirger mines has fong been locally smelted
tin 1933 only 1 per cent was exported before being
smeltedy, the prapartion locally vehined inereased fron
about one-half before the Second World War ta abont
three-fourths in the period 191 ta 1932, Tn the latter
peviod the propartion of copper refined electraly tieally
declined from almost one-half to not mnch wore than
one-third. the fire-relined proportion rising correspond-
inglv. The Andes Copper Minhie Company velines copper
from oxide ores at the wine but ships blister capper
reduced from its sulphide ores to the Raritan Copper
Works in Perth Amboy, New Jersev. for rehning, In
1918, work comaenced on a new plant'? to handle the
Chuquicamata sulphide ore that ix to he mined on an
increasing seale in place of the surface oxides that are
now approaching exlanstion, Sinee a large part of the
new ontpnt s to be exported in blister form to the

18 Copper is revoversd Trom onidized ares by diveer aneliiee m
blast or reverberntery furmaees. Where the ores are water soluble,
however, leaching fallowed I precipicaba on metallic ran s
nsiadly a e commomical process Becoverine it from salphide
ores gnvolves preliminary eonsline awed Botation, bellowed by
roasting to reduce the sulphar content, teoa blet e more con
monly a veverheratory, firmaee, the ote i< thon pedieed S nonte,
usnally containing 30 to 15 per cont ol oo, which in it
stelters i< transterred divecrlo noq comveves o whieh i ag
Dlowic i the presence of o <ilicn s and thns vedueed 1o hlisier
cupper. Sinee snbstantial heat evomomies are achioved by onagiist
mevement from furmace to converter, taede oneare s deec il
considerably, Becanse the nest <tep i the telinne paore-s enlals
w camphicated cleetrochemival procedivee, fwoven, Blisier eapqer
OB per cent or more pocet isoa comnon anticle o comme e
i< first fireerelined e bieing weled, aeraed and hesed o elamine
the renaining ~nlphur and it = then rednend o choninate all
traces of ovides The reanltat conper e pro-sed o 2 ineh - heels
which are then ne ol as anshes i an electoad s Lol ol copper
anbpline dn whieh ahe cathodes ave levre b cnie g, The

pitssie of cnfficient cueront theoneds the wohtion oo the dio
sitien af almost chemicdls pove capqoa an the cntu e winh
precians metals and ather imparities e preoipinted

”'”)F ‘II’III‘.;'.'I‘ ;".HI’ vt bt ol e hers ot onteatar aned
s Vo an bveste et whicho Bl mnonoted re aone ST milhnn
byt end of 19520 Lo seblition, it lie e locd the nbding of
a dom oon the Aroave satelo o e oo o 1 niles
Iineh warer pape ol the et b e 1 e ot
Saeddard raihwas ek and A9 hoorees and beotel wbh e il
services for mew omphoerss The smelting < opaote avnlable a
Cliaquicamata will beoof e ardey of 250000 tan- a4 sear
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Table 24. Copper Ore and Metal Production, and Smelter and Refinery Capacity,
in Under-Developed Countries, 1938, 1948.53 and 1954

(Thousands of metric tons)

Production
Por cont imelted Copectey
Region, country and peried Ove Mecaln or refined Smalter Refinery
Africa:
Belgian Congo:
1938 ............... . 1289 75.00 60 154 ]
1948.53 .............. 1808 1808 100
1954 .......0ueel, 2240 240 100 156 1%
Northern Rhodesia:
1938 ................ 849 2164 8 260 »
1948.53 .............. 2005 20355 106
195 ............... 500 8520 ] 400 176
South Weat Africa:
1938 ...... Ceesranie, 108 - . —
1948.53 ............ ve 111 — —
1984 ...ooivvininnn., 131 — - -—
Union of South Africa:
1988 ......ovnvinnn 118 109 % 12 18
194838 ........... 83 1] 100
lm C‘C‘l‘lll“l‘l.. m m ” “ n
Avia end the Far Eans;
Burma:
lm cccccc teesesesee ” —— ’ "
lm- teceves ey °l?. — s
lm . Crtersesenas ves s - —
India;
x’s LR NN} LR N Y LR ‘1 “ . ' .
IM ‘‘‘‘‘‘ . e l‘ “ n
lm ...... LE X RN N a0 7, ?J m . '
Korea:
19“ CCCCC ¥0 40040y u ‘I. ” u ‘
lw lllll LR RN u u ﬂ
lm‘ lllllllllll LI Y l‘ *ee LR N AR N ) “
Philippines:
1988 ........ cerenae . 44 — — . —
lm'sa V48001 s00 000 ‘e ,i? . L}
19“ cccccccccccccccc l“ . X u e
Europe:
Yugoslavia
1988 ............. #0 @0 ] o0
194858 ......... cease s ué %
1954 .............. . 8.1 %3 » ® L
Latin America
Bolivia:*
lm tessesans XXX ’n’ — d— ——
lm tssa0ss et .ll hanad —
lm ooooo sssssavesne .c’ - — — -
Chile:
1938 ....... ceereseae 818 ns 9% 280 "
lm‘s’ ‘e . (AR E N ¥ ¥ m w’e “
195¢ ......... verrens 638 5%.2 % 40 )
Caba:
lm LR E R KRN R IR R Ar Iy m — —— L —
194888 ........ sevies 180 — —
195¢ ......... Creeess 182 — - — ——
Mexico:
1938 ............. e 419 371 8 60 -
1948.58 ............ . 6.7 823 ]
1984 .........0ve el 568 536 s o7 »
Peru:
199 ......... 3 8.7 ) 44 -
194883 ............. . %9 2.2 70
1954 .......... cevees o7 235 70 & n
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Table 24. Copper Ore and Metal Production, and Smelter and Refinery Capacity,
in Under-Developed Countries, 1938, 1948-53 and 1954 (continued)

(Thousands of metric tons)

Production
Capecity
Per cent smelied — -
Region, conntry and period Ore Mese o refined Smelter Refinery
Middle East:
Cyprus:
1938 ........0veeen 36.6° —-— — —_ --
1948-53 ............. 170 —-— —
1954 ....... ns — — —_ -
Turkey:
1938 .....ocvvivnnenn 25 22 ] 3 —
194853 ............. 16.4 16.4 100
195¢ ........... ceees 8.1 5.1 100 ] 11
oo Torar, uxoEn-vEVZLOPED
COUNTRIES:
1988 ....... . 947 802 8 856 500
194853 ..... 1,120 1,013 %
195¢ ........ 128 1,006 L 14 1,278 1,027
Wontp ToraL:®
1938 ....... . 1880 1910 101 2,400 2,950
194853 ..... 2,278 2,202 101
195¢ ........ 2490 2.680* 107 3,000 3,900

Sources: American Bureau of Metal Statistics, Yearbook, 1939
and 1954; Metal Bulletin World Register of Non-Ferrous Smelters
and Refineries, 1942 and World’s Non-Ferrous Smelters and Refin-
eries, 1954 (edlted by H. G. Cordero, London).

* Blister or refined.

* Estimated; production of cathodes at Panda amounted to
45,000 metrlc tons.

¢ 1950-53; production resumed in 1950.

¢ Southern Korea only.

* Exports.

*Including the estimated copper contemt of iron pyrites ex-
ported, much of which may not in fact have been recovered.

¢ Excluding the Union of Soviet Socialist Republics.

Including a small amoumt of scrap.

' Estimates based partly on the mine productlon of countries
not listed In the table. Only a amall part of this capacity produces
metal for direct consumption; moat of the smelter output is sub-
sequently refined.

Notes on smelters and refineries in individual countries

Belgian Congo (including Ruanda-Urundi}: Two smelting plants
—at Lubumbashi (Elisabethville) and Panda (Jadotville) ;
in 1938 the former consisted of eight blast and five rever-
berstory furnaces (capacity about 80,000 metric tons) and
the latter of four reverberatory furnaces for treating poorer
rulphide ores. Two refining furnaces at Panda, idle since 1932,
were reactlvated during the war. These facilities were sup-
plemented by a leaching and electrolysls plant and three
reverberatory furnaces at Shituru (Jadotville) and a new fur-
nace refinery at Lubumbashl.

Northern Rhodesia: Three smelting plants—at Luanshya, Mufu.
lira and Nkana; in 1938 the Luanshya smelter comprised two
reverberatory furnaces and four converters (capacity about
85,000 metric tons), the Mufullra smelter, two reverberatory
furnaces and three converters (capacity about 65,000 tons)
and the Nkana amelter, three reverberatory furnaces and

ree converters (capaclty about 110,000 tons). There was a
36,000-ton electrolytic refinery at Nkana. Facilities at Nkana
have been substantially increased, &unly to handle concen.
trates from the Nchanga mine. The Mufulira smelter was alao
expanded, and a new electrolytic refinery built there (capa-

cilz about 50,000 tons).
South West Africa: 1n 1938, two blast furnaces were In opera.

tlon at Otavi.

Union of South Africa: A smelter at Messina, two reverberatory
furnaces and a converter in 1938, capacity increased to about
20,000 metric tons by 1954; & furnace refinery at Messina was
expanded in much the same way. A 20,000-ton smelter was
built at Okiep in 1940.

Burma: Two blast furnaces in a plant at Namtu for treating
copper concentrates aeparated from the mixed lead-zine-
copper-silver-nickel-cobalt ores taken from the Bawdwin minc.

ia: One reverberatory furnace and two converters in a fur-
nace refinery at Moubhander.

Korea: Three smelters—at Chinnamp’o, Munp'yong and Yong-
amp'o—of about equal capacity; in 1938 the Chinnamp'o
plant consisted of six blast furnaces and fifiren Japanesctype
converting furnaces. Before the war a refinery was operated
at Seoul by Chosen Seiren, K. K. The only large metallurgical
works In southern Korea in 1954 was the 10,000-ton Chan-
chung copper refinery.

Philippines: Before the war a small reverberatory furnace and
stationary converter treated accumulated matte at irregular
Intervals, shipping the resultant 250-pound blister slab to
Tacoma, Washington, for refining. Since 1950 the Philippine
Smelting Compaily has operated a 15,000-ton smelter at Man-
bulao Bay.

Yugoslavia: A smelting plant, conaisting of five reverberatory
furnaces and four converters operated at Moravska Banovina
by the Compagnie Frangaise des Mines de Bor before the
war and by Rudnici Bakra i Topionice in the post.war period.
An electrolytic refinery began operating at Bor in mid-1938;

Its capaclty haa recently been increased.

Chile: B:fore the war the smelting plant consisted of three
reverberatory furnaces and four converters at Potrerillos
(capaclty about 74,000 metric tons), two reverheratory fur-
naces and four converters at Caletones (145,000 tons), two
reverheratory furnaces and four converters at Kl Monte
(7,000 tons), two blast furnaces, two reverheratory furnaces
and one converter at Chagres (6,000 tons), certnin facilities
for producing blister copper at Chugqnicnmata and two rever-
beratory furnaces and three converters in an idle plant at
Gatlco; while refining facilities comprised two plants for re.
fining directly from oxide ores at Chuquicamata and Poire-
rillos, and a furnace refinery at Caletones. By 1954 emelting
and refining capacity had been substantially enlarged: in
addition to the plants at Potrerilos (capacity increased to
about 120,000 tons) and Caletonea (and the inactive Chagres
smelter of the Compaiiia Minas y Fundicion de MZaita),
there were expanded facilities for smelting at Chuquicamata
--an oxide plant with capacity of about 20500 metric tons
and a sulphide plant of about 71,000 tons, allowing for suc-
cessive treatment of mixed ores—and a new national smelter
at_Paipote with a capacity of about 14,000 tons. The three
refining plants—at Caletones, Chuquicamata and Potrerillos -
had capacities of about 168,000 tons, 168,000 and 243,000
tons, respectively. {Foolnote conlinued on page 78}
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Raritan refinery in New Jersey,™ this development may
tend in the first instance 1o lower the proportion of elec-
trolytic copper exported fram Chile. On the other hand,
the government smelter built in Atacama in 195} should
reduce i not eliminate the export of are and concen-
trates from small mines.

The balk of the Mexican copper autput i exported as
hlister, Lt there is still g substantial movement of ore,
concentrates and matte (within the svstem operated by
the Phelps Dodge Corporation based on a refinery in
Douglas. Arizona, and on the Awicrican Smelting and
Refining Company ' refinery in Il Pasa. Texas). Since
the construction of a refinery at Atzeapotzalco in 1947,
an increasing proportion of the output of primary metal
has been in the form of electrolvtic copper. In the period
919 ta 1931 refmed copper canstituted 32 per cent of
primary autput and 25 per cent of mine ontput, The re-
finery — Coliwre de Mexico, S.A.—draws much of its
blister capper fron the Cananea Consalidated Copper
Company. and in 1952 one-fourth of jts issued stack was
acquired hy the Anacanda Copper Mining Company. the
clfective awner of the mine.

Since 1918, when a 23.000-tan refinery was Duilt at
La Oraya hy the Cerra de Pasco Corparation, about three-
faurths of the copper exparted fram Peru has been re-
fined. Previously, exports consisted almost entirely of
blister capper,

In Northern Rhodesia, sinelter eapacity grew with mine
capacity fram the early nineteen thirties, but refining
capacity lagged: in 1937, only about ane-sixth of mine
praduction was clectralytically refined. With post-war
expansian in mine output and rclinery capacity, the re-
fined proportion has risen significantly: to 32 per cent in
FOSE and 16 per cent in 1951, At this stage the newly
built refinery at Mufulira was heing enlarged and anather
refinery was under caustruetion at Ndala.

The Belgian Conga exported a substantial amount of
copper matte befare the war — about 440 per cent of its

gross mine ontput in 1938, At that stage the remainder
of its autpur was exported as blister, none being refined.

YTlis retinery - ome of the largest in the workd, with an annual
capacity of 240,000 tons - - js operated by the International Smel-
ing and Refining Company, a completely owned subsidiary of the
Anaconda Copper Mining Company,

By 1918, it was smelting its whele output and refining
rather more than half of it, partly at a fire refinery at
Lubumbashi and partly at a Jadotville-Shituru plant,
which refines direetly from the oxide ore. In 1952, 56
per cent of the copper exported from the Belgian Caongo
was refined,

In the Unton of Sonth Africa, there are smclters at
Okiep and Messina, A fire refinery is also apcrated at
Messina; this was bnilt during the First Warld War when
the increase in freight rates made it uneconaniie to ex-
port matte. just as some years carlier an increase in
freight vates had made it uncconomic to export coneen-
trates and had prompted the building of a blast furnace
for reducing are to metal. In recent years about one-third
of the production of the Union of South Africa has been
in the form of fire-refined copper.

In Turkey, copper ares were first sielted in 1937, and
since then the entive Turkish autput has been in the form
of blister copper, Follawing the completion of a plant at
the Murgul mine in 1950, about 1,100 tans of fire-refined
copper was produced in 1951, Exports, however, have
continued to be in blister form — 23,000 metric tons
in 1953,

During the nineteen thirties, almost all copper exported
from Yugoslavia was in blister form, Recent expansion
of the plant operated at the Bor mines, however, has
made possible the further processing of a larger propor-
tion of the domestic ore output: during the period 1949
to 1952 about one-third was refined and jn 1953, almost
one-half,

Smaller producers, such as Bolivia, Cuba, Cyprus,
Newfoundland. the Philippines and South West Africa,
cantinue to export are and concentrates and, to a limited
extent, copper matte. In India, where for many years the
entire mine output has been refined at the source, the
resultant primary copper is used by domestic industry,
supplemented to an increasing extent by imports of semi-
fabricated products.

In recent years mine production in under-developed
regions has amounted to about one-half of the world
total (excluding that of the Soviet Union). About seven-
eighths of this production has been smelted at the source
and about one-half refined there. In the period 1949 to

tFootnote contbimed from page 77)

Mexico: Pre.war smelting facilities consisted of four blast fur.
naces at Matehaely feapacity 327,000 mctrie tons of ore and
flux  about 9.000 tons of metalts two blast furnaces and two
converters at San Linis Potogg (eapacity 262,000 tons of ore
and flux- abont 7.000 tons of metal) s six reverberagry fur-
naces and two converters ut Nanta Rosalia Ceapacity 270,000
tons of ore aud tux  abowr 10.000 tons of metaly; two rever-
beratory furnaces and six converters al Cananca  (capacity
290000 tons of ore and flnx —abowt 27000 tons of metal)
and fonr blast furnaces ar the jdle plant of the Mazapil
Copper Company at Concepeion del Oro Ceapacity 230,000
tons of ore and flux  abowt 6,000 tons of metali. In 1954
there were three operating smehers: at San Lnis Potosi
(287000 metric tons of ore and flux. about 20,000 10ms of
metal), Cananea (27.000 10ns of metal) and Concepeion el
Oro LER2.000 tons of ore and flux abam 13.000 jons of
metalt. The Santa Rosalia plant of Roleo Fsimdios ¢ Inver.
tiones Mineras, SA. (109,000 tons of ore and flnx—aliout

7.000 tons of mera) was idle, In addition a small elecirolytic
refincry was operated by Cobre de Mexico, S.A. at Atzca.
polzalco,

Peru: Pre.war smelting facilities consisted of one hlast furnace,
1wo reverberatory furnaces and six converlers at a plant at
La Orova (capacity about 45.000 metric jons) and one blas
furnace and two converters ap Shorey in a small plam oper-
ated by the Northern Pery Mining and Smching Company
between 1921 and 1932 (capacity unknown), These faci{ilien
have since been supplemented hy an electrolyvtic  refinery
operated by thie Cerro de Pasen Corporation at La Orova,

Turkey: Prewar plant comprised 1wo smal] smelters at Ergani
(which commieneed operations in 1933y and Kuvarshan
capacity about 1,000 metric 1ons. The smelter at Ergani has
been expanded 1o abour 1000 metric tons capaeily and new
facilitics were buily at Murgal during the war (eapacily abou
10000 rns), There are small furnace refineries associaled
with the smelters at Ergani and Murgul,
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Table 25. Minc, Smelter and Refinery Production of Copper, by Region. 1919.31

{ Thousands of metric tons)

Production

Region Mine Smelters Rr'j;u'r\'
Ausiralia and New Zealand...................... 15.7 13.9 19,2
Japan .o e 36.5 83.4 808
Canada and the United States................... 9215 1,149.3 13975
Western Europe® ............0oiiiiiiiinnn, 56.5 167.1 568.9
TOTAL, ABOVE REGIONS. .........ouuvuens. 1,033.2 1,413.7 2070.4
AfriCa i i e e 502.2 488.1 183.2
ABIAT L e e e 17.3 6.5 6.6
Latin America ..... et e, 488.1 426.4 331.1
Middle East............. Ceerrreeaes Ceerearene 33.4 13.0 0.8
Yugoslavia .............coiiiiiiiiiinns, . 389 25.3 14.2
ToTAL, UNDER-DEVELOPED REGIONS. ........ 1,0799 959.3 535.9
WoRrLp ToTAL® 2.113.1 2373.0 2,606.3

Source: Internalional Materials Conference, Re- Kingdom.

port on Operations, 1952-1953 (Washington, D.C.).
* Including a small amount of secondary copper.
® Austria, Belgium, Denmark, Finland, France,

western Germany, laly, Netherlands, Norway.

Portugal, Spain, Sweden, Switzerland and United

1951 the proportion of mine output sinelted at the source
ranged from 39 per cent in the case of the Middle East
and Asia (excluding mainland China and Japan) to 87
per cent in Latin America and 97 per cent in Africa
(table 25). The proportion refined was appreciably
lower: less than 3 per cent in the Middle East, about
37 per cent in Africa, Asia and Yugoslavia, and 68 per
cent in Latin America. The statistical corollary to this
situation lies in the fact that in the industrial regions
primary copper output exceeds mine output: in the pe-
riod 1949 to 1951, average smelter production was 37
per cent and average refinery production 100 per cent
above average mine production.

One of the deterrents to the expansion of refinery
capacity in under-developed countries in the post-war
period has been the relatively high price obtainable for
blister copper.'® In 1953, for example, when the price of
electrolytic copper in London averaged about £263 per
long ton, blister copper realized as much as £250 a ton
and there have been occasions when the difference in
price was only £6 a ton. Such a margin hardly seems
sufficient to justify the large expenditure which the erec-
tion of an electrolytic refinery necessarily entails — £3
million for the 55,000-metric-ton plant now under con-
struction at Ndola in Northern Rhodesia, for example.

The narrowness of the price gap between blister and
electrolytic copper is probably a reflection of a general
shortage of supplies. Among consumers there is a strong
and growing preference for the electrolytic grade, and
mines that have no refinery tend to find it expedient to
have their blister output refined on toll before sale. This,

19See N. J. Maas, “Possibilities for the Establishment of an
Electrolytic Copper Refinery in 1he Union™, South Africa Mining
and lE:gineering Journal, 19 September 1953 (Johannesburg),
page 14.

* Excinding mainland Cliina and Japan.

4 Excluding 1he Union of Soviel Socialist Re-
publics and a few small producers, such a< Au-
gola, Burma, mainland China, Ecuador, Rores
and Romania.

influenced by an assessment of the future pattern of de.
mand and price. rather than present pralitability. would
appear to lie behind the recent construction of a relinery
by Mufulira Copper Mines, Limited, in Northern Rhiode-
sia. In the financial year 1953/51 this company’s costs
— production, selling and adwinistration — averaged less
than £114 a long ton for copper relined at the mine
and more than £125 for copper relined overseas, vield-
ing average margins between revenue and cost of abont
£116.1 and £108.4, respectively. These margins on sales
of electrolytic copper. however, were lower than that
— £119.4 a ton — carned from sales of blister copper
produced at a significantly sinaller cast, averaging just
over £109 a ton.*

As in the case of aluminium, copper fabrication, though
much less dependent on supporting or ancillary indus-
tries than tin or zine, is equally limited by market factors,
This may be illustrated by developments in Chile, one
of the three largest producers of refined copper. Before
the war practically the whole of the copper ontpt was
exported, fabricated copper products (chiefly wire and
cable) being imported to the extent of 3,000 to Lo
metric tons a year, A law passed at the end of 191
obliged the mining eompanies to reserve for domestie
consumption such metallic copper as might be required
by local industries, Under the stinulus of war a nmumber
of small-scale fabricating concerns were ~et np. and the
steel industry employed some of its rolling and dvawing
plant to produce heavy copper plate and wire, which were
then turned over to fubricators, Only a few of these con.
cerns survived long alter the end of the war: one was the
government factory supplying military needs: anather
was the Manufactura de Cobre, S.A. (MADLCO),

20 See The Mining Journal: Annual Review, 1935 (Londo,i,
page 271.
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sponsored by the Chilean Development Corporation,
catering chiefly for the Government’s electrification pro-
gramme. In 1949, annual manufacturing capacity was
estimated at some 50,000 tons of sheets, bars, tubes and
other shapes (about ten times the estimated domestic
requirements at that stage) and 79 million metres?! of

wire, cable and other electrical conductors (about four
times the estimated domestic requirements). A substan-
tial proportion — one-third in 1947 and one-half in 1948
— of these semi-manufactures (mostly simple billets) was
exported, the bulk of the remainder being absorbed by
domestic electrification schemes.

Table 26. Chile: Copper Mineral and Metal Exports and Export Unit Values,
1949 to 1953

Item and unit 1969 1930 1951 1952 1953
Value of exports:
Millions of gold pesos:
Copper ores and concentrates®. .. .. 6.6 .7 16.7 30.1 21.1
Primary copper®................. 753.8 686.2 813.1 1,238.9 1,113.4
Fabricated copper*.............. . 25 19.7 1429 121.7 §9.2
ToraL 7838 7137 972.6 1,390.7 1,193.6
Per cent of total:
Copper ores and concenicates. ..., 08 1.1 1.7 2.2 18
Primary copper®......... T ¥ ] 96.1 836 89.1 933
Fabricated copper*............ 3.0 28 147 8.7 49
Volume of exports:
Thousands of metric tons:
Copper ores and concentrates®. . ... 16.1 17.3 216 29.3 U5
Primary copper®................. 354.0 3223 3100 354.1 295.0
Fabricared copper®............... 9.1 71 30.5 248 138
ToraL 3792 346.7 362.1 408.2 3.0
Per cent of total :
Copper ores and concentrates®.. ... 4.2 5.0 690 7.2 10.1
Primary copper®................. 93.4 93.0 85.6 86.7 86.0
Fabricated copper*............... 24 20 84 6.1 39
Export unit value (gold pesos
per kilogramme) :
Copper ores und concenrates’.. ... 04 0.4 0.8 1.0 0.6
Primary copper®................. 2.1 21 26 35 38
Fabricated copper®............... 26 28 4.7 49 44

Source: Central Statimical Office, Estadistica
Chilena (Samisgu), December 1953, pages 633,
634,

* Including precipitates and slag.

Although semi-manufactured products have not ac-
counted for more than 15 per cent of the value of all
Chilean copper exports in any post-war year and were
less than 3 per cent from 1918 to 1950, the effect of
local fabrication has been to reduce imports of copper
manufactures from more than 3,000 tons in 1938 to less
than 1,900 in 1946 and an average of about 1,200 tons
between 1950 and 1953, in spite of a substantial increase
in local demand. Nevertheless. Chilean expenditure on
imports of copper and copper alloys, mostly in fabricated
form, averaged about $1,355,000 a year during the years
1949 to 1953, The fact that manufactures. besides con.
stituting only a small proportion of total exports, consist
very largely of pioducts representing only elementary
processing (table 26) suggests that, at least in the imme-
diate future, the Chilean fabricating indnstry will have

2! Including an annual capacity of 27 million metres of copper
wite and 4 million metres of elecirical cord from a newly com.
pleted plam m Los Corillos, Santiagn.

* Cement, elecirolytic, blister and refined cop-
per in ingots and bars,

;lBlu. sheets, wire, springs, tubes, pipes, and
cable.

to depend chiefly on the development of internal demand.
The market in neighbouring countries is not very pro-
mising; with the exception of Argentina, they are all less
industrialized, and of four countries to the north, Bolivia,
Peru, Ecuador and Colombia, the first two are themselves
established exporters of copper and may be expected,
when domestic demand justifies it, (o attempt to fabricate
part of their own output. As a result, through most of
the post-war decade Chile carried a manufacturing ca-
pacity well in excess of current needs, and in consequence
prices of mauy of its copper products are likely to have
been higher than would have been the case if these had
been imported from favourable sources or if facilities
had been fully utilized and optimum production attained.

In the Belgian Congo, war-time and post-war invest-
ment has also laid the foundations of a fabricating in-
dustry, but production is still on a very limited scale,
dependert even more than in Chile upon the industrial
development of the country. Exports of simply fabricated
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copper began in 1950, and in the following two years just
nander 16 tons of drawn wire were shipped. lmponts of
falivicated copper and copper alloy produets in 1951 were
valued at about $412,000 and came mostly from Belgium.
The corresponding imports in 1952 and 1953 amounted
te 1,194 metric tons (81,513,000} and 491 metric tons
(8691,000), respectively. Of the two years’ imports of
over $2.2 million, rather more than one-half was for
bars, wires, sheets and plates, somewhat under one-fourth
for pipes. tubes, cables and other semi-manufactures and
the remainder for more highly fabricated copper articles.

In Northern Rhodesia, as in Bolivia and Peru, the
non-ferrous metals industry is still based on the export
of the entire mine output. However, the Anglo American
Corporation of South Africa, Limited, whose affiliated
company, Rhodesian Anglo American Corporation, Lim-
ited, controls two of the four major copper mines and
the lead-zinc mine, has established an important fabricat-
ing plant — African Cables, Limited, in the Union of
South Africa. This plant, incorporated in 1936 and em-
ploying some 700 workers in 1951, uses Northern Rhode-
stan lead and copper to produce a comprehensive range
of electric cables — bare, insulated and steel reinforced —
from one-sixteenth of an inch to five inches in diameter.
Through W. T. Henley's Telegraph Works Company,
Limited — its original technical managers — it is linked
to the cable makers of the United Kingdom.

In the Union of South Africa the production of elec-
trical engineering products has increased greatly in recent
years; at 1950 prices, the value of local consumption of
domestic output grew from under £100,060 in 1928 to
more than £7.2 million in 1950. Nevertheless, local
factories still serve less than half of local demand and
most of the copper they use is imported high-conductivity
metal. In 1952, for example, only 6 per cent of the coun-
try’s primary copper output was consutned domestically;
the 2,400 tons of local copper used in local factories being
supplemented by about 17.000 tons of imported eopper.

In general, therefore, though there is a considerable
amount of smelting and refining in under-developed min-
ing economies, there is very little fabricating. Even in a
more industrialized country such as Canada. post-war
consumption of copper has amounted to only about one-
third of the domestic output of raw metal, while in
1950 exports of semi-manufactures — rods, strips, sheets
and tubing — were valued at about $7.5 million. ont of a
total of $87.5 million for all copper and copper products.

Among the under-developed copper producing coun-
tries, average annual consumption in the faur vears 1913
to 1951 represented less than one per cent of output in
the Belgian Congo, Bolivia. Cuba. Cyprus. Northern
Rhodesia, Peru and the Philippines. India, with an
annual mine output of about 6.00(1 metric tons a vear.
nnported refined copper to the extent of about 25.01K
tons a year. Dnring this period. other importers among
the less developed countries included Argentina tabont
10,000 tons a year}. Brazil (21.0000. Egypt 15.000),
I'rench North Africa (3.000) and Pakistan (5,000). The
small domestic output of these countries was derived

chietly from remelted scrap. Imports totalling abam §.000
tons a year maintained the siadl vepair b manniactur
ing estahlishments of badonesia, bsrael, southevn Kovea,
Taiwan and Urngnav. Chile consnmed about 5 per cent
of its output. Mexican consmmption amomuted 1o abant
a seventh of domestic output, that of the Union of Sonth
Africa and South West Africa combined, to abont a
third, and that of Turkey and Yugostavia, carh to abom
a half.

Small quantities of refined copper are occasiomally e
ported to other less developed conntries: hetween 1950
and 1933, for example. Angola received abaut 137 tons,
Handuras about 200 tons. Iran abowmt 031 tons, New
Caledonia about 15 tons and Venezuela and a few arveax
in Africa even smaller amonnts. Part of this is used in
railway and engineerine maimenance workshops and part
in handicraft industries, Most conntries draw somne extia
material fram sc.ap, but the less indnstrialized the region
the smaller is its domestic scvap supply likely 1o be.

Lead

Technical difficulties and power requirctents being
less, lead smelting®* is carried out to a greater extent in
under-developed countries than is the smelting of other
non-ferrous metals (table 27). Amnng the significant pro-
ducers of ore, only Bolivia. Newfomrdland and South
West Africa lack smelting and refining facilities, expont-
ing their entire output as concentrales to gvonp plants;
the mines in the first two are members of the American
Smelting and Refining Company’s system awd that in the
third (the Tsumebh Corporation, Limited) is controlled
by a group in which the Awnerican Metal Company,
Limited. and Newmon! Miiing Corporation hold the
largest interest.

Mexico, second only to the United States as a lead ore
praducer, began producing refined lead in 1929 and now
has refining capacity well in excess of its dmnestic mine
autput, two-thirds under the control of the American
Smelting and Refining Company and  the remainder
owned by American Metal Company, Limited. Since the
rehabilitation of the plant at Namtu, Burina has also had
a smelting capacity in excess of recent rates of ore pro-
duction. Northern Rhodesia and Tunisia have facilities
that are capable of handling current mine output.

In Pern. smelting capacity has been ineveased sizni-
ficantly in recent years, but mine prinduction continues
to keep ahead, and the propartion of ore refined hefore
export. though appreciably higher than Lefore the wa.
is still not much above one-half of the total. Tn Yago-
slavia. on the other hand. refinery capacity appems to

22 Lewd ote iv useally poasted 10 remove sulphor and then n
duced in a blast furnace 10 what i~ commonly kv e oas hase
bidhon, a good deal of which euters inte mnteraieoad el
Refining of the base bulhien i< generalh done elecirabvneathy,
either in the cquntry of origin or in its mdustind eustomer Zine
impurities were at one time regarded asoa great bandap and
lead ores were penalized for excessve anes bt smpiosements an
differential flotation - enabling the two ore b b ceparated hefor-

smelting —— and the introduction of zne pducing and volatihzing
techniques in the furnace have resulted i hab ane vccovens and
consequent enhancement of the value of the mixed ore
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Table 27. Lead Ore and Metal Production and Smelter Capacity in Under-Developed
Countries, 1938, 1948.53 and 1954

(Thousands of metric tons, metal content)

Production
Per cent Smelter or
Region, country and period Ure Metal smelted refinery copacity
Africa:
Algeria:
1938 ... ven 5 — — —
194853 ...... cere ceeens 3 -— —
1954 .....oiiiiiiiininnn, 10 -— - —
Belgian Congo
1938 ..ot 5 —_ -— —
194853 ...... Ceveerreene — — —
1956 ..o, — — —
French Equatorial Africa:
1988 ...... e, 3 — - —
194858 ...... Cirerteneeaas 3 —_ -
195¢ .............. Cheeraees 3 — — —
Morocco, French
1938 ......... e, e 19 -— — —
194853 ...... e Cesees 58 1o »
1954 .................. veene 82 » 2 ]
Northern Rhodesia: 3
. 1938 ... 4 — —_— »
194883 ....... Cereieciinaes 13 13 100 %f
195 ... .., 15 15 100 17 j
South West Africa: -
1938 ................. beenns 19 — — — s
194853 ...... Cienieeracens 43 —_— — -
1954 ..., 59 - — —
Tunisia: -
19388 ..., 19 b 126 3
194883 ........ Cheetens ceee 19 98 118
1954 ..., n b 100 3
Asia:
Borma:
1938 ... ) 82 2 9
194853 ..... Ciiemeierenns . 4 4 101
1964 .............. Ceereaeas 12 12 100 67
China mainland:
1938 ..... e et . 2 .
194853 ........ Ceiiritienas 1 .
1956 ............ freereienes . veo ces :
India; ;ag
9388 ..., — —_— —_ %
853 ... — 1 =
1984 ..., cees 4 '3 gi
Korea: i
1938 .........ccoeviinin, 3 4 183 12 %
19“‘53 ...... St etetat ey hamad — é
1954 ............ N -— —_ - 17 ;
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Table 27. Lead Ore and Metal Production and Smelter Capacity in Under-Developed
Countries, 1938, 1948-53 and 1954 (continued)

(Thousands of metric tons, metal content)

Production
Per cent Smelter ar
Region, conntry ond pericd Ore Metal smelted refinery capacity
Latin America {continued):
Bolivia:®
1938 ... 13 - - _
194853 ........ crereiiaians 28 -
1954 ... iiiiiiiiiiiiiieen, 18 —_ — -
Brazil:
1938 ....oiiiiiiiii e — —_ — .
194853 ...... reesrsescrasans PR 3 .
1956 ........ceieienn 10
Chile:
1938 ... iviiiiiiinnnnn cees 1 - * —
1948-53 ...... tessscrcnnsens L3 — —
1954 ..........0 veseas . 3 - — —
Guatemala:
3 . — - — —
194853 ...... tiseeiriesenas _— —
1954 ... it .
Mexico:
1938 ............. Cereaas 12 a1 8 294
194858 ...iiivieiiiiinianne 2 m )
1954 ..... a7 b1} 4 328
Peru:
1988 .....cccvivnnnen feans 58 % &% 42
194853 ...... tesneseranaans 80 ] 54
1954 ........... Crrrecrenens 109 58 53 70
Middle Eans
Iran:
1938 .......... . .
194853 ..... crssesiessinans 10*
1954 ............ P ceeea 16 .
Turkey:
1938 ... ..ttt 7 1 14 15
194858 ....... cisieees 1 -
1954 ....... Ceeeeaias Creenes . . . é
ToTai, uNDER-DEVELOPED
COUNTRIES
1938 ........ ceeraee 640 3% 61 563*
194858 ............ 600 405 1
1956 ........ teneees 690 450 65 666°
WonLp TOTAL:®
1938 .......... . 1,700 1,570 93 2948¢
194853 ........ 1,540 1,510 %8
1954 ........... 1,710 1,770 103 3,070*
Source: United Natlons, Statistical Yearbook, 1954; American Notes on smelters and refineries in individual countries
Bureau of Metal Statistics, Yearbook, 1938 and 1954. Morocco, French: Fonderies Penarroya-Zellidja at Oued ¢] Hei-
* Data for 1949-53; production began in 1949, mer, built in 1947 and being enlarged to 60.000 metric tons,
* Exports. Northern Rhodesia: A smelter was built a1 Broken Hill in 1917,
* Estimated annual output, 1950-53. expanded in 1920 and Ieft idle after 1929, when the sich oxide
*A small proportion of this capacity relates to lead buHion ores had been exhausted. A new plant, to treat sulphide ores,
which may subsequently be reprocessed in a refinery in one of was brought into operation in 1946. _
the industrial countries. Tunisia: Three plants: a 2500040n smelter at Mégrine and
* Excluding the Union of Saviet Socialist Republics. two furnace refineries at Souk ¢l Khemis (4000 jons and
* Nominal capacity, of which the United States accounted for Bizerte (3,500 tons). ,
970,000 metric tons. A number of lead-silver smelting plants in Burma: Smelter at Namtu, damaged during the war, reacti-
Canada and the United States have been excluded. Effective vated in 1952.
capacity is estimated at 2,270,000 metric tons: 860,000 in the China mainland: Before the war there were 1wo blas lurnaces
United  States, 510,000 in the under-developed countries, and at Chang-sha; subsequently a smelter was buill at An-chan,
900,000 elsewhere. Manchukuo, by Manshu Enko, KK., a -ubsidiary of Nippon
* Excluding some lead-silver smelting plants in Canada and the Kogyo Kaida; capacity not known. Oies from Ch'angning
United States. In a few instances plant capacity has been esti- are treated hy the Hunan Provincisl Lead Smehting Plant at

mated on the basis of pre-war figures. Chang-sha. (Fnotnate contineed on page ¥4)
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be avertaking mine output: before the war large quan-
tities of ore and concentrates were exported to western
Europe; since 1916, however, more than threc-fourths
of ore production has been lacally smelted. Argentine
lead smclting capacity has also increased since the war
and in recent vears has heen sufficient to treat almost
the whole domestic ore output.

Lead smelting began in French Morocco in 1919, but
as a result of the cxpansion of mine production, the
average proportion of ore treated during the years 1949
to 1951 was somewhat less than one-third. If the trend
in mine output is maintained, the doubling of plant
capacity which is at present under way would still leave
a substantial volume of lead to be exported in the forin
of concentrates.

Production of lead ore in Bolivia and South West
Africa since the war has been substantially abuve pre-war
levels. Exports from these countries, however, continue
to be in the form of concentrates,* as they do from the
much smaller producers, such as Algeria, Chile. French
Equatorial Africa, Guatemala and the Philippines.

In the industrial countries as a whole, post-war lead
production has utilized not much more than half of
nominal capacity. This is due largely to the situation in
the United States, where at the end of 1949, for example,
capacity amounted to 866,000 short tons a vear for
primary lead (300,000 tons a year above average 1947-49
primary production) plus at least 500.000 short tons a
year used mainly for refining secoudary lead. One ex.
planation for this appareut excess of capacity lies in the
fact that before the war, United States imports of lead
were largely in the forin of ore, matte and base bullion,
much of which was smelted and refincd in bond and re-
exported. Between 1940 and 1950, by contrast, three-
fonrths of all lead imports consisted of refined metal.

In 1951, about one-fifth of the world's primary lead
refining capacity (outside the Soviet Union) was in
under-developed countries. If Burmna is omitted because

23 The National Lead Company, SA. of Argentina smels a
certain amount of Bolivian lead ore at its Puerte Vilelas plant
and, sinee 1951, in an experimental smelter at Tupiza in Bolivia
where a daily output of about one 10n of lead is produced from
low-grade ores.

its large refinery was not recommissioned until later,
this capacity appcars to have been utilized more fully
than that in industrial countries during the post-war
period — about 70 per cent on the average during the
years 1946 to 1951. New primary lead facilities that
have come into operation in under-deveioped countries
since the war include refineries in Northern Rhodesia
(1946), French Morocco and India (1947), Argentina
and Mexico (1951) as well as small smelters in Brazil
and Guatemala and an expansion in refining plants at
the Cerro de Pasco mine in Peru and the Trepca mines
(Rudnici i Topionice Olova i Cinka) in Yugoslavia.
Most of the expansion in lead smelting and refining
capacity since 1938 has thus taken place in under-
developed countries, and with world capacity well above
current levels of mine production, secondary supplies
growing in relative importance and inost of the producers
in these countries refining the bulk of their own ore
output, the immediate prospects of further rapid expan-
sion are not very great, unless new uses for lead increase
total demand.

In recent years, the ratio of the volume of metal con-
sumed in under-developed areas to the volume produced
there has been appreciably higher in the case of lead
(about one-fifth in 1948-53) than in the case of copper
(about one-eighth in 19148-53). Lead consumption in
most of the larger producers among the under-developed
countries, however, rarely reaches 10 per cent of mine
or smelter output. Most of it is used in construction,
printing and engineering repair work.

In the period 1948 to 1951, little if any lead was used
in Bolivia, Northern Rhodesia and South West Africa,
whose combined annual output was about 75,000 metric
tuns (metal content). In Northern Rhodesia the only
domestic consumption has been for the production of a
certain volume of antimonial lead sheet and pipe for
use in the Copper Belt. In Mexico and Pery, with a com-
bined output of 280,000 tons of lead a year, consumption
amounted to no more than 4 per ccnt of production; in
French North Africa it amounted to 6 per cent; in
Yugoslavia to 8 per cent. Most of the small output of
lead concentrates in Turkey and the Union of South
Africa is exported; domestic consumption (about 1,000

(Footnote continued from page 83)

Indiv: One smelter &1 Tundoo.

Korca: Before the war a sinelter was operated at Chinnamp'o;
subsequenily a second smelter (capacity 5,000 metric 10ns)
was bhuill a1 Yongamp'o,

Yugoslmia: Before the war there were three refineries---al
Zveean (20,000 metrie tone), Meziea 115000 metric tons) and
Nraheve (5,000 tons1, as well a- a blast furnace (4,000 tons)
operatel by Metalokemika, A.G. The refinerics aperating in
1954 were two nationalized plants —at Zvecan (60000 10ns)
and Mezica (15000 tons),

Argentina: Before the war facilities comprised a blast furnace
amd six hearths (IB.000 ) aperated by 1l National Lead
Company, S AL at Pueoo Vilelas, A seeond plant Ccapaeny
T20 metric tons) i m operation at Mercedes,

Hrazl: Faeilities consist of a smeber (8000-ton capacily) at
Panelas and an experimental refinery (2,000-ton capacity)
at Apiai.

Guatemala: There i a small plant ar Villa Linda-Huehoet
nango, capacity not known,

Mexico. Facilities consisl of five smellers — a Ch.huahua
(125,000 tons), Torrein (100,000 tons}, San Luis Potosf
{75,000 tons), Mazatléin (18,000 tonsi and Concepcién del
Oro (10000 tons) - which handle silver.lead ores prior to
refining at one of 1the 1wo plants at Monterrey operated by
the American Smehing and Refining Company (Harris proc-
ess. capacity about 216,000 10ns) and the American Melal
Company, Limited (Parkes process, capacity abow1 100,000
tons). The plant at Mazallan, operated by the Compaiia
Metalirgica Occidental, S.A., represents a post-war addition
to capaeity.

Peru: A smchter ut La Orova, capacity about 40000 metric tons
in 1938 and sbout 70,000 in 1954 Before the war lhere were
alsu two small Llast furnaces at Vesuvio and Pompei, with a
combined capacity of just under 2,000 tons of crude lead
avear,

Turkev: There are small blasl furnace smelters at Balya (idle
since 1930) and Vingdebi, Anamur, the crude lead capacilies
of which were about 12,000 meiric tons and 3,000 metric tons,
respectively, in 1938, and appreciably lower in 1954.
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tons a year in the former and 10.000 in the latter) de-
pends almost entirely on imports of primary metal.

The largest user of lead in Latin America is Argentina
which, during the period 1918 to 1951, consumed about
99,000 tons a year, or 50 per cent more than it pro-
duced, most of it in the forn of locally made pipe, sheet.
solder, anti-friction metal, type metal. batiery metal and
plunbing accessories. Brazilian consumption was of the
order of 23,000 tons, compared with production of only
3000 tons. Chilean consumption (mostly of imports)
has averaged about 2,000 tons a year in recent years,
a figure that has been exceeded since 1950 by the output
of a mine operating in the southern part of the country
from which small quaxtities of high-grade ore are sent
to Argentina for smelting.

Both India and Pakistan are importers of lead; their
combined consumption in the period 1948 to 1951 was
of the order of 15,000 tons a vear. Small quantities of
lead concentrates are exported from El Salvador. Guate-
mala, Honduras, southern Korea and the Philippines,
but these countries, together with Egypt, Indonesia,
lsrael and Uruguay, consumed in the aggregate no more
than 4,000 tons a year in the period under review, and
the bulk of this was imported as primary metal in the
form of pigs or bars.

Tin

In contrast to the trend in the lead industry, recent
expansion of tin smelting facilities has been greater in
the industrial than in the less developed countries.?* This
is the result of the war-time installation of a large smelter
in Texas and the destruction or deterioration of facilities
in south-eastern Asia. Indonesian tin production, one-
third of which was refined domestically before the war.
has been exported almost entirely in concentrate form in
the post-war years, at first to Malaya, and more recently
to the Netherlands (about 60 per cent) and the United
States (about 40 per cent). The dismantled smelters on
Bangka Island, Pangkalpinang and Belinjoe have not yet
been reinstalled and the Muntok smelter has produced
very little during the post-war period.

Malaya, which is the only under-developed tin pro-
ducing country with smelting capacity in excess of aver-
age mine output (table 28), draws additional concentrates
from neighbouring producers, especially Burma and
Thailand. A small plant was built at Yala in Thailand
just before the war; it produced a certain amount of tin
metal in subsequent years, but since 1947 the entire out-

24 Mosi tin is extracted in the form of oxide ores, chiefly
cassiterite, which because of their high specific gravity can be
separated quile easily, asually in a washing plant or gravity mill.
from the gravels in which they are commonly found in concen.
irations o‘g one-half to two pounds per 1on. The initial smelting
is also quite easy, at least for most of the alluvial ores; the con.
centrates are roasted to expel sulphur and arsenic and then re.
duced by limesione flux and powdered anthracite in a blast or
reverberatory furnace, frum the bottom of which fairly pure tin
can be 1apped. As a good deal of the 1in unites with the flux. 1he
slags have to be resmelied under more carefully controlled condi-
rions in order 1o achieve an acceptable recovery. Refining involves
another remelt under even more precise control, which permits
only the impurities to be oxidized.

put has been exportel as concentrates, chiellv to Malava
and the United States. Apart from Japan, which has o
small smelter capacity (of the arder of 2.000 tons a veart |
the only other produrer of tin netal in Asia is mainland
China, whose annual mine output sinee 1918 is extimatid
to have averaged between 5,000 and 0,000 long tons, all
of which is locally refinenl.

Rather less than one-fourth of the Belgian Congo ont-
put is smelted locally at the Mauonn plant of the Com-
pagnie géologique et miniereles ingénieurs vt imlustriels
helges; the remainder goes chiefly to Belgium s con-
centrates, The entire Nigerian autput is shippel to the
United Kingdom in the form »of concentrates. ln recent
years, the Union of South Africa, the only other Afrivan
producer of any magnitude. has been more vr less self-
supporting in respect of tin: the major producer is the
Zaaiplaats Tin Mining Company, Limited, which oper-
ates a small smelter and refinery built just before the
war and capable of handling mnt only the local ore but
also concentrates imported from South West Africa and
Swaziland.

The high metal coutent of most tin conventrates (70
per cent or more) makes shipment, even over long dis-
tances, economically feasible, especially when the priee
is high, as it has bheen during much of the post-war
period. Bolivia, whose ore is relatively ponrer, has al-
ways exported its entire output in the form of concen-
trates containing 30 to 40 per cent tin, In 195} these
exports totalled more than 90,000 long tons, with aggre-
gate fine tin content of just over 33,000 long twns, or
about 37 per cent of the gross weight. The recalcitrance
of the ore, high losses sustained during treatment and
the need to “sweeten” the feed with higher-grade alluvial
ores are among the technical difficulties standing in the
way of the suceessful operation of a large-scale plant.
An experimental smelter built at Oruro in 1917 has not
yet fulfilled its main purpose of increasing tin metal
exports to Argentina, where existing facilities are ca-
pable of handling only the small output — between 200
and 300 tons a vear in the post-war period — of heal
tin mines. Argentine tin consumption in the decade 1945
to 1954 averaged about 1,300 long tons a year; the bulk
of this was derived from imports, and plans to increase
domestic smelting capacity t» the extent necessary to
secure at least that country's large requirements of tin
plate, by utilizing part of the Bolivian output of con-
centrates at present going ty the United Kingdom and
the United States, have not yet materialized.**

A small amount of tin smelting is carried on in several
other Latin American countries: in the post-war period
production of primary tin has ranged up to 500 tons a
year in Brazil, between 200 and 100} tons a year in
Mexico and up to 60 tons a vear in Pern.

Before the war, between 50 aml 60 per veut of the
world’s tin metal wutput came fram ander-developed
countries: in 1948 the propurtion was less than ¥ per

2 In September 1932, a group of Argentie industrialiste signed
a contract with 1l Bolivian Goverament fur the estabhshient of
a tin smelier in Bolivia, bui this was veseinded in April 1953.

g
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Table 28. Tin Ore and Metal Production and Smelter Capacity in Under-Developed
Countries, 1938, 1948-53 and 1954

(Metric tuns, metal content)

Production

Per cent Nmelter or
Region, country and period fhy Wotal smelted refinery cuparity
Africa:
Belgian Congn:*
1938 ... 9824 2,229 23 6,000
104853 .......cvill iee 14.028 3,192 23
1954 ... i 15.323 1.975 13 10,000
Nigeria:
1938 ..., 9.119 - - —
194853 ... ..o, 8,703 — —
1954 ... i, 8,054 - - —
Union of Somh Africa
1938 ..., 567 —_ — -
194853 ..........ooilel 783 789 97
1954 ...l 1,336 750 56 1,000
Rest of Africa:®
1938 ..., 1449 - -— -
194853 ... ..cvvviiinnnn.. . S79 72 12
1954 ..., 800 n 3 100
Asia:
Burma:
1938 .. ..., 5,026 305 6
1948.53 ....... Cieeeeees es 1.378 - —
1956 .......oviiiiin.n, 963* - — —
China mainland:*
1938 .......ciiiviiniin, 13410 13410 100 14,000
194853 ....civnennnnnn, ee 5,017 5,016 100
1954 ..., 1620 7.620 100 11,000
Indochina
1938 ............ ..., 1.624 2335 1444 4,000
1948.53 ...... rereeiees R 109 - -
195¢ ... i, 46 - - ——
Indonesia
1938 ..., 30,200 10,256 M 20,000
194853 ... .....coiiiiel. 32,439 - —
1954 .. ..., 36,435 1373 4 10,000
Malaya:
1938 ..., 44.063 64,758 147 200,000
194853 ..., 55,463 63,054 114
1954 ... ... ..., 61,662 72,305 117 108,000
Thailand
1938 ..., 15,055 — — —
194853 ... ..., B.698 - —
1954 ..., 9932 — — —

cent, in 1952 about 13 per cent and in 1951 about 42
per cent. As world smelter capacily is in excess of post-
war levels of tin consumption — even when measured
on an effective or useful basis as against a theoretical
or nominal basis — there would scem to be little pros-
pect of much imwmediate cxpansion of smelting and
refining in less developed areas. However. if the closing
down of the Longhorn (Texas) smelter — periodically
debated in the United States Congress — were accom-
panied by the huilding of new facilities in Bolivia or
the reconstruction of the Indouesian plauts, the pre-war
balance of facilities hetween under-developed and indus-
trial countries would he restored.

Almost the entire output of tin ore is produced in
under-developed areas. but very little of it is used in

manufacturing processes in those areas, Tin plate, for
example, which accounts for hetween a third and a half
of total tin consumption. is almost exclusively a product
of the industrial countries with advanced steel indus-
tries. Although several less developed countries have
started to produce tin plate in recent years, one of the
effects of the Second World War was to concentrate pro-
duction to a greater degree in North America: in the
period 1935 to 1939 the United States produced about
50 per cent of the world output (excluding that of the
Noviet Union) and Canada about one per cent, while
in the period 1918 101952, the United States share was
no less than 71 per cent of the total and Canada’s 1 per
cent. In the latter period a further 20 per cent came from
western Europe and the United Kingdom.
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Table 28. Tin Ore and Mectal Production and Smelter Capacity in Under-Developed
Countries, 1938, 1948-53 and 1954 (continued]

{Metric tons, metal content)

Production
Region, country and period Ore Mecal ’::I’(fl’:; nﬁf:; “::p:;‘ly
Latin America: o
Argentina:
1938 .....ccoiiiiiii i, 1,746 1,110 64 1,500
194853 .. ..iiiieiiiiiinien . 249 242 97
1954 ... it 168 61 36 1.500
Bolivia:*
1938 ... v e 25,892 -
194853 ....ovvivnnnnann, e 34,305 164 1
1954 ........... Ceeeareraias 29.285 199 i 1,200
Brazil:
1938 ... .. it —_ - —
194853 ............ eee 199 140 70
1954 .. i 193 488 267 2,000
Mexico:
1938 ... 253 - — -
1948-53 ... viiiiniiiiniiian. 378 8 74
1954 .......0iiivinnnnn 381 24 64
TOTAL, UNDER-DEVELOPED
COUNTRIES
1938 ...... Veveenas . 158.232 92,827 59 247.000°
194853 ............ 164,199 74,024 45
1954 ...l 172,188 77422 45 145,000¢
WonrLd TOTAL:
® 1938 ......... 167,640 164,694 % 450,000°
1948-53 ...... 168,283 171,950 102
1954 ......... 179324 185,928 103 372,0008

Source: International Tin Study Group, Statistical Bulletin,
(The Hague) August 1954; American Bureau of Metal Statlstics,
Yearbook, 1939.

* Including Ruanda-Urundi.

® Cameroons under French administration, Egypt, French West
Africa, French Morocco, Mozambique, Northern Rhodesla, South
West Africa, Southern Rhodesis, Swaziland, Tanganyika and
Uganda.

° Estimated.

4 Partial figure representing the output of the smelter In Tonkin.

* Production of Federated Mulay States, and exports of Straits
Settlement and United Malay States.

! Exports,

*Including estimates based on output for certain countries,

Notes on smelters and refineries in indiridual countries

Belgian Congo and Ruanda-Urundi: An electrolytic plant con-
sisting of a reduction furnace and four refining furnaces built
in 1934 at Manono. During the war, capacity was enlarged to
10,000 tons a vear and a second plant (capacity 5.000 tons)
was built and opcrated temporarily at Lubudi.

Union of South Africa: A smelting and refining plant built
during the war at Potgietersrust, It treats local ores and a
certain volume of concentrates from South West Africa and
Swaziland.

Southern Rhodesin: A small refinery at Bulawayo (capacity
about 100 metric tons a year) treats most of the local con-
centrates.

China mainland: Three smelters operated before the war - at
Hohsien (Kwangsi) and in Ko-.chin. The Hohsien plant
(4,000-ton capacity) was built by 1he National Resources
Commission to treat ores from Hunan, Kiangsi and Kwangsi.
The larger of the Ko.chiu plants (4,000-ton capacity) was
built by the Yunnan Tin Corporation for treating the com-
pany's own ore and refining crude metal produced by as many
as fifty small local smelters. It was to have been expanded
to 20,000-ton capacity, but has probably operated well below

this level In recent years. Before the war a certain amount
of Chinese are was treated in four small refineries operated
in Hong Kong.

Indochina: Two smelters operated befure the war- at Haiphong
and Thakhek (Laos). Between 1933 and 1941 the Haiphong
smelter of Rondon et Cie., originally built to treat local ore.
refined crude tin imported from Yunnan; its capacity was
about 3,000 tons a year.

Indonesia: Before the war the Netherlands East Indies Govern.
ment operated  smelters  at  Pangkal-halam, Muntok  and
Belinjoe; the first two of these (combined capacity about
20,000 metric tons) treated practically all the ore from
Bangka, while the thind was of outioodel design and was
beld largely in reserve, chicfly for treating stanniferous slags.
Since the war the Muntok plant (original capacity about
10,000 tons a year) has been partly rehabilitated and is oper-
ated by the Indonesian Government concern, Banktinwinning.

Malaya: Two larze relineries operated by the Fastern Smelting
Company, Limited, at Penang and the Struite Trading Com-
pany, Limited, at Pulau Brani. Capacity of the former wes
about 100.000 tons a vear hefore the war and about 67,500
tons in 1954; capacity of the latter, about 90,008 tons & year
before the war and about 40,000 tons in 1954 A small smelter
at Butterworth used as a standby imnmediately hefore the war
has since heen partly dismantled. Several small Chinese plants
were in opcration before the war; one at Kuala Lumpur re.
opened in 1948,

Thailand: A stoall plant at Yala smelting local ores during the
period 1942 to 1947,

Argentina: A <mall plant at Buenos Aires treating concentrates
fram the mines at Jujuy.

Bolivia: A pilot smelter (theoretical capacity about 100 tons a
wontly built at Oruro in 1947,

Brazil: An clectric fureace huilt by the Companhia Fstanifera
Jdo Bra<il at Volts Redonda to smelt tin concentrates from
Sao Jodo del Rei.

Mexico: A small amount of smelting is carried on at San Luis
Potosi.
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Though almost one-eighth of the world’s output of
tin plate is used hy the canuing industries of under-
developed countries, only about 3 per cent is manu-
factured outside the main industrial areas (table 29).
In the period 1937 to 1939 India produced about 51000
long tons of tin plate a year and consumed about 63.000
tons, of which about 11 per cent was thus imported. In
the period 1951 to 1933, production was a fifth higher,
but consumption was up by more than a third, and over
25 per cent of domestic requirements were imported,
chiefly from the United Kingdom and the United States.
In Mexico, annual production almost doubled between
1948-50 and 1951.53 — from 7,100 to 14,300 long tons
— but in absolute terms the level of consumption rose
more, so that the deficit to be met from imports increased

Table 29. Tin Plate Production and Ap

from 11,900 tons to 16,700 tons. The same is true of
Brazil, where despite a doubling of the output of the
Volta Redonda steel works — from 21,000 to 42,000 long
tons — import requirements increased from 53,000 tons
to nearly 76,000 tons, ln Chile, however, tin plate pro-
duction hegan at the uew Corporacion de Fomento steel
works at Concepcion in 1950, and that country was able
to meet over Y0 per cent of domestic requirements in
the period 1951 to 1953. In the Union of South Africa,
where production began in 1951, average output during
1951-53 was sufficient to satisfy only the expansion in
consumption since 1948-50, and imports remained at
about 42,000 long tons a year. Consumption in Argen-
tina — 56,000 tons a year in 1948.50 and 67,000 in
1951.53 ~— is met entirely from imports.

arent Consumption, by Region,

1937-39 and 1851-53

Pr~duction Consumption

Region 1937.39 1951.53 1937.39 1951.53

Amount (thousands of long tons) :
Canada and 1he United States...... 2,056 4,183 t,919 3,702
Europe and the United Kingdom*, .. 1,335 1.156 1,041 1,082
Japan and Oceanig................ 167 98 21 255
Latin America .........ooc0vvvnnns - 70 170 283
Asia® i, 54 65 148 178
Africa ..ooviiiiiiii i, 22 48 102
Middle East ............... . — —_ 18 a1
ToraL 3612 5.594 3,635 5,633

Percentage of total :

Cinada and the United Siates...... 57 75 53 66
Ewope and the United Kingdom®... 37 21 2 19
Japan and Oceania ................ 5 2 8 5
Latin America .........o0vvuuun.., - 1 5 5
Asia® e, 2 1 4 3
Africa o..ooiiiiiiiiii i, - — 1 2
Middle East .........c.000vunn... - — - 1

Source: Inernational Tin Study Group, Sta-
tistical Yearbook, 1949 and 1954; Statistical Bul-
fetin, May 1955,

* Exclsding Bulgaria, Czechoslovakia, Hungary,

The main sources of tin ore, however — Bolivia, Indo-
nesia, Malaya, Thailand — lack the steel industry on
which tin plate manufacture is necessarily founded.
Before the war, Indonesia imported 25,000 to 30,000
long tons of tin plate each year and in 1937 exported
13,500 tons of tin metal. Post-war tin exports have been
much smaller, and average 194852 imports of tin plate
were only about 6,500 long tons: there would seem to
be no immediate prospects of using indigenous coal and
iron ore resources for a local steel industry in which a
tin plate section might be established. Imports of tin
plate into Indochina amonnted to 10,000 long tons in
1937 but to only 3.300 tons a year in the period 1948.52.
Tin exports were also much lower, and here too there
is no early prospect of a domestic steel and tin plate
industry. Much the same is true of Malaya, which is
both a wnuch larger exporter of tin metal and a larger

Poland, Romania and the Union of Soviet Socia-
list Republics; and eastern Germany in 1951.53.

* Excluding mainland China, Japan and the
Union of Soviet Socialist Republics.

importer of tin plate for the use of its substantial food
canning industry.?® Tin plate consumption, which was
about 20,000 long tons a year immediately before the
war, averaged not much more than half of this (11,500
tons a year) in 1948-52, all imported. Both Indochina
and Malaya mine coal and iron ore; post-war produe-
tion has been much below pre-war levels, however, and
it was not until 1950 that Malaya resumed its export of
iron ore to Japan. Thailand’s tin plate requirements are
also imported; they averaged about 5,400 tons a year
in the period 1948-52,

In the period 1948 to 1953, the eight major tin ore
producers accounted for more than 95 per cent of world

28 Fish. butter, coffee and vegeiables are canned, but pineapples
are the wajor ilem: before the war Malaya produced about one-
fourth of the world's canned pineapple oulput.

]
i
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ontput but less than one per cent of world consumption.
In 1951, the Belgian Congo, Indonesia, Malaya, Nigeria,
Spain and Thailand — all significant tin producers —
spent the equivalent of almost $700,000 on imports of
wrought and unwrought tin metal and tin alloys, from
DBelgium. the Netherlands and the United Kingdom. Most
nnder-developed countries, ineluding those which export
signifieant quantities of tin concentrates, iinport not
only tin plate but also varying amounts of other tin
products — solder, bronze, anti-friction metals and tin
foil, as well as metallic tin itself in different forms.

Zine

Technieal complexities and high power requirements
have tended to retard the growth of zinc refining facili-
ties in the less developed areas:?” even Australia con-
tinues to export a large proportion — more than half
during the period 1950 to 1954 — of its output in the
form of concentrates, Nevertheless, as in the case of
lead, the history of the zinc industry has been eharae-
terized by a relative decline in Furopean mine output
in the face of increasing production in the United States
and, later, in less developed countries. This was accom-
panied by the gradual spread of smelting and refining
facilities from the United Kingdom. where the first
smelter was established in 1740, to Silesia (1798), Bel-
gium (1807), Russia (1816), France (1855), the United
Ntates (1860), Spain (186G), the Netherlands (1893).
ltaly (1897). Australia (1903), Norway and Sweden
11911), Japan (1913), Czechoslovakia and Yugoslavia
(1919}, Mexico (1923), Indochina (1924), Northern
Rhodesia (1925), Argentina (1942) and, most recently,
Peru (1951) and the Belgian Congo (1953).

In 1938 the under-developed countries refined less
than a sixth of their ore output and accounted for less
than 4 per cent of the world’s primary zinc production
texcluding that of the Soviet Union). By 1954, the pro-
portion of ore locally refined had risen to almost a fourth,
and their contribution to world production amounted to
7 per eent (table 30).

In absolute terms, however, the construction of smelter
capacity has hardly kept pace with the expansion of
mine output. In 1925 mine production in the under-
developed countries exceeded smelter production by
about 164,000 metric tons; in 1953, though smelter

27 Most zinc ores contain a high preportion of sulphides and
reiquire initial low temperature roasting to convert them to oxides,
The roast may be leached by acid solutions which are then elec.
trolysed to form pure zinc sheets. The proportion of electrolytic
zinc is tending to increase, but the bulk of the smelter output
still comes from retort smelting and distillation. The raw material
of the smelter is the oxide roast or a zinc fume derived from the
volatilization of the zinc constituent of mixed lead-zinc ores in a
specially designed lead smelting blast furnace. The oxides or
fume are mixed with hard coal and distilled in small refractory
tthes of clay and carborundum, banked horizontally 200 or more
together in a coal or gas fired furnace or more recently, in areas
with cheap power, in an electric furnace. Experinents with ver.
tical retorts have resulted in important improvements- -mechanical
charging and discharging and a reduction in the amoum of un-
wanted oxidation within the tubes—but have entailed briquetting
the feed, which increases costs.

production had risen from about LOOO tons to abont
121000 tons, it fell short of mine production by no less
than 516,000 tons. Mine output had also expanded to g
greater extent than smelter ontput in Australia, Canada
and Japan. This disparate growth was connterbalaneed
by changes in the United States and western Furope,
[n the United States, where mine production exceeded
smelter produetion by about 125.000 tons in 1925, con-
struction of refining facilities was suech that by 1953
smelter output was about 331000 tons greater than mine
produetion. In western Furope, despite a substantial in-
crease in mine output, dependence on imported coneen-
trates was appreciably greater in 1933 than in 1925,

The only under-developed country which relines most
of the zine ore it produces is Northern Rhodesia: ontput
from this source, however, amounts to little wmore than
one per cent of the world total. Another small prodocer
with a smelting capacity large enough to treat all domes-
tic ore at reeent rates of mine prodnction is Argenting:
in the period 1948 to 1954, however, metal outpnt has
not been much over half of ore output. even thongh part
of the intake of the new refinery at Comodoro Rivadavia
eonsists of concentrates imported from Chile.

Since the completion of its eleetrolvtic relinery at
Kolwezi in 1953, the Belgian Congo has heen able to
refine about a third of its ore output at recent vates, The
latter have been substantially aboVe pre-war fignies and
in 1954 aceounted for almost I per cent of the world
total (excluding output of the Soviet Union). Yugo-
slavia, a somewhat smaller producer, also refines a higher
proportion of its ore output than hefore the war: even
so, three-fourths of mine production is still exported as
coneentrates,

In Peru, where mine production of zine has risen from
a pre-war peak of 21,000 metric tons in 1939 to 60,000
tons in 1946 and 155,000 tons in 1931, sinelting capacity
has also expanded. A 2,000-ton pilot plant operated In
the Cerro de Pasco Corporation during the war was
replaced by a 12,000-ton refinery in 1931, and this has
sinee been supplemented by a 23.000-ton plant. 1n 1954
just over 10 per eent of mine output was locally refined
and capacity now exists for treating abont twice that
proportion at current rates of prodnction. Fonr-fifths
of mine output will eontinne to be exported in the form
of coneentrates. Plans for expanding Peruvian capaeity
by means of a 30,000-ton refinerv to process concentrates
of too low a grade to he commercially exported, as well
as a gavernment-sponsored plant to handle the product of
some of the small mines and a certain amonnt of ove
from Bolivia, are in abevance until the clectricity invest-
ment programme of the Corporacion de Fomento del
~anta has been completed.

Mexieo, third amang produeers of zine ore aud con-
tributor of about one-tenth of the workP’s supply during
the past two decades, smelted its first slab zine in 1923,
In 1953 it had a refinery capacity of about 55,000 metvie
tons, suffieient for about one-fourth of its mine output,
eontributing between 2 and 3 per cent of the world's pro-
duction of zine metal.
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Table 30. Zinc Ore and Metal Production and Smelter Capacity in Under-Developed

Countries, 1938, 1948-53 and 1954

i Thousands of metric tons, metal content)

Production

Per cent
Region, country and period Ore Menl smelted

Smeltar or

refinery capacity

Africa:
Belgian Congo:
1938 .oiiiiiiiiiiiiiieas e 59 — —
194B-53 ...iviiiiniiinnnanes 821 78 ¢
1954 ............ Ceebeenrees 825 32.0 89

1938 ...coiiiiiiiiine ver 70

194883 ....... 95 — —

1954 ... iiinviiiininnnnnns 210 — —
French Equatorial Africa:

1938 ooooooooooo sresene X lt’ —

194853 ... ivievriinennnnnee 03 — —

1954 .0oevnvnnnnn, — —
Morocco, French:

1938 P LRI L EPL O e atias et eapany “ -

1948-53 Tteoses st s et 1&5 - —

1954 .....c00nnee, M4 —

Northern Rhodesfa s
1938 ovvivnnnrnnnanennnnene 187 104
1954 .......... 316 no

South West Africa:

19“'53 I N R NN XY WY l“ - vo—
1954 ....... 163 - -
Tunisla:
1938 ......... 0.4 —
19"3-53 ®0osss00cirer s ” — Ll
1954 ........... 52 -
Asia;
Burma:
1938 ....coiiivinnns 86.7 -—
1948‘53 t0sosetesssteerenn e "l. — -
195¢ ... 65 —— —

Indochina:
194853 ....ciieiiiiinienies — —
1984 ......... — —
India:
1938 ......co..n — —
194853 Leivvinaecncrncnonne 10 -
195‘ R EEEREK] AN RY u —

Europe:

Il e

i1l

1938 .......... Cerreersinren “46 46
lm'ss LR N I R R N A N Kl.o
134

&
544
*R=

Latin America:
Argentina:
1938 teviiivieiecrinicnrens 15.3 —_—
194B-53 ...ovveenircncnanne 138 7.3
1954 ... iiiiiens rrenees v 18.9 110

Bolivia:*
1938 ...iiiiiniiiinnns vevees 10.7 —_

881

1948-53 ...vvieiiiireniniaes 48 —_— —

1954 ...... Ceeeesrseeaa 204 — —
Guatemals:

1938 .. ..iiiiiiiina —_ — —

194B-53 iieviiinnirancnnne 5.8 —_ —_

16
16
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Table 30. Zinc Ore and Metal Production and Smelter Capacity in Under-Developed
Countries, 1938, 1948.53 and 1954 (continued)

(Thousands of metric tons, metal content)

Production
Per cemt Smelter or
Region, country and period Ore Meial amelted tefinery capacity
Mexico:
1938 ...ttt 172.2 37.1 22 41
194853 .. iviieiiiiiiniinnns 202.5 52.9 26
1954 .. .o iiiiiiiiiiiiiees 224.0 55.0 b 55
Peru:
1938 ooiiiiiiiine e, 146 — - —-
1948-53 ...iiiviniiiiiiianan 96.8 3.2 3
1954 ...ttt 155.0 134 10 35
Middle East:
Turkey:
1938 ..iviiiiiii it 17.3 — — —
194853 ... ivinviiiiiennennn 13 — -
1954 .....iiviiinnnnnes . cee — — —
TO‘I'AL, UNDER-DEVELOPED
COUNTRIES :
1938 ............l 366.7 56.6 15 8
194853 ........ e 545.6 106.1 19
1954 .....o00vnnnen, 681.4 154.0 px] 191
WorLp TOTAL:®
1938 ......... 1,829 1,490 82 2,026'
194853 ...... 2177 1,888 L1
195¢ ........ 2,300 2,200 9 3,040¢

Source: United Natlone, Statistical Yearbook, 1954; Amerlcan
Bureau of Metal Statistics, Yearbook for 1939 and 1954; Metall:
gesellschaft Aktiengesellschaft, Metal Statistics, 1938, 1946.1953.

* 1953 only, when refining began.

¥1952.53; production resumeg in 1952,

“ Exports.

1950-53; production began in 1950.

* Excludiug the Union of Soviet Socialist Republics.

' Spelter capacity 1,322,000 metric tons (600,000 tons in the
United States) and electrolytic capacity 704,000 tons (214,000 tons
in the United States).

¢ Spelter capacity 2,127,000 metric tons (981,000 tons in the
l'nited States) and electrolytic capacity 1.094,000 tous (387,000
tons in the United States).

Notes on smelters and refineries in individual countries

Belgian Congo and Ruanda-Urundi: An electrolytic refiner;
built in 1953 at Kolwezi, operated by the Société métallur.
gique de Katanga.

Northern Rhodesia: An electrolytic refinery built in 1925 at
Broken Hill, operated by the Rhodesia Broken Hill Develop:
ment Company, Limited.

Among the under-developed countries that produce
significant quantities of zinc ore, Algeria, Bolivia, Burma,
I'rench Morocco and South West Africa still lack smelt-
ing facilities. These countries accounted for just over
3 per cent of the world’s mine output in the period 1948
to 1953 and 4.5 per cent in 1954, Though refining ca-
pacity in under-developed countries was more than
doubled between 1938 and 1954, it accounts for little
more than 6 per cent of the world total {excluding out-
put of the Soviet Union).

So far as the proportion of output actually used in
under-developed countries is concerned, zinc lies between
copper and lead; for the group as a whole consumption

Indochina: A 1,050-retort smelter at Quang.Yen operated be-
tween 1924 and 1942 by the Compagnie miniére et ménallua-
gique de I'Indochine.

Yugoslavia: A 2,040.retort sinelter huilt in 1919 a1 Celje, oper-
ated by Cinkarna d.d. until 1942, nationalized sfter the war.

Mexico: A 6400-retort smelter built in 1923 (expanded to
7200 retorts during the war) at Rosita, operated by the
Mexican Zinc Company, s subsidiary of the American Smelt-
ing and Refining Company.

Argentina: Facilities consist of 1wo electrothermic furnaces
(capacity 16,000 metric tons a year) completed in 1951 at
Comodoro Rivadavia, operated by the Compaiia Metalirgica
Austral, S.A, a subsidiary of the St. Jaseph Lead Company
and an electrolytic plant of 6,000 tons capacity, huilt in 1942
at Zirate, operated by Meteor Esiablecimientos Metalirgi-
cos, S.A.

Peru: An electrolytic plant of 12,000-ton capacity built in 1951
and an electrothermic smelier (total capacity 23,000 tons),
one unit of which came into operation in 1954 and the second
in 1955; both plants are operated by the Cerro de Pasco
Corporation at fl Oroya.

during the period 1948 to 1951 was about 22 per cent
of mine production, for the zinc producing counlries of
the group, about 14 per cent.

The Belgian Congo, Bolivia, Northern Rhodesia and
South West Africa consumed little or none of the zine
they produced. Peru used less than 2 per cent of its
domestic output and Mexico about 5 per cent. Since
1953, however, Mexican consumption has tended to in-
crease somewhat, partly becanse of the completion of a
sheet zinc plant which a United States company hegan
building at Avalos in 1952, While exporting about 21,000
metric tons a year in concentrate forin during the period
1948 to 1951, I'rench North Africa imported its require-
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ments of primary metal — less than 1,000 tons a year.
On a much smaller scale, this was also the course of
trade in Turkev.

Yugoslavia’s annual production during this period
was of the order of 10,000 metric tons, of which about
one-fifth was consumed locally. The whole of the Union
of South Africa’s annual consumption of about 13,000
tons was imported, as was Brazil's average consumption
of about 10,000 tons. Argentina, by contrast, required
only marginal imports to maintain its average consump-

tion of almost 15,000 tons. Chilean consumption was
much less (4,000 tons a year) but most of it was im-
ported, even though small quantities of concentrates have
been exported in recent years.

In these major Latin American consumers, as in the
Union of South Africa, the principal user of zinc is the
iron and steel industry, which employs it in the process
of galvanizing. This is also true of India, which is com-
pletely dependent upon imports for its consumption —
about 26,000 tons a year in the period 1948 to 1951,
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Chapter 5

DEVELOPMENTAL EFFECTS OF THE NON-FERROUS METAI, MINING AND
SMELTING INDUSTRY

Apart from being a source of supply of one or more
of the metals, the types of mining and smelting opera-
tions with which this study is concerned fulfil a number
of other important functions. To an under-developed re-
source country, indeed, the fact that a mine yields a
particular metal may be of comparatively little con-
sequence, at least until the stage of economic develop-
ment is reached when that metal can become the basis
of specific domestic industries. In the meantime, the
nature of the metal is significant chiefly as a determinant
of the extent to which it is likely to be saleable overseas:
for in the early stages of development, the mine serves
its main function by earning foreign exchange for the
resource country,

Various aspects of this development function have been
mentioned in preceding chapters. It is now proposed to
bring together the more significant points by examining
the flow of the income which accrues to the mining com-
pany as a result of mineral sales, discussing in particular
the four main categories of mining expenditure: (1) dis-
bursements made to the labour force working at the
mine; (2) payments made to agencies supplying the
mine with goods and services necessary for its operation;
{3) contributions made to the public purse by way of
taxation; and (4) the distribution of the residual profit
—to reserves, to reinvestment or to the owners of the
mine’s capital. For it is through this monetary flow that
the mine exercises its principal developmental effects.

Mining differs from most other economic activities in
under-developed countries in the extent to which the
revenue it distributes is derived from abroad and hence
in the degree to which it helps to widen the choice of
goods over which the new purchasing power can be
exercised, enabling the country to acquire commodities
and equipment essential to its development but obtainable
only from abroad. To this extent non-ferrous ore mining
thus has much the same economic significance as any
other export activity. Nevertheless, on the economic level
no less than the technical one, mining activities differ
from those carried out on a plantation, and the extrac-
tion of a mineral involves different problems from those
associated with the cultivation of an agricultural crop.
Though the flow of export income through the domestic
economy exerts its developmental effects in much the
same general way, therefore, mining and smelting opera-
tions possess a number of features which distinguish
them from other export industries. It is the object of the
present chapter to bring out these features and to discuss

9

their relevance to the broad problem of maximizing the
development potential of the non-ferrous metals indnstry
in general, and the mining section of that industry in
particular.

One of the features of mining is its peculiar reaction
to fluctuations in the sale and price of its product. As
these fluctuations and the resultant reaction have a pro-
found effect upon the flow of incone generated by the
mine, it is advisable, before proceeding to analyse the
nature and effects of the four income streams distin-
guished above, to discuss the problem of instability and
some of its technical and economic consequences.

SOME TECHNICAL AND ECONOMIC EFFECTS OF FLUCTUA-
TIONS IN MINERAL OUTPUT AND PRICE

One of the criteria of the developinent potential of any
industry is its stability, and on this score the non-ferrous
metals industry has a far from satisfactory record. For,
apart from uncertainty as to the precise extent and
nature of the ore resources themselves, the industry has
been characterized by substantial short-tenn fluctuations
in demand and price on world markets, which have re-
sulted in correspouding variations in the noney proceeds
from mineral exports. Some indication of the magnilnde
of these variations is given by the figures in table 31.
Between 1928 and 1950, the largest relative declines in
non-ferrous ore and metal export proceeds were concen-
trated in the years 1920, 1931, 1932 and 1938 and, to
a smaller extent, at the end of the war, in 1945 and 1946,
During the period 1929 to 1933, indeed, there were
numerous cases of large relative declines in proceeds in
two or even three successive years, which in many cases
reduced the foreign exchange earnings of the under-
developed exporting country to very low levels. -

Although it is these large and sudden reductions in
export receipts which are most disruptive of orderly
economic development and of the systematic utilization
of available foreign exchange, resources, the general in-
stability of export proceeds during any given period is
also an important consideration and one that is perhaps
more easily measurable by a single average. Among the
25 cases set out in table 31, the unweighted arithmetic
mean year-to-year fluctuation in export proceeds was
no less than 27 per cent (table 32). In other words.
during the period from 1928 to 1950, the average annual
change in the foreign exchange yield of the specified
ores and metals exported by the countries in question
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’ Table 31. Fluctuations in Proceeds* Derived from the Export
Percentage decline® compared with
Commaodity and country 1929 1930 1931 1937 1933 1934 1935 1936 1937 1938 1939 1900
Antimony ore:
Bolivia...................... ® 74 + 8 + -+ + + + + + -+
Mexico...................... 12 27 + 73 + + + + + 39 2 -+
Bauxite:
Guiana, British.. .. ..... ... .. + 25 + 48 49 -+ + + + + + 24
Surinam.................... -+ + 35 28 15 + 1 + + 3 + 29
‘Copper, concentrates and metal:
Belgian Congo................ + 6 18 70 + + 8 + + 40 + +
Chile....................... + 44 34 69 + + + + + 30 + +
Mexico...................... + 26 52 56 + + 13 9 + 30 + 13
Peru................... + 27 38 68 + + + + + + 1 +
Lead, concentrates and metal:
Algeria................. .... + 30 43 + 83 71 + + + 33 26 +
Mexico................ ..... + 22 3 43 15 + + + + 11 20 +
Morocco, French. ... ......... + 6 88 + 100 + + + + 16 + +
Tunisia. .................... + 17 27 32 + + + - + 49 - +
Tin, concentrates and metal:
Belgian Congo............. ... 4 54 79 + 4 + + + + 18 6 +
Bolivia...................... 4+ 42 40 43 + + + 19 + 23 + +
Malaya...................... 4 35 39 55 + + + + + 57 + +
Zinc, concentrates and metal:
Mexico................... ... + 50 23 61 + -+ + + + 20 14 +
Peru........................ + 39 100 + + + 13 + + 42 + +
Chromite:
Southern Rhodesia............ 4+ 24 59 83 + + + + + 30 26 +
Tarkey...................... + + 4 + + + + + + + 14 +
Manganese ore:
Brazil....................... + 38 36 i + 71 + + + + 23 +
India............... ........ 4 22 40 61 1 + + + + + 20 +
Nickel ore and concentrates:
New Caledomia............... + + 10 31 2 + 5 40 + + + +
Tungsten ore:
Bolivia.... ........... ...... 4+ 57 60 + 61 + + + + + + +
Burma...................... + + 12 6 + + + + + - + +
China....... ............. . + 36 18 69 + + -+ -+ + 69 13 9

Source: Calculated from national statistics by United Nations

Bureau of Economic Affairs, Resources and Indusiry Branch.

was, on the average, from an index of 100 in any one
year to an index of 73 or 137 in the next.! The median
fluctuation was also about 27 per cent, one-half of the
25 cases studied showing average yearto-vear move-
ments greater than this.

The average annual variation of 27 per cent recorded
by these non.ferrous metals was greater than that re-
corded by agricultural exports and other primary exports
of under-developed countries during the same period.*
Both for the non-ferrous metals and for the other primary
commodities, fluctuations in proceeds were greater than
either those of price or those of volume taken separately.
The tendency of price and output to move in the same

1 See footnote b of table 32.

3 United Nations, Instability in Erport Markets oi nder.
Developed Countries (sales number: 1952.11.A.1).

* Computed in United States dollars at official rates of exchange.

direction, mutually reinforcing rather than compensa-
tory, was somewhat more marked among the metals
than among the agricultural commodities, indicating
that, in general. mining activity is likely to respond
more rapidly to a change in the price of the product
than is agricultural activity. In both groups, however,
instability of output contributed more to the fluctuations
in_export proceeds than did instability of price, the
differences being rather greater among the metals, es.
pecially among the minor metals. Only in the case of
copper from Peru and tin from Bolivia was price in-
stability greater than volume instability. Average varia.
tion in price was much the same for the major non-
ferrous metals — copper, lead, tin and zinc — as for the
agricultural commodities. The other metals and ores,
particularly bauxite, chromite and nickel, showed much
less varistion in price, so that average price fluctuation
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of Certain Non-Ferrous Ores and Metals, 1928 to 1950

preceding year

191 142 1943 1944 1945 1946 19 1948
o+ o+ 9w o+ o+ ¢
Y + -+ 20 20 18 + +
v+ 4+ 27 + + +
oo+ 4+ s+ o+ o+ ¢
T T -+ 4
o+ o+ + 5 17 + +
+ o+ o+ 4+ + + +
17 4 1 - 1 16 + 12
35 100 + + 74 + + 14
2 4+ + 15+ + + 3
s 000%  +  + o+ o+ o+ o+
+ % e o+ 4+ 4+ o+ o+
+ o+ o+ + o+ 8+ 4+
+ 6  + " 3+ 4+
1 80 + 63 68 + + +
+ o+ o+ + 4 B o+ o+
+ O+ o+ o+ o+ % oo+
+ + 17 3 33 18 8 +
19 14 + + 19 29 12 +
+ 22 23 + + 29 17 6
+ 4 17 25 41 + -
12 36 20 + 27 17 18 26
+ 4+ + 4+ 3 @ 4 6
7 81 - 2 4 78 + +
+ + 27 64 15 9 + +

SR ﬁtulmb" of Average magnitude
1965~ 1930 S vears" ot maaberof
1 13 Y 30 3
+ 8 4 22 4
21 + 7 29 3
2 7 8 29 4
+ + 9 20 2
+ + 6 49 5
+ + 5 a3 2
3 12 10 19 3
+ + 8 40 7
10 + 8 26 3
+ + 4 4 4
+ + 10 30 4
+ 7 8 15 1
+ + 9 2 %
+ + 12 20 4
13 + 7 42 5
66 3 9 29 3
8 + 1 3l 5

b A plus sign indicates an increase; s dash indicates no change.

was somewhat less for all ten non.ferrous metals than
for the group of agricultural raw materials.

In general, sudden and frequent variations in the
volume of ore produced, in the cost of producing it
and in the amount of foreign currency realized when it
is sold abroad all tend to retard and make more difficuit
and more erratic the process of economic development
based on the mineral industry. Fluctuations in produc-
tion, cost and revenue directly affect the volume of em-
ployment and the reliability of the four income streams
which determine development potential, thus disrupting
the various dependent functions. Some of the implica-
tions of this are analysed in succeeding sections of the
present chapter.

Fluctuations of this nature aiso influence mining policy
iteelf. Ths initial technical plan for exploiting a given
deposit of ore is based on certain assumptions regarding

¢ More than the arithmetic average fluctustion of 27 per cenl.

the future course of the relevant economic: and fiscal
variables, both in the producing and in the consumning
countries, Subsequent mining development takes into
account the relative movements of these variables, and.
for any individual mine, if not always for the larger
integrated non-ferrous metal systems, the average grade
of ore extracted at any particular time tends to he the
one, technical factors permitting, that wonuld maximize
net profit (after tax).® Consequently, rapid changes in
cast-price relations, whether caused by market fluctua-
tions or by fiscal changes, are very disruptive of exploi-
tation plaus, complicating considerably the problem of
making the most of a given ore body.

3 The sendency for the inlegrated systems to aim at the maxi-
mization of profit for the organizalion as a whole rather than for
anv consliluenl mine is examined in a laler section of this chapter
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DEVELOPMENTAIL EFFECTS OF THE MINING AND SMELTING INDUSTRY

Table 32. Average Fluctuations in Volume, Pricc and Proceeds® of Exports of Certain
Non-Ferrous Ores and Metals from Seleeted Under-Developed Countrics, 1928-30

Cummaodity and country

Year-to-sear fluctuations as
per cent of higher vilus®

intimony :
Bolivia ... e e
B3 T

Bauxite:
Guiana, British............ ...................
Surinam ..., i eer ittt aaeaes

Capper:
Belgian Congo..........cooiiiiitiiniivennnenss
Chile ... e e, .

Lead:
Algeria .....c.oiviiiiiiin, eeen Ceteireeee
Mexico ..o, Ceeeeseriienents
Maroceo, French.................. Ceerees verees
Toenisia .................

Tin:
Belgian Congo.................... Seriiiieinae,
Bolivia ... i

Brazil .. ... ... e .

Nickel :
New Caledonis .............. Cecieeneretenncnns
Tungsten:

.
Bolivia .................c.i0iii..
Bama ........................ Cetieireerens .

Simple arithmetic average
of above case studies...........................

Weighted aritlinetic average
of sbove case studies®. ....................... oes
Simple arithmetic average for 18 primary
commoilities and 46 case studies®. .. .............

¥ ot Prics I'roceeds

214 279
21.2 29.2
213 138 28.6
290 284
220 23.3
255 6.1 259
13.7 224
15.3 235
4.3 219
127 185
147 13.1 228
"9 50.1
i6.3 219
375 42.2
206 270
205 42 26.0
235 2S5
138 198
337 406
%9 138 322
17.) 236
313 77
19.5 12.1 26.0
29.8 nhoe
229 244
26.4 5.7 28.2
30.7 34.1
ns 236
244 7.5 26.2
2.7 29 235
%9 ’ 5.2
1 2.0
23 305
274 109 212
29 99 21
199 1L6 s8
20.4 141 25.1

Source: United Nations, Instability in Export
Markets of Under-Developed Countries (sales
number: 1952.11.A.1),

¢ Computed in United States dollars at official
rates of exchange,

® Downward fluctuations have been measured in
the comventional manner as percentages of the
starting value, but upwarld fluctuations have heen
measured as percentages not of the lower starting
value Dut of the higher value whicli followed. This
gives figures sumewhat lower than would Le the

case with conventional measurement. The reason
for adopting this methed of caleulation is ex.
plained in Instability in Export Markets of Under-
Developed Countries, appendix B.

“Metals weighted according to value of quan
tities consumed in the United States, 1928.50.

1 The commndities and cases ate those analvsed
in Instabidity in Export Viarkets of { nder-leqol-
oped Countrics, but for purposes of comparjson,
the average fluctuations have been computed for
the period 1928 10 1950.
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In the course of mining operations, at least when these
are conducted on a selective basis, once a pocket of
low-grade ore is by-passed as uneconomic under existing
conditions, it is unlikely that technically favourable cir-
cumstances will ever recur for its later extraction. Am.-
thing which makes for the abandonment of ore in this
way tends to shorten the effective life of the mine. When
the Leadville mines of Colorado were closed down in
1933 because of the low price of lead, the area became
inundated and ten years’ work plus the expenditure of
large sums of money had not succeeded in getting the
mines back into production by 1951.

The course followed by an autonomous mine reacting
to a decline in metal price will depend on such consid-
erations as expectations concerning the future trend
in prices, the relation between its cost schedule and the
current market price of its product, the ratio of variable
to fixed costs and the extent to which it is technically
feasible to reduce activities without unduly prejudicing
future production. A temporary recession in prices may
not affect mining policy greatly, whereas, if price re.
mains below cost for any length of time, mining policy
is likely to be adjusted and every effort made to mini-
mize losses.

In general, a high-cost mine is likely to be affected by
a price decline more seriously than a low-cost mine, and
if the price recession continues, adjustments of total
supply tend to be made by the elimination of marginal
mines (in the absence of any cartel arrangement for
proportionate reduction of output). As long as variable
cost is being covered, a highly capitalized mine,* though
postponing new development, may tend to continue pro-
ducing from at least some of its working faces, perhaps
putting the rest on a care and maintenance basis to pre-
serve timbering, prevent flooding and protect fixtures.

Small workings, especially surface workings, such as
the tungsten mines of Argentina, Bolivia or Southern
Rhodesia® or the antimony mines of China, might be
closed down with relatively less loss to their operators
than in the case of larger mines, which may be pre.
vented by both technical and financial considerations
from suddenly contracting. Where selective mining is
practised by the larger mine, however, a temporary solu-
tion may be sought by raising the average grade of ore
extracted, leaving untouched ore which under the new
conditions of price anc cost has ceased to be payable.

The effect of the 1930 to 1932 depression on the larger
Bolivian tin mines, for example, was to concentrate pro-
duction on the richer and more accessible lodes, prob-
ably to the detriment of long-range mining policy.® As
flexibility of wage bill adds to the relative advantage
that smaller mines with lower fixed costs tend to have
in the face of a decline in metal price, this may have

4In 1his coniexi, capiialization is no1 merely & maiter of the
amount of capital employed; it depends also upon 1he capital
siructure, rigidity being increased by debeniures and nther fixel
interest.-bearing debn.

8 A tvpical smal] scheelite property might operate with linle
more in the way of fixed capital than a “jaw breske:". a light
three-siamp mill or mineral jig and a james 1able.

8 See K. Knorr, Tin under (?o:uml (Stanford University, 1945).

been one of the conditions that enabled the small Bolivian
tin mines, which had lost ground between 1920 and 1020,
to maintain production better than the larger mines
between 1931 and 1935,

In Chile. however, the depression reduced untput
among the small copper mines alnost as much as among
the large mines.” lHere, as in some of the other latin
American countries, small mines with their relatively
higher wage bill have been favoured from time to time
by currency devaluation or flexible exchange rates which
have reduced their unit costs (pavable to local factors
of production) in relation to the foreign currency equiva
lent payable by the larger mines for the acqnisition,
maintenance, and amortization of imported capital equip-
ment. In Malaya, on the other hand, the larger tin mines,
many of which had installed costly dredging units during
the nineteen twenties, endeavoured to keep down aver-
age costs and to take advantage of the new capital
expenditure by maintaining a fairly high level of pro-
duction during the following decade. This raised appre-
ciably their share of total output, and the mnain burden
of the decrease in production during the depression fell
on the smaller units using gravel pumps and other
hydraulic methods of mining.

Conversely. in times of rapidly rising metal prices,
it has usually been the small mines which have been
firat on the market with marginal increases in ore sup-
ply. The larger mine, unless it is an opencast working.
is likely to need a much longer time to speed up its
development programine, open up new faces aud prepare
for the extraction of larger tonnages. Ouce the NECESSRTY
new investment has been made, however, the contribu-
tion to increased output coming from the larger mines
is likely to be very much greater than from the small
workings. even thongh the latter may be more numerous.

The contrast between large mines and small workings
has been accentusted in recent vears by the evolution
of mass mining, described in the previous chapter. In
the case of the major non-ferrous metals, mass mining,
associated with a larpe and contimous low of unselected
ore. continuous flotation. beneficiation and reverberatory
furnace and converter smelting, has made it profitable
to work suitable bodies of are of very low tenor, thus
making it possible. for example, for ores containing
less than one per cent copper to be snecessfully exploited
in the United States in the face of compet tion from 3
per cent ores in Chile and Northern Rhodesia.* Although
the suitahility of a deposit for mass or non-selective
mining mav he extremely important in holding down

Tln Chile. peihaps 1he clearest demondration of the stimegs
mnpartance of flexibifity in coste s farnished Ly the niteate ndue
tev, in which, in the veanc following the devaluation of the s I
1932, 1the mines nsing the <imple Shanks procecs gained appre
ciably over thoee using the more high!s capitatized Guggenliem
jrrocees,

BOne effect of this development has been & consideralde
erease in libaur prodiuctivity, For exang' between the end ol
the First World War and the begi uing of the Second, the expan.
st of apen v mining o the weet, romboed with improvements
in beneficiaten techniques, resalted in g doabling of the proda
tivitn of labour in e States capper mines Gmeasuted in tongs
of metal outpul per man.davy.
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costs, the fact remains that, even with this type of
mining, the lower the grade of ore the nearer the mine
is likely to be to the margin of pavability, the less
flexibility: mining policy will have and, from the point
of view of the nnder-developed resource country. the
lower its development potential will be.

Where mass mining is practised, the fact that it tends
to be much less sensitive to price changes than selective
mining may be an advantage to the resource country at
one time and a handicap at another. On the one hand,
operations are not unduly affected by a short recession: it
is only by continuous capacity or near-capacity through-
put that mass mining can successfully offset the poverty
of the ore with which it is commonly emploved. On the
other hand, flexibility of production policy is sometimes
an advantage, and in this respect a raising of ore grade
or a reduction of output and average cost are much more
easily effected when mining is selective. Thus, among
underground mines during a long period of low prices,
such as in the early nineteen thirties, caving and shrink-
ing and other technijjues associated with mass mining
lost considerable ground in relation to selective mining.
especiallv in the United States. Where muss mining can
he carried on by open cut methods. however. as it has
been at Chuquicamata in Chile and in many of the
western ['nited States workings, te::porary reduction or
cessation of production is effected more easily and with
smaller losses and less chance of permanent damage
than in the case of underground mining, whether by
mass or selective methods. In this connexion it is of
interest to note that the Nchanga mine in Northern
Rhodesia has recently increased the flexibility of its
extraction policy by working two ore hodies simultane-
ously: a high-grade deposit (with an estimated reserve
of 37 million tons of ore containing an average of 7 per
cent copper) by traditional underground methods and
a larger and lower-grade deposit by opencast methods.

While it is true that the large and highly capitalized
mine as an autonomous unit is less likely than the
smaller minc to change its rate of extraction in iesponse
to short-term changes in market conditions. it should
also be borne in mind that the former is usually in a
stronger hargaining position and hence more likely to
be willing to forgo some of its independence by enter-
ing into production and price agreements with other
mines. Cartel historv, reviewed briefly in chapter 3, in-
dicates that when crganized adjustments to market con-
ditions have becn made it has been the larger mines
whose production policy has been affected most. In the
face of adverse markct conditions. small independent
mines have been known to maintain or even expand
production nnder the unintended protection of <ome
restrictive agreemnent which imposed the main burden
of entting back outpnt upon the large member units.
This presupposes smelting and refining by the inde-
pendent mine itself or alternatively, and more frequently,
the willingness of certain smelters and refineries to treat
its ore on toll. The small mine can get no more than
the market price for its ontput, but this price, however
low. is presumably higher than it would have heen kad

the larger mines not acted in concert to curtail produc-
tion in the face of reduced demand.

Adjustments are more complicated in mines in which
the ores yield more than one metal. At one time, for
example, lead output in Mexico was influenced by the
price of silver even more than it is today. Copper output
from the Sndbury deposits in Canada has sometimes
been a function of the price of nickei. Changes in the
relationship of zinc to lead prices have hrought about
changes in exploitation policy at the Broken Hill mine
in Northern Rhodesia, while in the United States the
lead-zinc mines in recent vears have sought to have a
minimum combined price of lead and zinc recognized
as the basis for the application of tariff or snbsidy plans,

When they are neither too large nor too lengthy, pro-
duction adjustments may be made by means of changes
in stocks, especially in mines which vield complex ores.
When the price is low a secondary ore may not be worth
beneficiating and after separation from the main ore it
is left to accumulatc against the day when a rise in
price justifies its treatment. This has happened from
time to time with law-grade zinc ores mined in Peru.
Similarly, at Gravelotte in the Union of South Africa
what was primarily a gold mine before the Second
World War became the world’s largest antimony pro-
ducer in the post-war period: the rise in the price of
antimony in 1950/31 encouraged a considerahle increase
in production, hut when the price declined in 1952/33
vutput of concentrates fell, stocks of ore were allowed
to accumulate and gold again became the more im-
portant product. A similar situation arises in connexion
with certain processing techniques. When a low price
does not warrant complete extraction of the metal, tail-
ings may be accumulated with a metal content high
enough to justify fuither treatment when the price in-
creases. The rise and fall of stocks of this nature in
response to market changes tend to increase the elasticity
of supply. which for most non-ferrous metals is normally
rather low.

The preceding discussion indicates that both inine
production and mining policy need to be kept under
constant review if net returns are to be maximized in
the face of physical uncertainties in respect to the ore
body and economic uncertainties in respect to the 11ar-
ket. In general, the resultant fluctuations tend to disrupt
the flow of trade and income, and create or aggravate
difficulties for the under-developed mineral economies.
Moreover, despite the attraction of occasional specula-
tive profit it is probable that violent fluctuations which
unduly magnify the risks of long-term mining invest-
ment tend — by putting a premium on predatory tech-
niques of mining aimed at “picking the eyes” of the
deposit in question —to 1iscourage such investment and
hence to make the effective and beneficial exploitation
of the country’s mineral resources slower, more difficult
and more costly,

Nevertheless, just as the physical uncertainties of
mining mav be lessened by the accumulation of more
accurate and detailed geological knowledge and by im-
provements in the techniques of ore extraciion and
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heneficiation, so may it not be impossible for the eco-
nomic uncertainties of the minerals industry to he re.
duced. The major cause of fluctuations in the demani
for non-ferrous metals would be removed if large varia-
tions in the rate of investment in the industrial countries
were smoothed out. Where the forces which make for
sudden and drastic changes in the demand for mctals
in the industrial countries cannot be entirely eliminated,
then at least it may be feasible to reduce their disrup-
tive effects, perhaps by the negotiation of price. and
trade-stabilizing agreements between producing and con-
suming interests. It is of interest to note that this poirt
of view was expressed in the report of the President's
Materials Policy Commission (the Paley Commission)
in the United States in 1951 which, in acknowledging
the harmful effects of violent fluctuations of price and
output, while deprecating both the national schemies for
protecting domestic producers and the international
schemes for restricting output which were so prominent
during the inter-war period, concluded that greater
stability should be sought through multilateral contracts
or through international buffer stocks, reinforced if
necessary by limited quota arrangements. Both the mul-
tilateral contract and the international buffer stock
would probably have to be provided with an element
of flexibility by being organized to operate within a
price range to be determined from time to time hy
agreement hetween the principal producing and consum-
ing countries. The Commission suggested that produc-
tion quotas would probably not be required for metals
— such as aluminium or copper —the demand for which
has shown a dcfinitely rising secular trend, but might
be necessary {or a metal such as tin whose future con-
sumption trend is much less certain. As indicated in

chapter 3, the Iaternational Tin \greement it was
signed in July 1951 conforms fairh closely to the pat-
tern =nggested in the Paley report, even thongh the
United States — the largest consnmer — was ot a party
to it.?

WAGE PAYMENTS AND EMPLOY MENT

In some ways the most inportant strea of jncome
generated by the non-ferrons metal and ore expurt in-
dustry is that which passes to local fabonr. The propor-
tion of the realized valne of the produet that acernes
to the workers employed varies considerably from mine
to mine, depending, in particnlar. npon the natnre of
the deposit. the techniques used in its exploitation and
the prevailing wage rates. Where traditional techniques
of underground mining are practised on a fairh large
scale. for example, wages may absorh hetween one-fonrth
and one-third of the total revenue derived from the sale
of minerals. On properties ou which openenst  mass
mining is practised, the proportion is likelv ta be ap-
preciably lower, whercas for smaller mines. where the
ratio of labour to capital is much higher. wige pavmens
are likely to account for a much greater proportion of
total revenue.

The difference may be illustrated I comparing the
average ratios of the wage bill to the value of wineral
output in Northern Rhodesia and Sonthern Rhilisia
(table 33). In recent vears the relative imporbance of
wage pavments has been almost twice as great in Sonth.
ern Rhodesia, where between 30 and oiw) comparatively
small mines — gold and non-metallic as well as wou-
ferrous — have been operating, as in Northern Rlndesia,
where the industry is dominated by a small unmber of
large non-ferrous mines.

Table 33. Value of Mineral Output and Wage Bill of all Mines in Northern and
Southern Rhodesia, 1949 to 1954

(Millions of Rhodesian pounds)

Ratio of wage

Value of Total mine Lill 10 sutput
mineral outpul wage bill® (per vempd

Northern Southern Northern Southern Northren Somthern
Year RAodesie Rhodesie Rhodesia Rhodesia Rhadrisa Riovdrna
1949 ........ N 35.6 113 7.6 36 2t 12
1950 ............ . 493 13.6 89 15 18 13
1951 ....... cevees 72.2 15.1 12.0 52 17 as
1952 ........... .. 789 17.8 13.5 6.3 17 K
1953 ............. 95.0 19.5 16.6 6.4 I8 33
1954 ............ 975 18.8 19.1 6.3 2 35

Source: Federation of Rhodesia and Nvasaland.
Montkly Digest of Statistics (Salishury). April
1955, pages iv and xiv.

In general, the higher the wage rate and the greater
the total wage pavment to mining employees, the more
favourable is the effect on local levels of living likely
to be. From the point of view of resource utilization,
the limit to the amount paid to workers is set in the
last analysis by the fact that every increase in the wage
bill is reflected to a greater or lesser extent in higher

* Pantly estimated; including pasment i kind

® Provisional.

working costs, and is therefore Likelv altimately 1o
strengthen the forces which tend to rednce the ineen-
tive for extracting the less accessible an | poorer prade
ores and hence to shorten the life of the wine. Althongh

® Reme of the problems referred v tas oo g e
cussed in preater detadl i Uited Natene, € orcmon oty frade unit
Ecoromic Development (sales aumber - 19531 B 1
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high loeal wage pavaients mav be an important economice
stimnlus to the area in guestion, it has to he horne in
mind that. in the long run, the development potential
of a mine depends also an the estent to which the entire
ore body s effeetivels esploited.

Apart from the payment of wages and the direct bene-
fits flowing from this generation and distribution of
income, one of the wavs in which a mine may realize
part of its development potential lies in the broader
effects of the employment it provides. In many under-
developed comntries, for exemple, the opening of a mine
Ias been the means of introdueing division of labour
and the process of commereialization into arcas in which
ceonamnie organization had been largely of a subsistence
nature, The resnltant gain in prodnctivity and produe-
tion has been greatest in those countries in which rural
under-emploviment had previously been most prevalent,
and least in those places where the competitive pull of
the mines has tended to disrupt an established agricul-
tural economy throngh which at least internal demand
had previonsly been satisfactorily met.

Fven where the economy is organized largely on a
subsistence basis and is characterized by a fairly high
degree of nnder-employment, however, the diversion of
workers to the mines at too rapid a rate or on too large
a scale may have harmful social and economie effects
on the conntry as a whole, At one stage, one of the diffi-
cnlties in the Belgian Congo, for example, was the
serions discquilibrium caused by the rapid development
of mining and .uncillary enterprise which depleted the
rural popnlation in several parts of the country and
began to threaten not only the advance of agriculture
but cven basic food supplies. Where the mine emplovs
migrant labonr on short-term econtracts other difficulties
may arise: the edncative effects of employment tend to he
rednced and the traditional social order may be disrupted
without necessarilv being made more productive.

Nevertheless. the fact rema’ns that in most of the
under-developed  areas, mining employment is usually
more productive than most other forms of ocenpation,
especiallv. when metal prices are high and espeeially in
countries in which there i= a large population in the
snbsistence sector of the economy. In recent vears, in
Latin America. for example. employment in mining has
aceonnted for less than one per cent of the total working
population, althongh in 1950 it wa< responsible for
about 1 per cent of the combined gross national product.
Measnred in these terms. prodnetivity in mining was
hetween two and three times as great as that in transport
and public utilities, or in manufacturing and building,
or in commerce and other services and about eleven
times as great as the average productivity of agricnl-
tural labonr,'?

In most of the less developed countries, mine workers,
as a resalt of their Weher prodietivity, tend to receive
higher average monev wages than workers in occupa-

r r £

- -

1 nined Notions, Feonomie Surpeey of Latin America, 145157
(sales umber: 19534011030, chapler 1

tions requiring comparable skill and effori. In the case
of the large mines, morenver, money wages have been
snpplemented to an increasing degree with varions types
of services - medical and hospital attention, schooling.
sports and recreation, and so on — which have tended
to raise real levels of living cven further above those
of other gronps of workers and have extended the educa-
tive effects of mine employment. At aome mines, an in-
crease of real income is achieved by means of the opern-
tion of stores, which make goods available to emplovees
at prices lower than those customarily ¢harged in the area.

On the other hand, in many instances mining is still
an arduous and unpleasant occupaticn, while in other
cases it involves attracting workers to remote, and soine-
times uncongenial, districts where amenities are few
and alternative emplovinent non-existent, at least in the
early years of the mine's operation. The opening up of
a region that mav later prove to be of crucial mmpor-
tance i1 the economie development of the country may
thus entail unfavourable conditions of employment, at
least in the initial phase. Such disadvantages usually
have to be offset hy higher cash wages. This was the
case in central Africa, for example. in the early vears
of the Katanga and Northern Rhodesia copper mines.
and to a less extent in Bolivia during the opening up of
the very high and very dry tin-hearing area.

In Chile, where the early colonial eopper. silver and
gold mines had been manned largely by forced labour,
it was the nitrate mines that. in the second half of the
nineteenth century, provided the country with its first
field of large-scale wage employment, thus furnishing
workers who had previously been engaged in agriculture
with their first training in industriel activity, Later, in
the second derade of the twentieth century, the new
copper mines benefited by heing able to draw to a cer-
tain extent on this labour, thongh a nucleus of specially
trained technicians and specialists had to be brought in
from abroad by the responsible United States companies.

Skilled workers have also come from foreign countries
to Northern Rhodesia and the Belgian Congo. where the
greater number of mine labonrers are from the indigenous
subsistence society, not only within the territories in
question but also from as far afield as Nyasaland and
to a lesser extent Tanganvika and Angola. In Malava,
too, many of the foreign-owned tin mining companies
have drawn the top stratum of workers from abroad,
chieflv from Furope. In the past. the rest of the labour
force has also been transient, consisting for the most
part of inmigramts from India and China. some under
indentwre for limited periods of service. The larger
mines in Bolivia, until nationalization in 1952, were
also under the technical direction of foreign specialists.
The rest of Bolivian mine labour is entirely indigenous,
but thronghomt the history of mining in that country
such labonr has heen diffiendt to obtain. The silver mines
used foreed labour nntil well into the eighteenth eentury.
while the tin mines, situated, as indicated above, in an
mpleasantl: high and arid part of the country. have
always found it hard to attract and retain workers. The
expansion during the first decade ot the twentieth cen-
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tury, that bronght the tin mining labonr foree up to
alout 15,000 by 1910, was achieved largely by means
of a substantial increase in real wages, which con-
tributed. incidentally. to the difficulties of the silver
mines, several of which. being unable to compete suc-
cessfully for workers, were forced to elnse.

In general, the mine that employs and trains local
labour is realizing a higher development potential than
one that emplovs foreign transients, especially when
mining activity is appreciably more productive than that
in which the indigenous workers had previously heen
engaged. As suggested above, the effect is most marked
when the previous status was one of rural under-
employment, as it often is in under-developed semi-
subsistence economies. The gain is reflected not only in
the enlarged flow of internal incomes but also in the
higher capaeity and skill, not least in the managerial
field. acquired by the workers: the former tends to ex-
pand the domestic market for consumer goods and add
to the country’s potential source of savings, while the
latter prepares workers for more diverse and more pro-
ductive employment. thus facilitating the process of
industrialization.

Development of the mining industry itself helps to
extend the range of employment, as the proportion of
workers employed in the process of ore extraction de-
clines and the proportion emploved in associated metal-
lurgical operations increases. In Chile. for example,
though the total number of workers in the large copper
mines was the same in 1937 as in 1913 (rather more
than 18.000) the proportion engaged in extraction and
transport had fallen from 77 per cent to 44 per cent,
while the proportion engaged in processing showed a
correeponding inerease.

In so far as an under-developed area is characterized
by an abundance of labour in relation to available capital
— and in consequence by a considerable degree of under-
employment or disguised nnemployment — the eapacity
of a mine to ahsorb labour is an important measnre
of its development potential. In this connexion it should
be noted that mass mining. despite its economic advan-
tages in the way of lower costs and lower pay limits,
mav. because of its higher degree of mechanization, its
greater dependence on imported equipment and its rela-
tively low labour requirements, be less effective in its de-
velopment effects than smaller scale or selective mining.

In Malaya, for example, mechanization, which started
with a steam enginc and centrifugal pump in 1877 and
increased rapidly after 1912 when the first dredge was
introduced, has been the main reason for the decline
in employment as well as the displaceruent of small
miners (usually Chinese). whose contribution to gross
mine output declined from more than three-fourths in
1910 to about one-third in 1950. Total employment in
tin mining, which was 79,000 in 1931, had dropped to
16.000 in 1950, a decline of 42 per cent — compared
with a decline in output of only 11 per cent — from
almost 4 per cent to less than 2 per cent of the country’s
working population.

to1
Similarly, in Chile the mechanization of mning proe-
esses brought to an end the expansion of mining em-
ployment, the peak tfor all mmning) of 85,000 having
been attained in 1013, In the copper nnnes, the pro-
ductivity of extraction workers has inercased steadily
since the inanguration of mass mining dnring (he First
World War: in the large mines it rose from not el
more than 11 tons of copper per man-veae in 1925 to
about 33 tons in 1951,

In Northern Rhodesia, where selective undergronnd
mining is practised, emplovment has contimred to rise
since the end of the initial development phase in the
mid-19300s: i 1939 it stood at 29.000 persons, in 1940,
35.000, and in 1953, 32,000, Over-all productivity, which
fell appreciably during the war, has visen steadily since
then. although it was not nutil 1952 that it exceeded the
1939 level of 7.3 tons of copper per man-vear,

In Bolivia, the mechanization which aceompanied the
inflow of foreign capital after 1910 also tended to in-
crease average productivity, and until 1929 the labonr
force increased more slowly than omput. Fmployvment
in the larger mines reached a peak of nearly 61000 i
1943, only 1o decline to about 39,000 in 1950. During
the period 1929 to 1930 a deterioration in average ore
grade — from 3.94 per cent to 2,18 per cent  tended
to reduce the ontput of netal per nuit of labour.

In Malaya, the productivity of mining fabonr has in-
creased fivefold in the course of 10 yvears: in 1907,
230.000 workers produced 18000 (ons of tin: in 1950,
16,000 produced 35000 tons. The principal inercase
occurred in the late nineteen twenties when the high
price of tin induced considerable new investment: the
nuinber of operating dredges, for example, rose from
20 in 1920, to 40 in 1925 and 10 105, an alltime peak.
in 1929,

Thongh mining wages have generally been above the
national average wage in most under-developed coun-
tries, both the volume of employment and the wage hill
have tended to reflect the instability of the market. In
most cases, however, fluctuations in employment and
wages have been smaller than those in demand for the
metal and in mine output.

In Chile there were substantial declines in copper
mine employment after 1913, hetween 1918 and 1922
and again after the 1929 hoom, thaugh copper miners
fared much better than the nitrate miners, who were
concentrated in the northern seet 1 of the conntry where
little alternative employment was available.

In Malaya, the practice of nsmg immgrant labonr
for tin mining tended to shelier the domestic economy
from some of the effects of recessions in the demand for
tin, workers not needed heing vepatriated 1o ludia or
China. During periods of inereasing demand. howeyver,
competition of the rubber industry, which was a mneh
larger emplover also relving heavilh  on nunaigrant
labour, wsually tended to force wp wages in the tin
industry 1o a somewhat greater extent than in other
fields of employruent. After the price rice e 1952
miners’ wages were linked to the price of tin. by means
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of a bonus based on a standard price equivalent to
£1,078 per ton. The initial scheme was terminated in
1953, by which time the price had fallen to an average
of £388 per ton, but it was replaced by arrangements for
a temporavy allowance also linked to the tin price.
Thiough therc was no decline in output, average receipts
for tin were 24 per cent lower in 1953 than in 1952,
The dredging companies maintained the honus in 1953;
nevertheless, there was a 9 per cent decline in average
gross cash wages and a similar decline in the number
of workers. In the smaller Chinese-owned mines basic
wages of daily paid workers declined by about 11 per
cent while the cash bonus declined by almost 57 per cent,
the comhined effect being a drop of 25 per cent in gross
cash earnings. Since this was accompanied hy a 25 per
cent decline in employment, there would seem to be a
danger that although such wage-price links may suit
the workers when the metal price is high and employers
when thc market is stack, destabilization of wage rates
~— ostensibly in order to help stabilize employment —
may tend to increase the instability of the wage hill and
of the money flow in the mining areas.

In Northern Rhodesia. where the copper mines were
still heing opened up when depression hit the industry
in 1030, there was a considerable reduction in wage
employment at the conclusion of the construction phase
in the Copper Belt: mining employment fclt from 19,000
in 1930 to 8,000 in 1932 and associated building em-
ployment irom 30,000 to 7.000. The fluctuation in
employment and investment was in large measure merely
the result of the sudden launching of a great capital ven-
ture in the middle of an almost entirely subsistence
economy, although the rapid decline in the price of
copper — from a maximum of 21.25 cents per pound on
the New York market in 1929 to a minimum of 4.75
in 1933 — deepened the effects. During the investment
hoom, workers had heen recruited from the local sub.
sistence economy as well as from abroad, and when it was
over a sizable proportion of them returned home withont
undnc disruption of the societies of which they were
siill part. The principal decline in employment was among
African workers, most of whom at that stage were still
capable of heing reabsorbed into the trihal subsistence
society from which they had not vet been completely
separated.

In the Belgian Congo the effect of the depression
was rather more severe, the mines having heen in opera-
tion much !onger and the working population being
therefore much less mobile. As it was, the !wo-thirds
reduction that took place in the labour force of the
copper mines of the Union mini¢cre du Haut Katanga
between 1929 and 193] caused a considerahle amount of

local hardship, if only temporarily.

The mines in Northern Rhodesia (and much more so
in the Belgian Congo) have since then encouraged and
catcred for an increasing proportion of permanent
workers: consequently, if anothe: major recession should
occur its cffect would probably be much more serious.
The extension of the exchange economy, especially in

the Congo. is tending in sny case to remove the cushion
of tribal society which he:etofore has served the purpose
of a reserve pool in the flow of African lahour in and out
of wage service. Similarly, in Malaya the policy of im-
porting labour for specitic purposes end periods has
been abaundoned, so that in future the full impact of
fluctuations in employment will have to be borne by the
country itself.

Though, proportionately, fluctuations in employment
have generally been less violent than those in mineral
output or foreign exchange earnings,'! they may well
prove to be more intractable in the future. For not only
has a body of more or less specialized mine workers been
assembled in most of the mineral economies, but the
trend of social legislation and trade union organization
has been such that both employment and wage bill have
become much less flexible thun they were in the inter-war
period. Sudden reductions in working force or wages
are less acceptable and less likely, even though there
have been attenpts to tie wage rates more firmly to metal
prices. The relative growth of the larger mining com-
panies may also have contributed to an ircrease in the
stability of einployment.

In Bolivia, for example, the decline in metal exports
in 1949 and 1950 was not accompanied by a decline in
aggregate wage payments; on the contrary, the ratio
of wage bill to metal export proceeds, which had stood
at less than 13 per cent in 1940, rose from 18 per cent
in 1948 to 23 per cent in 1950. In Mexico, the protective
influence of the law has extended so far as to prescribe
substantial bonus payments to workers who lose their
emplovment through the closing down of a mine, irrespec-
tive of the reason. a development that appears to have
discouraged exploitation of new ore deposits, especially
those whose probable life is relatively short.

Apart from the fluctuations in employment and wage
bill that have their genesis in the instability of the
market for non-ferrous metals, there are certain varias-
tions which arise froin technical causes. There is, for
example, in respect of expenditure and manpower require-
ments, a large difference between initial development of
a mine and regular mining operations after it is in pro-
duction. One of the characteristics of large-scale mining
is the amount of preliminary investment that it usually
entails. Several years may elapse between the decision
to exploit a given deposit of ore and the beginning of
continuous production. During this period shafte are
sunk. headgear erected and the ore lode exposed for
extraction; power and water are made available; surface
works are constructed for handling the ore and main-
taining the plant; housing and other amenities are built
for the employees; a transport network is laid out for
conveving materials both within the mine property and

' This is partly because managemeni, particularly at the larger
mines, tends 10 keep logether ar least a basic element of the
labour force even if manv workers have 1o be transferred 10 jobs
that are less immediately productive, There thus tends to be a
decline in average lahour productivity in 1lie mines during a slump
in the mm-ferrous metal market, offsel financially to a certain
extent by a decline in average wage rates,
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outside, for shipment to external markets. All this con-
struction usually involves the employment of a much
larger labour force than is subsequently required to
operate the mine cuce it has atained the production
stage. It also involves the disbursement of wmuch
greater sums of money than are subsequently required
to meet the normal operating costs uf the mine. Unless
the supply of goods and services is in some way grared
to this process, there is a danger that the high level of
expenditure may set in motion inflationary forces in an
under-developed country, especially if it is nanced frons
external funds without provision for additional imports
or a corresponding increase in domestic savings.'* Simi-
larly, the termination of the preliminary investuient phase
may also have a considerable, though opposite, effect
upon the level of employment and income. To yield the
most beneficent results, therefore, the development of a
rew mine should not comnience with a high rate of
expenditure and end abruptly: the longer it ran be spread
out, the greater the chance of organizing alternative
investment and hence the less disruptive it is likely to
prove t> the economy in general.

PURCHASES AND INVESTMENT

Another stream of income generated by the mine is
the one which flows to the agencies that provide the
multiplicity of goods and services nsed in the course of
actual mining and smelting operations, The demand fur
these things which is generated by the mine constitutes
one of its principal potential development effects. It has
often been the means of bringing into being facilities
whose usefulness extends far beyond their immediate
service to the mine. Two of these facilities — transport
and power — are themselves important means of further
develupment in fields other than mining and deserve
separate discussion.

Transport

Location of an ore body determines the puint of
mining operations much more precisely than the site of
agricultural or manufacturing activities is usually deter-
mined. To exploit the ore, the other factors of production
have to move to the deposit. and after extraction the ure
or metal has to be moved to market. Only if the costs
involved in this multiple movement are fully covered
by the price of the product is the deposit of immediate
economic importance.!* Hence, one of the main charac-

13 Investment mauy he just an inflslionary  when inlernally
finenced if nol matched hy savinzs and would be more so if it
involved diverting foreign exchange resources from the imporia
tion of consumer goods 10 the impuriation of plam and rquipmen)
for the mine. In general, a large fraction of IEC iniligl invesimeal
in opening up a mine in an under-developed couniry is paid oul
in wages and in the purchuse of land and supplies from local
sources, and this often eniails the injection of new purchasing
power into sectors previously only on the fringe of the full marke
economy.

I8 Unless, indeed, the mine is to be organized as parl of & de.
velopment scheme covering several projects using common facili.
tles and measurable — in respect of cost of developmeni effects
only as & unit.

teristics of the mining industry is its dependence ngr
transport,

In the 50 years preceding the First Workd War, this
fact maile the desire to exploit mineral deposits one of the
principal detcrniinants of 1ailway location in the wider-
developed and developing areas, where it also stinzulated
investiment in harbours and port facilities. Later minrral
development has called for road transport as well as rail
transport, but in cases where very lurge tommages of
relatively low value ore have been imolvedl, tailways
are still indispensable. Thus, in the nineteen thirtivs the
Copper Belt of Northern Rhodesia was opened ap with
the aid of an extension to a main railway bine, which
itself had been built in the lirst decade of the centiny
to provide a coastal liuk for the Katanga copper mines
of the Belgian Congo. The Benguela railway. hnking
Katanga with the west coast at Lobito Bay i Augola, was
also built to provide access to the copper mines, At
present, the Rhodesian railway system is being extended
from Bannockburn 10 the east coast i provide an ontht
at Lourenco Marques, the single line to Beira having
proved inadequate to cupe with post-war trathe. which
has included large shipments of copper and clvomite!
as well as the importation of a good deal of ining
equipment. Since the war, a I50-mile narrow pauge
branch line has been constructed in Tangamvika to con-
nect the copper-lead deposits at Mpanda with the main
line to Dar es Salaam on the cast coast. In Brazil, a
134-niile line is under vonstruction tu carry Hanganese
are from Amapa to a shipping pomt on the Amazon
River. In Morocco, on the other hand, most of the gddi-
tional transpart facilities required for the development
of lead mining in the pist-war period have been jaovided
hy roads and mutor vehicles,

The suitability of a given form of transport is a fune-
tion of several variables. 1t depends parth on the distaner
between deposit and market, which in the st instance,
in the vase of most under-developed countrics, means
between deposit and port. and partly «n the topagagdiy
and the actual and potential productivity of the intes-
vening area. It depends also on the tvpe of mining: a
long-term project, whether dep level or opencast. seles-
tive or mass mining, requires much more in the way ol
equipment and sapplies than does the exploitation oi small
pockets of surface ore, and is likely 1o jrovide a larper
and steadier mineral traflic over a period long enongh
to make the amortization of a railway investaient seem
feasible. It depends partly «n the natwe of the ore, the
nietal and the interinediate product<: W particalar, on
their weight-value raticc on the degree to which they
lose weight in processing and on the extent 16 which
the ore can in fact be beneficiated - or <mclted  ad
refined] — at the inine. This last cousideration in turn
depends partly on the availability of fuel, which may also

"4 Expant shipments of chromite from ~cuthern Rhodesia 10
1alled 205000 long vons in 1952 and 498,000 rene i 19573 thee snli
left & backlog of «ome 0000 10as 30 the Selukwe «tockpile
wailing 1o be moved in fulfilmenl of orders. Average 1onnapes

hagied from mines 10 port 0 the prosod 194958 arounted 10
317.000 long tons of chromile and 38,000 lung 10ns of opper




104 DEVELOPMENTAL EFFECTS OF THE MINING AND SMELTING INDUSTRY

be both a function and a determinant of the transport
system,

During the sndden upswing in demand in 1950/51,
non-ferrous metal output was held down in many of
the less developed conntries — Brazil  (manganese),
Mexica tleady, Northern Rhodesia (copper, because of
inadequate coal deliveries), Southern Rhodesia  (chro-
mite!, Turkey (chromite, because of the inadequate
handling facilities at the port of Iskenderun) and the
Union of South Africa (chromite and manganese) among
others — by the inability of the transport systems to
cope with extra haflie. Just as the original exploitation
of the ore olten involved a large concomitant invest-
ment in transport facilities, so expansion of mining output
depends on corresponding development in transport. In
the Gold Coast, for example, the projected aluminium
refinery at the site of the Volta reservoir is part of a
scheme which includes wot only a rail link with the
bauxite deposits at Yenahin but also the building of a
new port at Tema and its connexion by railway to the
refimery and to the existing port of Accra, which is
incapable of further expansion,

This serves to emphasize the fact that in many of the
under-developed countries exploitation of a mineral de-
posit is heavily capital-intensive, especially in the initial
phase, and is likely to entail not only the importation
of all the mining equipinent necessary for the project
itself but also the construction of essential ancillary
works which. since the existing facilities ure usually
insullicient to cope with the new activities, often entails
the importation of additional capital goods. The resultant
strain is not limited to the physical facilities; it falls
also, and sometimes to a greater extent, upon the foreign
exchange resources of the country in question or of the
company which is setting out to exploit the deposit. In
the initial stages of mineral development, therefore, it
has been common practice to have recourse to foreign
borrowing, whether directly by government or private
domestic company or indirectly through the activities
of a foreign concern. Where such borrowing results in a
direet fixed-interest-bearing debt, its servicing will be
a prior charge on the proceeds of subsequent mineral
exports. Some of the implications of this are exanined
later in the present chapter.

As snggested above, a railway or other transport
system is itself a potent instrument of development; for
«ven if designed for the limited purpose of serving the
mines, it serves the indirect purpose of extending the
market econonn and opening np intermediate areas. In
many instances, indeed, the cost of these ancillary invest-
ments is so high that the exploitation of the ore deposit
wonld be uneconomic if the mine alone had to bear the
financial bnrden. Thongh the niine mayv be the prime
canse prompting the building of a railway line, the
investinent is nsuallv  predicated upon the assumption
that the existence of the line will stimulate other develop-
ment and attract other traffic. In most cases such rail-
wavs have i fact been financed either by government

or by some independent concern, often after the mine
has guaranteed a certain minimunt volume of freight.

Thus, although the initial economic impetus has come
from the niine, the transport system becomes a develop-
ment agency in its own right, In Northern Rhodesia, for
example, the so-called “railway belt” has become the
arca in which exchange is practised; it stands in marked
contrast to the rest of the country, which is still organ-
ized very largely on a subsistence basis. In Chile, the
railway line which had originally been built to serve the
nitrate mines later facilitated the working of the copper
deposits. Similarly, in Bolivia, railways built to facilitate
the exploitation first of silver and then of tin deposits,
later provided the cheap transport required for the
exploitation of the much low-r priced ores of zine, lead.
antimony and copper. as well as for a certain amount
oi non-mining development. In Australia. the transport
system built 1o serve the lead-zine mines al Broken Hill
assisted later in the establishment of an iron and steel
industry,

In the Union of South Africa, railway lines built in
the last quarter of the nineteenth century to connect mines
and ports did much to extend the market economy through
the intervening territory. not least by bringing about the
establishinent of towns at successive termini during the
construction period. Subsequently, the use of differential
freight rates — in particular, the transportation of agri-
cultural produce and certain other goods at substantially
lower rates than those charged on mining trafhe — exerted
a considerable influence on the distribution of investment.
It is evident that the development potential of a railway
system built to aid in the opening up of an ore body
depends partly upon rating policy and this mav have
a neutralizing or even a negative or distorting effect upon
general economic development. It is possible, for example,
that the Henguela railway would have been a i.ore
potent development agency in Angola had its rates been
lower. From the Northe: n Rhodesian Copper Belt, as late
as 1951, it was more costly to route certain types of
traffic over this line to the west coast than over the much
longer line to Beira on the east coast.

Similarly, the tariff on the line connecting the Bolivian
tin mines in the Oruro district with the port of Anto-
fagasta (part of which line was built in the eighteen
eighties by the silver mining companies at Uyuni) had
the effect of encouraging traffic on the return journey
from port to mines. This. in conjunction with the very
existence of the port and railway, and the continual
arrival of ships to carry away exports of ore — offering
low freight rates for incoming goods rather than travel
under ballast — helped to jlace imports in a favourable
position in relation to domestic produce and doubtless
tended to hclp perpetuate the importation of foodstuffs
and other bulk 2oods. Later, a railway line to the south.
completed in 1925, connected the Altiplano with the
Argentine transport network, thereby weakening the
Pacific poit monopoly of the Antofagasta Railway, but
at the same time opening the country to agricultural im-
ports from Argentina. No line has vet heen built, however.
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to open up the castern agricultural districts within Bolivia
itself, thongh the recent completion of a ighwav from
Cochabamba to Santa Croz, stavted many vears ago,
has rendered such a line smmewhat iess urgent as a means
of stimulating local food production.

Power and other ancillary investments

Although trausport is pwobably the most important
ancillary service in the exploitation of a mweral deposit
whose location is lived within very narrow limits, it is
by no weans the ouly such service. and the development
potential of the mining industry depends partly on the
extent to which other ancillary investinent is in fact made.

Power is one of the connmonest requirements of the
industry and. as in the case of railway imvestment, mining
demand has often provided the initial stinulus for the
setting up of power facilities capable in due course of
serving other markets, Imvestment in alumicinm pro-
duction in an under-developed country alnost inevitably
hinges on the concurrent provision of lydroelectric
pawer. lu the Gold Coast, Nvasaland, Pevu, Surinam and
Venezuela such projects are mutually dependent, for
without substantial coutinnous demand such as that
created by an alnminium relivery, it is doubtful whether
large-scale power development would he the most eco-
nomic means af meeting the relatively scattered and
erratic requirements of ather users of electricity in the
areas in question. In Malaya, where the effective horse-
power of machinery employed at the tin mines rose from
79,000 in 1924 ta no less than 330,000 in 1940, it was
the mechanization of the wines — especially during the
nineteen twenties — that provided the immediate justifi-
cation for the building by the Government of scveral
hydroelectric stations. In general power station construc-
tion eonstitutes an important investinent furthering the
process of econamic develajpinent.

The provision of water supplies. like that of electric
power, is an essential part of mining operations and it
also involves an investiment whose function may tran-
scend that of catering only for the mine, The recent ex-
pansion of the Chuquicamata mine in Chile, for example,
involved the building of a dain on the Arroyo Salado and
the laying of 45 wmiles of 30-inch pipeline to deliver to
the mine site some 40,000 tuns of water each day.

Other construction undertaken by the mining con-
panies, whether of warkshops or of employee housing.
may also be of a developmental nature. Since in nost
under-developed areas facilities are unlikely to exist
withit 2 reasonable distance of a newly discovered ore
site, a good deal of the viiginal investinent in the opening
up of the mine witl necessarily take the forin of new
buildings for workers’ quarters and for servicing and
processing plant.

Must mines run workshops for the assembly. main-
tenance and repair of materials ard machinery being
used on the property. In under-develcped countries, such
workshops tend to become inore comprehensive than the
would be if outside services vere more readily obtainable.
forming, indeed, along with the workshops attached to

the travsport systenn, the rnarments ot a local wechanie al
aned electrical rngineering industin, This s the case
the Katanga vegion of the Belian Congo. o example:
likewise, Hlnving the war, wlhen oveeses Licilities were
eut ol wine workshops inoseveral of the fess devebiped
coantries were able to adertabe a0 god deal of engi-
neering work not connected with the niies,

I many cases. mimes vnd o praide goods ol
servives for themselves whicl in moie advancal een
nomies wonhld be purchased from anside prodneers.,
This is partly 1o assure supply and 1o avoid dependence
on sources which are feared 1o be fess cllicient ar less
rehiable. But. apant from the imestent programme of
the ine itself, the fact that ol the newlh opencd mine
and its employees constitnte new markets i the coonam
way give rise to a certain anennt of independent innest-
ment in facilities designed 1o serve these i kets, Tndnecd
imveshiment in- mannfacturing industey . indeed. s adien
one of the important develapmental efleets of the g
industry in an under-devetoped vountiv, The extent of
sneh s«‘('nmlar) mveshuent depends in part upon te |-
chasing policy pursued by the wine, and this is disens: od
in the follawing section,

Stores

Mine stores fall into three main categories: (1) vapital
gouds and construction material: 121 expendable ma-
terials used in the conrse of mining: and (3) consimaen
goods for the lahour force,

In the first gronp are such items as plant and na
chinery, winding gear. drills and conjaessors, pone
equipment and dredges, meelumical shavels wnd varioos
tipes of transport and hanlage equipment. as well as
boilers and furnaces and all the specialized apparatas of
smelters and refmervies. A newly “orming numing coneern
in an under-developed conntry nsnally has no alteniative
but to import most of whatever plant and equpaent the
mature of the ore body and the teehnical plan for s
exploitation dictate. In geveral, this naaterial s adininted
into the country duty free or at fairly Tow rates In those
under-developed mineral economies in witich a «teel
industry has been estal lished, however — Chile, Mesien
and the Union of Sonth Africa, for example - a caitinm
amowmt of stenctural material, sneli as shaft headgen
amd rails, as vell as cement, s likely to he obtainahi
from domestic sources, the mines often Leing an am-
portant market for local indnstry.

Local production of this natme is nsuallhy possibile on
a wider seale i respect of the catesvny ol yequiretoeats
labelled expendables, mnong which would Le betts, tives
and other leather and rabler pood<, Lalt- d s
wire rope. chain and other iran and <teel Bt «ul-
phuric acid, llotation reagents aned thier chenneal jorod.
uets, tool handles, explosives, fuel and many other elasses
of gords consumed hy the wmine 0 the comas of s
normal operation. In this fairly speialized tield of min-
ing stores and materials, purchases from estalilished Jocal
industries may he feasible in certain cases. while
others the mine mav even take a divect part in evweonrag
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ing or i actually or amizing the production of items in
regular use. Investment in such industiies may add sub
stantially to the contiibution nou-ferrous mining may
make to the 1esource countiy’s development. The estab-
lishment of an explosives factory. as i Chile, the 1 nion
of South Africa and, more recently, the Belgian Coungo,
has resulted in cach case in an industry whose product is
widely used in the held of civil engincering. The estal-
lishiment of a sulpluric acid plant based on smelter
by-products, as iu the Belgian Congo, Chile and Mexico.
has provided a basic chemical industry serving arcas far
beyond the copper reiimery for which it was originally
intended. Beehive coke ovens installed by the Mexican
lead and zine industry for internal requirements have
provided a surplus which is used in the local iron and
steel industry.

The consumer gouds segment of mining demand in-
cludes food aud special types of clothing, bought directly
by minc workers or by the management for issue to em-
ployees, and in gencral more easily supplied from local
sources than the other categories. By and large, these
goods are the products of the simpler industries with
which the process of economie diversification in under-
developed countries has usually begun. Here, as else-
where in this field, the development potential of the mine
is a funetion of the volume of new production stimulated
by the wining market aud not of the degree to which
previous production is merely diverted to the new mar-
ket. And where for any reason — eheapuess, convenience,
lack of appropriate organization, quality or mere custom
— the mine resorts to imports for supplies of foods and
other eonsumer goods for use by its employees, local
agriculturc and manufacturing are denied the stimulus
of this new market.

A mining community also constitutes a market for a
number of the service unlnstries associated with urban
life in an exchange economyv. There is also demand for
health services, often provided by the mining company
itself, and for schools, usually provided by the govern-
ment. The requirements of a mining community have
often proved an hinportant stimulus to diverse economic
activities and. in the least developed countries, quite new
ones. The precise effect cxerted by such new demands on
the domestic pattern of production, however, depends
greatly on the pnrchasing policy of the nines, and the
trade and fiscal policy of the government,

Mining interests. by and large, have tended to oppose
both the threat of curtailment of their freedom to make
purchascs in the market of their choosing and official
policies thonght likely to canse price increases. To a cer-
tain extent the broad objective of their normal purchas-
ing policy — to minimize operating costs — is sound, not
only in terms of the finaucial results of the mining en-
terprise itself but also from the long-term point of view
of the under-developed country anxious to have its min-
eral resources exploited as efficiently as possible. But as
indicated in the final section of this chapter, the fact
that these re<ources are limited and exhaustible makes
it advisable tor the comitry to work towards the estals-
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lishment during thein lifetime of alternative activities
capable of sustaining employient and inconses tand i
possible foreign exchange carmngsy when the mine has
heen worked out — cven if this involves policies which
might tend to shorten that lifetime.

The Bolivian econoniy. for example. would doubtless
have been stronger at the time of the 1930 to 1933 de-
pression had a higher proportion of mining revenue been
spent within the country on goods produced locally.
As it was. during the first quarter of the twouiieth cen-
tury. the railways which carried the Bolivian ores to-
wards their overseas markets destroyed a large part of
the natural protection which the country’s agriculture.
in particular, had cnjoyed when internal markets had
been less accessible to imports. it was not until the early
nineteen thirties that government policy turned to foster-
ing domestic industry — by exchange control, customs
duties and credit facilities designed to assist the impor-
tation of machincry and raw materials and discourage
the importation of manufactured products. In 1950, em.
ployment in secondary industry totalled about 25.000,
compared with about 45,000 in mining.!> This progress,
limited as it has heen, stands in contrast to the continued
backwardness of agriculture. At one stage the importa-
tion of cheaper food was favoured in order to hold down
the urban cost of living, hut since 1941, when the Banco
Agricola was established, government policy lias tended
to support agriculture in the interests of a better bal-
anced economy. This trend became cspecially marked
after 1945, when an attempt was made by the Corpora-
cién de Fomento to stimulate rural activity by new in-
vestment in such fields as sugar, rice and cotton produc-
tion, as well as in the improvenient of road transport.

In Malaya, nntil recently, comparatively little atten-
tion seems to have been paid to the possibility of meeting
more of the country’s food requirements from domestic
agriculture. Immigrants employed on rubber plantations
or in tin mines were not allowed subsequently to settle
as cultivators, and the country has continued to import
large quantities of food. Post-war development plans.
however, have included proposals for improving and
mechanizing the cultivation of rice.

In Northern Rhodesia, the mines constitute the terri-
tory's principal market for basic foods such as maize
and meat. only a small proportion of which local agricul-
ture has so far been able to supply. The problem is com-
plicated by poor soils, inadequate rainfall and tsetse
infestation in many parts of the country, but investment
in the subsistence sector of the economy — in transport
facilities as well as in inproved farming techniques —
holds promise of increasing both productivity and the
marketable supply of foodstuffs. African producers are
already responsihle for a sizable proportion of the maize
crop sold in the exchange sector as well as the bulk
of the cattle inflow to the abattoir and cold storage at
Livingstone.

18 United Nanone, Report of the U'nited Nations Mission ol
Teehnical Assistance to Bolivia tsales number: 1951.1LB.S). page
24
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The existence of a significant, concentrated domestic
market must certainly be ranked as an advantage to
local agriculture and manufacturing industry, and the
ability to constitute such a market is part of the develop-
ment potential of a nun-ferrous mine. Whether the latter
should be encouraged to support domestic suppliers —
by a customs duty imposed on competing imported goods,
for example — is a question which can be answered unly
case by case. Inasmuch as mining costs are raised in the
process, the general effect would be on the one hand to
reduce the profits and the tax contribution of the mine
and raise the pay limit of the ore, thus shortening its
economic life, and on the other hand to increase manu-
facturers’ incomes (and taxes). Whatever the theoretical
considerations, several of the mineral economies — Chile
(in 1913), Union of South Africa (1925), Bolivia
11928), Mexico (1930) for example — have in fact at-
tempted to advance their rate of development by means
of a protective tarifl, one of the indirect effects of which
was to inflate mining costs, at least in the first instance.
As a general rule, a mine that buys its supplies on the
local market contributes more to developing the country
than a mine that imports most af the goods it requires,
provided the process does not raise working costs to
such an extent that appreciable proportions of ore fall
below the pay limit.

As with the training of local labour, however, so the
organization of a local market may take some time,
especially in a society accustomed in the main to a sub-
sistence form of economy. In such a society efforts to
supply a sizable demand for food from workers at the
mines and in ancillary occupations might ultimately
bring about a revolution in agrieultural technique and
organization, with an accompanying development of
transport facilities and an increased division of labour.
The mere existence of the mining demand, however, is
not of itself decisive as a stimulant to local agriculture:
as indicated above, notwithstanding the availability of
potentially productive land and other agrarian resources,
much of the food consumed by miners in Malaya and
Bolivia is still imported, and Northern Rhodesia is still
far from self-supporting. Since, in an economy that is
being transformed from a subsistence to an exchange
basis, agricultural investment can be neutralized by the
inadequacy of transport facilities, by lack of credit or
by the unsuitability of the emerging system of land
tenure, the government evidently has a major part to
play in the rural development of countries that are
heavily dependent on non-ferrous mining.

TAX coNTRIBUTION

It has alreadv heen pointed out that the technical
objective of mining policy is the exploitation of the ore
body in such a way that with the minimum expenditure
of real resources the maximun amount of metal-bearing
ore will be removed. However, while it is true that, other
things being equal, the higher the proportion of avail-
able ore actually extracted, the more the resource country
stands to gain from its mineral deposits, the extraction

process is not merely a technical exercise carried ont
an economic vacuum. On the contiary, the techneal
prablent is conditioned at every tuin by the mteniela
tionships between ore and wietal prives and operating
(wage and material) costs.

Nor can the time clement be ignoved. Even trom the
point of view of the autonomous i cotmpany ann-
ing to maximize not its development eflects bt its own
profit, the desirability of rapid extraction and caly 1o
alization of the value of the ore has to be balaneed
against the higher capital costs invohed in arger shafts
and stopes, the operation of more working faces, and the
greater investment in transport and handling cyquipment
and in surface works for crushing, loating and reducing
the ore. Other things being equal, extraction poliey s
likely to represent a compromiise between the optitanm
rate of daily recovery and the optimuin level of total
recovery, adjustinents being made from time to thne in
accordance with changes in the knowledge of the deposit,
in the cost structure and in the current and prospective
price of the metal.’®

For an individual mine at any moment ol time, ore
and metal prices are given — determined by aarket
forces which in general cannot be significantly aflected
by the policies pursued by any one mine. Costs, on the
other hand, are constantly being inlluenced by local
policies and local actions. Among these influences pov-
ernment taxation is of particular importance, not keast
because it is an instrument by which mining policy can
be guided towards the objective of maximizing the de-
velopment potential of the mineral industry.

In the present contest, therefore. a tax is 1eparded
less as a means of raising public revenue than as a cost
or charge whose incidence is an important deternnnant
of mining practice. This is not to say that the contribn-
tion that the mining industry makes to the public pnrse
is not siguificant. On the contrary. it is one of the prin-
cipal ineans whereby the external carnings of the mining
industry are channelled into the domestic cconony, andd,
as indicated later in this section, government revenue
in the mincral economies is derived ta a larpe extent
from tax receipts from the mining industiy. The e
velopmental effects «f this incame flow clearh depend
upon government expenditure palicy; althcugh certain
aspects of this problem are touched npon in the final
section, more detailed treatment lies in the held of public
finance, outside the scope of the presemt stubv. For
present purposes, it is more fruitful to exanine the
nnpact of fiscal measures upon the operation of the mine,

Mines may be taxed in many different wavs, awd in
most of the under-developed mineral cconomics several
types of tax are emploved simultaneously, There is, for
example, the royalty, which in gencral takes the form of
a charge for each ton of ore removed. The export tax
is of a similar nature, being levied on the ore or metal

18 The theorelical relationships between rate and Jevel of e
traction are discussed in same deail in Donald Cariiele, “The
Economics of a Fund Resource with particnlar reference 10
Mining” in The American Economic Keview (Menacha, Wiceon

sin), Seplember 1954.
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as it passes through a customs depot on the way to a
foreign matket. The income or profit tax is levied on
the net revenue of the mining company regarded as a
corporate entily ;. its rate mas differ from that to which
other — industrial or commercial — forms of company
are hable, and its assessment usually involves special
rules concerning the allowances for depletion of the
mine and depreciation of the investnent. A compaia-
tively new formn of tax is that collected i sone coun:
tries through the medinm of cxchange comntrol, local
currency being sold to the exporting mineral industry
at rates of exchange that are less favourable than the
official or market rate. A much older method of taxing
mines ix by imposing customs or cxcise duties on the
things they buy. There are also licence payments, con.
cession fees, lease rentals and other such imposts on
property or mineral rights.

In the ways in which these general types of tax may
be imposed there are many variations. The tax on prod-
uct, for example. may be levied either on quantity or on
value, on the ore or on the metal content o] the ore, at
a flat rate or at a variable rate. The income tax may
be charged at a llat rate or at a progressive rate. The
exchange rate may be differentiated according to the
purpose for which the local currency is required.

This range of tax types and methods of applying them
makes for flexibility, and, although freedom from sudden
and arbitrary variation is most desirable in mining taxes
— as indeed all taxes — the peculiar nature of mining
with its high physicai and economic risks nmakes flexibility
a parhicularly valuable attribute of any system of mining
taxation,

The problem may be illustrated by the position of the
Andes Copper Mining Company in Chile, which since
1920 has been exploiting a wixed deposit of oxide and
sulphide ore at Potrevillos. After the removal of about
E50 million tons tone per cent copper content) by the
end of 1953, the exhaustion of the oxide ores left the
mine with only low-grade sulphide ores to work, The best
of these (1.7 per cent copper comtent) could be mined
profitably at 1953 prices, costs and taxes, but the rest
of the ore was considered subiiarginal. In all, this sub-
marginal ore was estimated to eontain three times as
much copper as that which was economically workable
and its abandonment would be a considerable loss to
the Chilean economy. Under a flexible tax systcm, a
forinula might be devised which would encourage the
mining company to extract the submarginal ore along
with the better grade ore in such a ratio as to exhaust
both grades simultancously, thereby prolonging the life
of the mine and increasing its total development poten-
tial. This is not necessarily a matter of subsidizing the
mine or of allowing it to nse more in the wav of real
resonrces than it recovers by wav of ore and metal out-
put. The net effect of such an adjustment of tax and
nmining policies might be the sacrifice of a portion of two
ircome streams — tax and profit — in order to maintain
not only their flow but also that of the two other income
streams — wages and  purchases —- and. perhaps more

important in the case of Chile, the mine’s contribution
to the country’s foreign eschange carnings.

As far as the wining operations in general are con-
cerned, the higher the price of the metal and the lower
the working costs of the mine, the lower, other things
being equal, is likely to be the grade of ore that it is
economically feasible to extract and the gieater the frac-
tion of ore that is removable from the deposit. By the
same token, most of the taxes which raise costs tend o
raise the pay limit below which the ore is not worth
working, thereby reducing the economically exploitable
reserve.

Thuse, a tax levied in the form of a rovalty on the
weight of rock crushed or on the volune of ore removed.
such as was imposed in several British dependent terri-
tories before the war. tends 1o raise the “cut-oll™ grade
tat which it ceases to be profitable to mine1 and hence
to lead to the abandonment of untouched ore. at least in
those mines that are operated on a selective extraction
basis. In Surinam, in addition to a rental based on the
area of the mine property, a flat rate rovalty 1of 0.25
florin1 is payable on each ton of bauxite exported, thus
imposing a burden which tends to increase as the grade
or the price of the ore declines. In French oversea terri-
tories. on the other hand, royalties have generally been
parable in proportion to the value of the products ex-
tracted from the mines and not their physical amount:
a decline in price therefore reduces the burden propor-
tionately. This type of rovalty, however, is equivalent
to a turnover tax whose incidence on net revenue tends
to become heavier as unit cost of production rises — as
it is likely to do if the grade of ore mined declines.

In contrast to this, a royalty on metal content or a
profit or income tax at rates which become proportion-
ately less as the ore grade falls.'* such as has been effec-
tive for manv years in the case of gold mines in the
Gold Coast and in the Union of South Africa, tends to
lower the cut-off point and increase the payable reserves
of the mine. This principle was extended to manganese
and bauxite mining in the Gold Coast by the system of
taxation introduced in 1952 under which export duties
hecame payvable at rates varying with the “yield ratio”
(the ratio of profit to the value of output) of the mine
in question, from zero when the yield ratio is under
15 per cent. to 21 per cent of export value when it is
more than 80 per cent. Similarly, in Nigeria, new lead-
zine mines will be taxed chiefly oy means of a duty
varying with financial yield: the risk of deterring non-
ferrous mining enterprise by penalizing success and effi-
cienev has been deemed less than the risk of allowing
unduly exploitive mining policies,

In Uganda. a revision of the mining law in 1949
permitted the substitution of a profit tax of 15 per cent
for a production royalty of 5 per cent in the case of
small mines and certain low-grade properties. In Bolivia.

17 The general form of such a 1ax i« represenied bv 1he formula
v - Ex’ where v is 1he 1ax rate expressed as a perceniage

of profit. v is the percentage ratio of profil 10 recovery and a and
b are consiants.
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a similar purpose was achieved by a change in the tax
formula introduced in 1919. Previously, exports of tin
concentrates had borne a levy on gross weight, which
increased on a sliding scale geared to the price of tin
quoted on the London Metal Exchange. The new tax was
levied on nietal content rather than gross weight, thus
making it possible to export lower grades of conceu-
trates. This cliange probably stimulated the export of
tin ore and concentrates, though, as indicated in the pre-
ceding chapter, it doubtless discouraged the extension of
local beneficiation, the first phase of the metallurgical
industry.

As noted in the previous chapter, Malaya at one time
practised almost the reverse of this system; by im.
posing a prohibitive tax on the export of tin ore and
concentrates, it scught to ensure that local ore would be
smelled and refined within the country. The revenue-
raising export tax was levied on tin metal. In the Be'gian
Congo, where export duties contribute a sizable propor-
tion of governnient revenue, the rates in recent years
have been ad valorem and on balance have tended to
favour the local processing of the mineral. In 1954, for
example, the rate of duty on zinc was 3 per cent on
metal, 0 per cent on concentrates; on cobalt 14 per cent
on granulated metal, 18 per cent on copper-cobalt alloy ;
on manganese 6 per cenl on metal, 11 per cent on ore. In
the case of tin, however, 7 per cent was levied on both
concentrates and metal, while copper was exported en-
tirely in metal form, taxable at 15 per cent of value.

The burden of a profit tax depends in the first instance
upon the definition of profit, which, as indicated above,
involves the concept of depletion and depreciation. Ex-
perience has shown that where the depletion allowance
depends partly upon the company’s estimates of the
mine’s reserves, there is a tendency to understate them
and in some instances a failure 1o keep their development
proceeding at the pace dictated by the rate of exploita-
tion of known ore bodies,

In general, the higher the permissible write-off of
capital expenditure each year, the more thoroughly is the
ore likely to be removed. Moreover, rapid amortization
tends 1o reduce the risks inherent in mining investment,
postponing but not necessarily diminishing, govermneut
participation in the successful exploitation of an ore
body. In Northern Rhodesia, where mining is not sub-
ject to any special taxes but pays ordinary company
income tax computed as a proportion of net profit, a
1951 amendment to the law gives new mines the option
of treating all expenditure during the first five years of
development as current. and hence of writing off these
early capital costs during the period in which they are
incurred, instead of slowly over the life of the mine. or
over a period of 20 vears, as had previously been the case.

In Peru, the 1951 mining code allows, in addition to
normal amortization of equipment, a deduction of up to
15 per cent of gross sales (but not exceeding 50 per cent
of profits) against the ultimate exhaustion of the mine.

Another form of tax. used particularly in Latin Amer-
ica, is imposed bv means of a system of differential

exchange rates. Such a system was fust applied i Bulivia
and Chile in the early nincteen thirties when - wreney
devaluation placed a fortuitons proft i the hands of
the exporting mines, which nutit then had heen 1o T
to surrender to the central bank not the whale of then
foreign exchange earnings bt v the equivalent of
their local costs. It was considercd that, with price e
termined on oversea markets and output quota tined
by a producer cartel. the purchase from the mines of
their foreign currency savings at an exchange ate some
what below that at which the local curveney was available
for other purposes would constitute an easilv collectible
tax unlikely to affect productien. Subsequently. infla-
tionary increases in internal prices brought about con
siderable depreciation in local currencics, increasing the
gap between the ordinary exchange rate and the wn-
chauged rate at which the mines were obliged to <ell
their curreney  holdings. thereby imposing a snbstantial
tax on local production costs. lu Chile, in 1951 fin ey
ample, when ou the free market a United “ates dollu
would buy an average of 85 Chilean pesos. the mines
were still allowed only 19.37 — the pre-war rate.

This exchange differential tax, reinforced by the ten-
dency for local unit costs to rise more rapidly than
those abroad, induced the mines to make a smaller pro-
portion of their purchases within the countiv of opera-
tion. Thus, in Chile, the large copper wines have con-
tinued to import almost all their stores even though
many iteins could have been provided by local factories
some of which have already built up a market among
other domestic consumers. In Bolivia, where, as indi-
cated in the previous section. a substantial proportion
of the food consumed by miners and their families is
still imported from abroad. unfavourable rates of e
change granted to the mining companics while they were
still privately owned also militated against local p
chases. Moreover, to the extent that sinelting and relining
add to the foreign currency equivalent of local costs
wore than would he saved Iy shipping the wetal instead
of the ore, the exchauge diffesential tax probably tend-
to discourage domestic processing.

In the long run, differential exchange vates of this
nature tend to isolate mining «perations fran the rest
of the economy, wilitating against integrated develop.
ment. Moreover, they often have a considerable ¢t
upon unit costs, especially in the case of mines in which
wages are a high proportion of total cost. In tenins of
United States cents. for example, Chilean costs per pound
of copper. under operating conditions prevailing in 1952,
would have varied from 21.6 to 9.1 ax the rate of ex
change for local expenditures was raised from 1937 to
150 pesos per United States dollar.'™

Although producers might normally tend to regard thie
type of discriminating taxation as a temporary clement
in their cost structure. and therefore not a justificatian
for any special long-term research mto methods of re.
ducing costs at the mine, it is probable that the imposi-

V& Cf, United Nations, Economic Survey of Latin 4merica, 1953
1-ales number: 195411.G.10.
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tion of nnfavourable dilferential exchange rates has
hastened the process of mechanization v which local
manpower has been replaced by imported machinery
This has raised the productivits of the mines' residual
labour force but has probabiv reduced their development
potential in respect to hoth cmplovment and the genera-
tion of additional demand from . Where real wage
costs are so directhy affected by foreign exchange policy.,
all disagreemients and negotiations between management
and labour almost inevitably involve the government and
its tax structure

Latin American countries which have mineral resources
have tended to regard a systemn of differential exchange
rates as an easily applicable means of beneliting directly
from the relatively high productivity of the export in-
dustry. As a tax. moreover, it is capable of rapid and
simple adjustment to changes in the cost-price structure,
and it may be graduated in order to iaxinize the amonnt
of foreign exchange surrendered by each category of
producer. In Chile, in pre-war vears. for example, the
small. higher-cost copper mines. which were required to
relinquish all the foreign exchange they earned, were
granted a more favourable conversion rate than the large
mines, and in the post-war period their relative advan-
tage increased. However, the construction of the new
sulphide plant at Chuquicamata. referred to in the pre-
ceding chapter, was encouraged by the Government by
the grant of more favourable conversion rates — 43 pesos
to the United States dollar in 1919, between 50 and 60
in 1950, and 60 in 1951 — to meet the local costs of the
new facilities.

In 1951, the agreement between the Chilean Govern-
ment and the United States copper companies was
widened, by limiting to the 1951 figure the amount of
foreign exchange that had to be sold by the companies
at the old rate of 19.37 pesos. Above this amount, local
enrrency would be sold to the companies at the pre-
vailing official rate. which at the time of the agreement
was 100 pesos per dollar. In return for this concession
the companies undertook to expand Chilean copper pro-
duetion to 500,000 tons a vear. This arrangemnent was
superseded in 1955 when the companies were given
greater freedom in marketing their copper output. More
reliance has been placed on a profit tax to stinulate in-
vestmient and increase production: over and above a
basic tax of 50 per cent of nct profit a forn of surtax
has been inposed at a rate which dimninishes from 25
per cent of net profit to zero as the output of copper
increases to 600,000 tons a year.

The first profit tax tof 12 per cent) 1o be imposed on
the Chilean copper mincs dates back to 1921 In 1920,
after the collapse of the nitrate industry as a xource of
revenue, the tay structure was overhauled, the rate of
the profit tax raised. a general ineome tax on mining
companies introduced and the svstem of multiple ex-
change rates, described above, established, In the vear
1028729, direct taxes absorbed about 7 per cent of the
nct valie of the oversea sales of the large mines: during
the post-war period 1946 to 1950 the average proportion

was about 22 per cent, raised chicfly through a tax which
appropriated one-half of the difference between a pre-
scribed datwn price for copper (135 cents per pound)
and the price actually realized on the market. The gen-
eral income tax, levied on the diffcrence between the
datuin price and the cfective unit cost, has tended to
lose significance bhecause of the steady rise in costs. But
if the contribution levied through the differential ex-
change rate and customs duties are added the 1o1al tax
burden borne by the large mines in 1918, for example,
amounted to about 40 per cent of the proceeds of their
oversea sales. During this period the small mines were
subject only to a general income tax. but at a rate which
was rising and which by 1951 had reached a level not
far below that applicable to the large mines.

In Peru, where multiple exchange rates had been in
effect since 1945, the first step taken when mining policy
was liberalized in 1949 was an adjustment of conversion
rates and the granting of more favourable rates to ex-
porters of minerals than those obtaining for other ex-
porters. Tax discrimination against mining — chiefly in
the form of an additional 30 to 10 per cent levy on the
margin between the New York price of the metal and
a specified datum figure (16 cents per pound for copper,
for example) — was brought to an end in 1950 when all
taxes on mining, other than normal income tax (at 20
per cent of profit for most niining companies), a 12 per
cent tax on dividends and a comparatively small land
tax, were suspended for a period of 25 years.

The Mexican tax system has atso tended to discrimi-
nate againsl mining in recent vears. for in addition to
the norn.al income tax and excess profit tax levied on
all companies, the mines have had to pay both local and
federal production taxes. Since 1921 the latter have
taken the form of a price-progressive rovalty on the
realized value of ore extracted. amounting in 1952 to
23.5 per cent in the case of copper and zinc and 2625
per cenl in the case of lead. Over and above this there
has been a general export tax of 15 per cent. In five
post-war vears, 1946 to 1930, taxation absorbed more
than one-half of all mining profits, compared with about
one-third of the profits of other industries, and in 1952
approximately 30 per cent of the gross value of mining
output went into the public purse. This tax poliey prob-
ably contributed to the relative decline in mining invest-
ment during the period 1019 to 195}: reinvested profit
was praetically the only form of capital entering the
industry, and many mines elosed down. More recently a
madification of government policy. promulgated in 1952,
has resulted in an increase in road huilding in mining
districts. the subsidizing of eertain small mines and the
wawving of produetion taxes for five vears in the case of
new mines opening up in specified undeveloped parts of
the country.

In general. direct taxes on income are likely to be
much less of a deterrent to sound mining practice and
optimum resource utilization than are indirect taxes,
either on the ore or metal output of the mine or on the
commodities used by the mine in the course of its opera-

I
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tion. The tendency for royaltics and export duties that
are based on the volume of ore to militate against the
working of low-grade deposits was pointed out above,
The imposition of customs duties may tend to have a
similar effect. for in so far as they raise the cost of
mine stores they will tend to raise the cut-off point andl
thereby reduce the volume of ore that can be econem-
ically extracted. %o, too, does a tax or duty on consumer
goods, which tends to raise the cost of living, and hene
the wages, of ine workers, unless inderd the bargaining
position of the mine is strong enough to force the workers
to bear the whole of the resultant cut in their real wages,

In most under-developed countries that depend greatly
on mineral exports. customs duties are in fact levied on
a wide range of imported goods, including many that
are used by the mines and their employees. Mining
equipnient, however, is usually given preferential treat-
ment, often to the extent of being admitted duty-free.
In some countries — Peru, for example, under the 1951
code'® — mining stores are alsv exempt from duty.
Where the duty on goods used largely by the mines is
designed for raising revenue, resource utilization would
probably benefit if it were replaced by an equivalent tax
on profits, even though such a tax might not be as simple
to compute or to collect.*® On the other hand, where the
duty is intended not for revenue but for protection of a
domestic industry. its soundness from the point of view
of its effect not only on mineral resource utilization but
also on general economic development depends, as in-
dicated in the preceding section, on a wide range of
consideratiohs.

Quite apart from customs duties that may be payable
by the mines on imported stores, government revenue in
most of the under-developed mineral economies depends
very greatly on the taxes levied on the mines. In one or
two cases. however, that dependence has tended to de-
crease in recent years, as a result of a broadening of
the tax base. This has been so in Chile, for example,
even though the tax on the copper mines has tended to
absorb an increasing proportion of their gross revenue.

In Malaya, the export duty on tin vielded 10 to 45
per cent of total government revenue during the early
years of the present century. A good deal of public in-
vestment —in roads and railways for example — was
financed by the tax on tin. With the growth of other
sources of revenue. however, chiefly as a consequence
of the expansion of the rubber industry, the importance
of this tax tended to decline. It accounted for less than
20 per cent of gross revenue by the heginning of the
First World War and dropped to 8 per eent in 1932.
In the post-war period it rose to 13 per cent of gross
revenue in 1949 but with the decline in tin prices had
decreased to 8 per cent by 1953,

19 In Peru, the 4 per cent duty which is levied on mining imporis
is deductible from subsequent income tax liability.

20 The difficuliies of administering a profits 1ax are likely 10 be
greaest where the mine i< part of an integraied concern and
adjustments have to be made 1o the prices at which inter-company
transactions 1ake place.

In Bolivia, vn the other had, imnrnge tavation has
ereased in importance in selation to both volue of ont
put_and public revenue. Before the Fust Wl War,
mining taxes absorbed vather kess than 5 pet cent of the
realized export valne of wineral ontput, by 1929 the
proportion hal risen 11, 10 per cent and i B0 0 wos
15 per cent. Increasing mnch more tapidhy than other
taxes, direct mining taxes vielded abowt 19 pev cent of
total government vevenue in 1929 and no less than 13
per cent in 1950, most of it heing collected in the form
of export duties. Over and above direct taxes during this
period was a svstem of differential exchange vates, which
acted, as in the case of Chile, as a tax on the local pro-
duction costs of the laige mines,

In Northern Rhodesia. public revenue has been even
more dependent on the proceeds of direct mining taxa-
tion. This has beeu levied on a non-discriminatory bhasis
at a specified rate (37.5 per cent in recent years) on net
profit, and in post-war vears up to two-thirds of total
government receipts has come from this source.

In the Belgian Congo. where the connexions hetween
the Government and the mines are nuch closer, public
revenue has benefited not only from royalties, concession
fees. export duties and a tax on mine profits but also
from dividends accruing from government participation
in mining investment. In general, about one-half of the
profit earned by the mines and distributed to share-
holders has passed to the Government. In 1951, almost
one-fourth of the gross valne of sales made by the Union
miniére du Haut Katanga went into public revenne, sonp
what more than half as dividends, the rest as taxation.

The Indonesian Government is also a participant in
mine profits. owning as it does the whole of the important
Bangka tin property and five-cighths of the shares of the
Billiton Company.

The corollary to the dependence of government revenue
on mining taxation is the hazard of \vear-to-year fluctna-
tion. In Malava. for example, the tin export dnty, which
vielded $M 18 million in 1927, yielded only $M 4 million
in 1932, while between 1937 and 1938, when the average
price declined by about 22 per cent. tin exports declined
by 45 per cent and the vield of the export duty declined
by 50 per cent. More recently, fluctuations in the receipts
from export taxes have also reflected changes in the
rates of tax: policy, in Malaya, as e¢lsewhere, has heen
to adjust the export tax rate to changes in the market
price of the metal in order, in particnlar, to draw off
part of the high returns accruing to producers doring
boom conditions. The export tax on monganese shipped
from India. for example. was raised to 15 per cent ad
valorem in 1951, but aholished in 1951 wheu the market
was depressed and many of the sinaller mines were un-
able to sell their output. Such adjustinents are wsnally
aimed primarily at reducing potentiallv  inflationary
forces in times of high metal price. Int they also tend
to stabilize to a certain extent the actual receipta of
the mines.

In the general course of these movements of prices
and taxes. fluctuations in physical vutput have usually
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been greater than those in price, and fluctnations in
exsport procecds have almost invariably been greater
than those in either price or output, while fluctnations
tn mining profits have been greatest of all. Fluctuations
m the receipts from inining taxes are necessarily a func-
tion: of the particutar variable or variahles to which they
are by law wtached. A tax on profit, which as indicated
above is likely to be the soundest from the point of view
of resonree utilization, s thus likely at the same time
to be the least reliahle from the point of view of the
revenie it produces,

PPRUFITS AND THEIR t SE

From one point of view the organization of the non-
fervous metals industry reflects the fact that the under-
developed mineral economy with its ore resources cam-
plements the advanced industrial economy with its sup-
ply of capital and skill and s inarket for metals. Nince
lack of capital is one of the nain characteristics of
under-developed countries, the funds required for ex-
ploitation of most of their major mineral deposits have
heen raised abroad. either by direct borrowing or through
the formation of a jont-stuck company or a branch or
subsidiary of such a company, in which shareholders ac-
quire an equity interest, In this way, most of the larger
non-ferrous metal mining companies operating in under.
developed areas have been organized in industrial coun-
tries. most of the shares cantinue to be held there. and
in many cases effective control in all but routine matters
continues to he exercised from there,

In some respects 1t is an important advantage for an
under-developed country to he able to use foreign equity
capital for the discovery and opening up of its mineral
resonrees, The process of exploring an ore body and
developing an operating mine is both costly and risky,
for even when a high-grade deposit is indicated success
is by no means assured: spectacular results achieved in
a few instances or at certain times tend to obscure the
fact that a considerahle proportion of prospecting and
mining investment yields little or no return. Even in
the case of mines that are ultimately suceessful. a lony
period — perhaps three ar four years or meore — mnar
rlapse hetween the initial investmeut and the production
of the first saleable ore or metal. Under these circum-
stances. there is much to be gained by having the original
tinancing undertaken by risk capital from the more ad-
vanced countries, especially if it is in the hands of mining
experts technically capable of exploiting in the most effi-
cient and economic manner whatever mineral resaurces
mav be discovered.

Tending to offset the advantages attaching to the use
of foreign capital for mimeral exploitation is the fact
that it reduces the resource country's control over the
disposal of anv prolits the mining enterprise mav earn.
Before disenssing some of the effecta of this on the mine's
development potential, it is advisable to examine the wavs
in which capital is raised to linance mining operations.

The initial stages of mineral exploitation. during which
the concern which bears the expense has no real assets.

have usually been linanced by syndicates of persons with
sonte knowledge of the arca to be explored, or, to an
increasing extent, by larger mining companies or gronps
with techiical facilities as well as the cash resources
for undertakings of this nature. If the vepart of the
exploring party is sufliciently favourable —in the light
of market conditions as well as technical considerations
— a prospectus may he issued inviting the public in the
country which has the mineral rrsource or, more fre-
qmently, in one of the industrial countries, to subscribe
the capital of a wmining company to be set up to exploit
the newly located ore deposits. This sort of prospectus
would normally he aimed at individuals who dispose of
venture capital and who are likely to be prepared to
invest in an unproved and therefore essentially specula-
tive enterprise in the hope of a high return.

The actual mining enterprise, as distinct from an ex-
ploration company, usually redquires considerably more
capital. Tt is estimated that the development of the Ban-
eroft tiine in Northern Rhodesia. for example, will have
cost £13 million to bring it into production with an
output of about 143.000 loiug tons of copper a year by
1957 plus a further £5 million to expand capacity to
86,000 tons hy 1960, The significance of this sum 1s
indicated by comparing it with the £19 million which,
during the vears 1950 to 1953, was the average annual
total of investment in the whole territorv. Though the
newly formed Sauthern "eru Copper Corporation will
exploit the Cuajone-Quellaveco-Toquepala ore deposits
by opencast methods, well over $200 million — more than
twice the average annual figure for net domestic capital
formation during the perind 1948 to 1952 — will be re-
quired to prepare the site. construct the transport facili-
ties. mill. power plant. smelter. workers’ quarters and
other works necessary for handling an estimated 30.000
tons of ore a day. In both these cases almost all the
initial capital will have heen raised and dishnrsed before
the first metal is obtained, and three to five or even
more years — during which the price of copper may have
changed considerably — may have elapsed hefore anv
return can be made on this investment.

Once a mine is in steadv operation, its sources of
further capital are more extended: it mav retain part
of its own net earnings for reinvestment; it may appeal
to the investing public again on the basis of its proved
earning capacity: and once it is in possession of fixed
assets and other valuable property, it may be able to
borrow additional funds through dchentures, mortgages.
or special types of shares®!

21 The process may be illustrated by the historv of the Rhokana

Corporation, the company which operates the Nkana mine in
Northern Rhodesia. P'nder the name of the Rhodesia Conge
Border Concessinne. it was founded in 1923 as an exploration and
prospecting concern with an authorized capital of £150,000, In
1930, after part of the area had been proved and the extem of the
copper ore deposit estimated, actual mining operatione finallv
started at Mindola and Nkana. The companyv’. capital was in.
creased to £ million. and 676086 shares of £1 each were
issued in pavmen for the assets of the oll copper mine at Bwana
Mkubwa and the rights over 1he now Nchanga propertv, where
another ore bady had heen located. In 1931, the company adopted
its present form, issuing a further 100,000 shares of £1 each in
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Mining investment being subject to a number of major
risks and uncertainties. equity shareholding is generalls
the most appropriate method of financing. Over a long
pericd it will probably turn out to be less of a hurden
than a fixed-interest debt, both directly to the compan
itsell_and indirectly to the under-developed conntry as
a whale. In the case of a debt ivenrred abroad, funds
for its servicing are likely to be derived largely from
the export proeceds of the mineral industry which is be
ing financed: the higher the proportion of gross revenue
absorbed by prior charges or costs, the less will be the
net revenue stubjeet to income or profit tax. and also the
amount potentially available for new investment. In this
connexion, it is worth recording that one of the reasons
for the decision not to proceed with the proposed Baluba
mine in Northern Rhodesia in 1933 was the fact that
the bulk of the £13 million required as capital would
have been horrowed, leaving the inine with a fixed deht
and service charge considered too large to he safely
carried on an output of some 24.000 tons of copper a
vear.?” In the case of equity financing hy foreign share-
holders. although the success of an enterprise inay mean
the pavment of higher dividends ahroad. this usually
tends to follow the earning of greater foreign exchange
income through increased exports.

Although a fixed-interest deht mav mean lower rela-
live payments during a period of high prices or produc.
tion, hy the same token it means relatively higher
payments during a period of low demand for the metal
exports, This argument is reinforced by the fact that
sone of the ancillary investiments in the under-developed
country — in public utilities. for example — the expan-
sion of which is prompted by mineral development
(though not necessarilv paid for by the minesi are
likelv to require financing by m-ans of fixed-terin loans
whose servicing will impose a prior burden on availahle
foreign exchange resources. It should be pointed out,

payment for prospecting rights over a 55,000.square-mile conces.
sion. In 1932, capital was increased again by 1he issue of ordinary
shares, while two vears later, when the produciion of blisier
copper was well under way, further «xpansion was financed by an
issue of 5¢ per vent redeemeble cnmulative preference shares,
this time at 5 per cent premium. The success of the mine is indi-
cated by its ability 10 sell 57709 widinary shares in 1936 at no
less than 1en 1imes their nomine  value, thus raising its out.
standing capital 10 nearly £4 million.

#2The danger in debenture financing of speculative veniures
may be illustrated by the history of 1the Chile Copper Company
and its subsidiary, the Chile Exploration Company, afier the First
World War. Inerest and amoitization eharges were of the order
of $3.3 million a year. and in 1919, when revenue dropped 10 the
level of operating cosis. 1his was the magnitude of the companies’
joint deficit. A rise in (evenue in 1920 just macle it possible 1
mee) the year's capital charges, but a more drasiic fall (averaging
almost 30 per cenly in the copper price in 1921 reduced revenue
well below operaling coais and lefi 1he enlerprise, afler its interes
burden hal been met, with a deficin of almost $5.7 million. In
1922, a considerable inerease in revenue was almeat offset by an
increase in cosis: net incor~ was insufficient to meet inleres
charges and there was a furiher loss of abour $1.4 million. It was
at thi~ stace thar 1he majoritv of the company's 3.808,020 shares
(par value 825 each) were acquired hy the Anaconda Coppe
Mining Company. For this and other purpeses, Anaconda in jis
turn issurd and sold $150 wmillion in bonds (1'nited Siates Federal
Trade Commiscion, The Copper Industry, Washingion, D.C.. 1947),

however, that. notwithstanding the rishs inmvolved i
saddling a flactnating income with a load of tined coste,
a long-term inflationary trend sueh as has been experi
enced in the twentv vears since the preat depression
may have the eflect of lightening vers appaeciably the
incidence of fixed-interest abligations, unless indoeed i
ment has to be made i gold or a forcign cnrreney
against which the curieney of the vesouree comtry s
depreciated.

Although most mining companies raise their initial
capital through an issne of ordinary shaves or comman
stock, fixed-interest borrowing is often resarted to fo
financing subsequent development. In this wav a goad
deal of the recent rxpansion of non-fervons metal mining
and refining in Africa and Latin America has heen
financed by loans. some of which have heen nade vepa -
able in aetual ore or metal produection. Some <5 milli
of the £6 nillion capital reguireinents of the uew
Chibuluma mine in Northern Rhodesia, for  examede.
has been provided as a loan by the Defense Materials
Procurement Agency of the United “tates Government.
which is to be repaid in metal over a period commencing
in 1950, the agency having a prior option «n 19 per ecent
of the mine’s output of cobalt. The remainder of the
capital ( £ 1 milliont is in the form of an equity lolding
of the Mufulira Copper Mines, Limited. The jaozrmmnme
for opening np the copper fields i sonthern Pern is
being financed largely 1.+ means of a 120 million loau
from the Exportdmport Bank of Washington, the re-
mainder of the eapital — at least 395 willion in new
mouney — being provided by four large | ouited >tates
metal concerns, the Awerican Smelting  and Refining
Company, the Cerro de Pasco Corporation, the Newmeant
Mining Corporation and the Phelps Dodge Corporation,

When. from the export earnings of a mining company.
the three nain monetary streams have Howed to meet
the various local costs disenssed in the preceding sec
tions and fixed prior charges have all been met. the
balance left in the hands of the company is its net profit.
This is the most variable of all the elements into which
the company’s revenue may be divided, and indecd may
sometimes be negative. I'rofits belong to the owners
ishareholders) of the company, bet their disposal s
usually in the hands of a board of directors. who have
the choice of distributing thein among the sharcholders,
reinvesting them in the mine, investing them in some
other economnie activity or holding thent in a fairly Henid
form pending a decision as to their use,

The effect of the distribution of prahts as dividends
depends in the first instance upon the domicile of the
shareholders. In so far as these sharcholders reside ont-
side the country where the mine is located, the distribu-
tion of dividends represents a “leakage’ of export carn
ings. and its influence on the domestic economy is exerted
mainly through the country’s balance of pavinents. When
mctal prices are low and mining profit decreases or
vanishes, little or nothing may be remitted abroad, but.
converselv, in times of high nictal prices and high prafits
the outward flow of funds from the mineral economies
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Table 34. Balance of Trade and Direct Investment Income of Certain Under-Developed
Mineral Economies, 1948 to 1954"
(Millions of indicated currency)
Direct invesiment income®
5 Balance of Recei Payments
Country, currency and year B’Iz::h Imu mcrc"h:zduu eceipls Ao perceni of
Amound RELSARG
Trads
Ezports surplus
Belgiai. Congo® (Belgics Congo francs)
148, .o o 13,173.0 8,427.0 4.746.0 197.0 1,216.0 9 26
W49 12,550.0 10,341.0 2,209.0 267.0 1,523.0 12 69
1950.... .. ... 15,776.0 9,927.0 5,849.0 253.0 1,548.0 10 27
196, ... o 20,554.0 16,523.0 4,028.0 401.0 1,717.0 8 43
1952, .. . 22,735.0 21,560.0 L1750 447.0 2,225.0 10 190
1953 . .. 21,4380 20,412.0 996.0 655.0 2,867.0 13 288
1954, ... . ... . 23,783.0 22,1290 1,654.0 494.0 2,954.0 12 179
Bolivia (United States dollars):
1948.. . .. ... 100.3 82.5 17.8 - 16.5 16 93
949 .. 89.8 94.1 -4.3 —_ 0.6 1 ¢
1950 . 77.1 05.0 12.1 - 22 3 18
1951. . .. 124.7 108.5 16.2 - 24 2 15
1952. e 96.0 111.2 -158.2 - -20.0 . ¢
Chile (United States dollars):
948 .. 3421 278.5 63.6 - 68.1 20 107
1949 . 265.2 305.9 —40.7 - 383 14 d
1950..... ... . ... 296.6 285.7 409 - 499 17 122
1951 . . 378.7 361.3 17.4 — 57.2 15 329
1952. .. 4533 ag8.9 64.4 - 53.5 12 83
1953. . . 329.3 358.3 -29.0 - 32,5 10 ¢
Indonesia (rupiak)
1948 1,045.0 1,230.0 —185.0 73.0! 7 ¢
1949 1,503.0 1,724.0 -221.0 176.01 12 4
1950 . 3,040.0 1,684.0 1,356.0 - 390.0¢ 13 9
L Y 4,795.0 3,390. 1,405.0 120 §75.0¢ 12 41
1952, . . . 10,288.0 11.228.0 -940.0 151.0 1,063.0! 10 ¢
Mexico (United States dotlars):
948.. .. . ... L 461.0 608.5 -147158 71.3s 15 d
1949, ... ... 463.0 532.5 —~69.4 47.0¢ 10 ¢
1950, . 520.9 596.6 ~78.7 65.1s 12 d
1951, .. . 629.7 888.2 —-258.5 90.7s 14 .
1952 655.5 829.0 -173.5 113.8s 17 d
1953 .. ... . 589.2 807.6 —~218.4 828 14 ¢
Northern Rhodesia (Southern Rhodesian pounds):
1948 e 274 18.7 8.7 16 42 133
1949 339 4.4 9.5 . 13.7 40 144
1950.. ... .. .. 488 30.7 18.1 221 45 122
1 ) 73.5 40.3 33.2 20.4 40 89
1952...... ... ... . . 83.3 485 348 L1 42 101
Peru (United States dollars):
948 162.5 168.5 -6.0 - 12.6 ] d
1949, . 156.7 168.8 -12.1 - 100 6 ¢
1950..... . ... .. e 194.1 17178 16.6 - 85 4 51
1951, .. . ... ... 254.3 264.4 -10.1 — 20.1 8 ¢
1982 ... .. ... .. 2424 300.9 ~58.5 - 19.2 8 4
1953 226.4 300.3 -739 — 178 8 ¢
1954 . ... 253.7 254.8 -1.1 — 19.1 8 d

Source: International Mouetary Fund, Balance of Payments Year.

book, volumes 5 and 6 (Washington, D. C.)

¢ Or latest year for which data are available.

b Income, after deduction of taxes, accruing ! om investments

in one coquK but_effectively controlled by residents of
e

located

another country. For t
International

volume 5, page 10.
¢ Including Ruanda-Urundi. The trade figures are inflated slightly
by inclusion of the value added to exports hy processing in Belgium.
The figures for direct investment income are inflated somewhat
by inclusion of other (indirect} investment income.
4 Not calculable since the balance of merchandise trade was

passive

r

definition of Ycontral” in this context see
onetary Fund, Balance of Payments Yearbook,

* Not calculable, since there waa a passive balance of merchandise
trade and & net loss by foreign.owned mining companies.

! Including remittances by foreign-owned oil companies. Profits,
overses expenses and capital movements connected with these oil
companies involved a net outflow of 6 million rupiah in 1948,
39 million in 1949, 297 million in 1950, 406 million in 1951 and
608 million in 1952,

* Including reinvested earnings as follows: 1948, $14.4 million;
1949, §12.7 million; 1950, $27.0 million; 1951, $43.5 million;
1952, $48.3 million; 1953, $17.9 million.

* Including dividends declared by mining companies whose head
offices were transferred to Northern Rhodesia in 1951: £7.9 million
in 1951 and £10.0 million in 1952,




PROFITS AND THEIR USE

may he considevable, Although mine prolit< and the
country’s expaort ed nings are not mdependent variables,
the fact remains toat dividends are related pramariby
to the protits tand ence o previons salest of the wines
in question and not necessarily to the exporting conn-
try’s immediate balance of payments position. Henee it
is possible for a country’s impurt programme and its
mines’ dividend policy to be out of phase: when the
balance of trade is passive, the distribution abroad ot
large prolits earned in some earlier period by the mining
industry may result in a rapid depletion of foreign ex-
change reserves and possibly in temporary balance of
paywents difliculties.

Something of this nature seems to have occurred in
Bolivia in 1938. for example, when miscellaneous receipts
on current account were insufficient to offset the com-
bined effect of a small passive balance on merchandise
trade and a large payment — amounting to 24 per cent
of total export value —of profit on foreign-owned in-
vestments, chiefly tin mines. In the two following years,
the balance of trade was active, though smaller than the
net payment made on foreign investments in 1939 and
only 20 per cent larger than the net payment in 1910,

In Chile the initial effects of the depression of 1930 to
1933 were doubtless aggravated by the fact that in 1929
net earnings of foreign companies — largely nitrate and
copper mines — were almost 50 per cent greater than
the balance on merchandise trade. A similar situation
has emerged in more recent years. In 1948, for example,
rewnittances by the large mining companies exceeded the
surplus earned by trade (see table 34). In 1949 a con-
siderable drop in the value of exports, combined with a
rise in imports, resulted in a substantial trade deficit;
however, a small deficit on other current transactions
was partly offset by investments by the large mining
companies in excess of the interest and profits earned
in that year. Balance of trade surpluses achieved in 1950
and 1951 were again smaller than direct investment pay-
ments. In 1952, however, the trade surplus was augmented
by the mining companies’ investments, which exceeded
by a small margin their net earnings. In 1953 there was
another passive trade balance, but this was again par-
tially offset by the excess of mining investment over
remittances of profit.

In Indonesia, trade deficits in the post-war period
were accompanied on several occasions by appreciable
outflows of the earnings of foreign concerns, not coun-
terbalanced to any marked extent by increases in their
investments. In these movements the oil and rubber in-
dustries played a much larger part than the non-ferrous
metals industry.

In Mexico, where the non-ferrous metals industry is
of greater relative importance, substantial remitiances
of foreign company profits have continued alongside trade
deficits throughout the post-war period. The proportion
of such profits reinvested locally has ranged between 20
per cent in 1948 and 48 per cent in 1951,

In Peru, where merchandise trade balances have been
passive in most post-war years, remittances of earnings

tis

of foreru compaimes have yemaimed the wehbonr
Bewod 68 5 e el of e export vabie, Fongl Lo thes
were ol olftset by manhed extent by new oo <ent
By these companies: e B ndeed, Hiere wae o appre
ciable shsnnestiment. ha the peviod F9OO B 1905 however,
fHew fnl('i;_‘” nivestroent ~ubstantiahy exceeded the weome
transferved 1o pacent concerns ainoad.

In Northern Rhodesia et divect ineedine Cabinngs
exveeded the active balimee on trade aecm i st of
the vears between 198 aud 1953, despite a rapid e rease
i the valne of exports Except in 1919 a0l 19 ' how.
ever. the vate of new imestment by the mining co nanies
was Digh enongh to rednee actnal transfers bebne the
level of the trade surphns, Fhough the rerioval of the
headquarters of two of the large companies from London
to Kitwe in 1951 had a woticeable efl et upon the terri-
tory’s balance of pavments, this was largely of a tech-
nical nature, imvolving merely the reclassibication of
investment income. From an economic point of view, the
principal immediate resalt was a reduction i the com-
panies” tax burden and a correspondimg increase i proht
available for distribution to sharcholders, most of whom
continued to be non-residents. In the long ran, howeyer,
the transfer may well have a more profonnd effect on
the distribution of mine earnings; the presence of the
company directorate and headquarters staff in the country
where the inines are located is likely to allect the direction
and rate of local investment, while the local government
may have been placed in a better position to increase
its share of mine profits.

This brief review of the halance of payments of some
of the principal mineral economies in recent vears in-
dicates that a current account delicit, caused or enlarged
by profit transfers by foreign companies, may be connter-
balanced, completely or partially, by an inflow of vapital
to finance new investments of these companics, Fxen when
there is no compensatory movement of company capital,
there may be adequate opportunities for other types of
borrowing. If not, shortfalls on current account may be
successtully met by drawing down foreign exchange
reserves. Disequilibria of this nature may cause no more
than a temporary strain; if they occur at the onset of a
period of declining exports or deteriorating terms of
trade, however, they may enhance the difficnlty incvitably
experienced by an under-developed mineral economy in
adjusting foreign exchange expenditures to a reduced
level of earnings.

Considered in isolation from both the pattern of im-
ports and the nature of international capital movements
at the time, these examples do no more than indicate
one aspect of the problem facing the less developed coun-
try whose exports consist largely of minerals and metals
derived from ore resources which are being developed
by foreign concerns. More generally, the balance of pay-
ments of most of the under-developed mineral economies
has passed through two stages analytically distinct but
in practice often overlapping, because of the continuing,
organic nature of the development process: (1) an invest-
ment or borrowing phase; and (2) a debtor or repayment
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phase. In some instances the former has been quite short,
while the latter has often been protracted. ‘The invest-
ment phase, when unfavonrable trade balances are being
financed by the inflow of foreign capital, is characteristic
of the opening np of the country’s non-lerrous mineral
resonrces, At the end of this primary development stage,
both capital inflow and merchandise imports may tend
to decline temporarily as the need for additional equip-
ment drops, while exports have usually risen rapidly as
the initial investment has hegun to yield ore or etal
which is marketable abroad, thus creating an active bal-
ancc of trade. This process may be repeated, another
borrowing-repayment cycle being superimposed on the
previous pattern, as a new inflow of foreign capital is
invested in the development of more of the country’s
natural resources,

Fluctuations in export income have tended to be par-
ticularly disruptive in those economies in which the
financing of diversification during at least the early stages
of development was being undertaken, directly or indi-
rectly, from the proceeds of the mineral industry, espe-
cially where this source of new investment was being
supplemented to any considerable extent by foreign bor-
rowing. A public utility which is quite capable of earning
the amounts required for interest and amortization when
the mineral industry is an active user of its output, for
example, may become an embarrassment when the in-
dustry is buying less of its product and providing less
of the foreign exchange required to service the debt. It
was in this manner that Chile’s fixed-interest borrowing
in the nineteen twenties added appreciably to the crisis
caused by the collapse of the copper and nitrate markets
in 1930. Thus, in the early stages the very effort to realize
part of the development potential of the mineral industry
through use of some of the revenue derived from it for
investment in other productive fields may, by adding dis-
proportionately to total foreign exchange requirements,
whether for capital equipment or for components or raw
materials, tend to add to the risk of balance of payments
difficulties in the under-developed economy inherent in
fluctuations in nineral export earnings,

In a number of under-developed countries where for-
eign, equity-financed companies are exploiting non-ferrous
mineral resonrces, attempts have heen made from time
to time to apply fiseal dcterrents to check the transfer of
profits and thus retain within the economy a larger share
of foreign cxchange earnings. In some Latin American
countries such deterrents, operated as part of a system
of exchange control, have often consisted of a direct
limitation (absolute or in proportion to some definition
of capital) on the total amount a foreign company is
permitted to transmit each year as dividends to its share-
holders abroad. Where the eompany is not required to
surrender all the foreign cxchange earned by the export
of metals or where a ine is a unit in one of the inte-
grated systems, dividend limitation is more difficult to
administer. In the Union of South Africa one check to the
transfer of profits has taken the form of a non-resident
shareholder tax by means of which a proportion of the

dividend outflow is channelled back to the public purse.
Morc generally, in line with the principle that the mine
that uses ils profit for reinvestment within the resource
conntry is contributing more towards development than
the mine that distributes its profit to shareholders, espe-
cially when those shareholders veside outside the country,
tax systems have been designed to impose a greater
burden on profits that are distributed than on profits
that are retained in the company, ploughed back into the
mine or reinvested in some way in the resource country.??

For the company the problem of whether or not profits
should be distributed in the form of dividends arises
irrespective of the domieile of t'ie shareholder; for the
resource country, however, therc is no a priori reason
why purchasing power should not be used as productively
by a resident shareholder as by thc mining company,
even though the shareholder may be less likely to invest
or save the proceeds.

The company’s main reason for withholding or re-
ducing dividends is usually its desire to accumulate
resources sufficient to finance its own expansion. It is
fairly common practice, for exanple, for a portion of
realized profit to be reinvested in the mine itself in order
to develop the reserve of ore in such a way that exploita-
tion can proceed smoothly and continuously and give
maximum ore extraction in the minimum time. When
one ore body approaches exhaustion, part of the reinvest-
ment process usually consists in a search for alternative
resources, if possible within the same country but if
necessary elsewhere. Herein lies some of the peculiar
strength of the large companies which have tended to
dominate the non-ferrous metal industry: their special
knowledge and skill and their international organization
equip them to reinvest in the non-ferrous metal field to
the greatest advantage and without special regard for
national boundaries.

Whether the economic development of the resource
country is advanced more by reinvestrient in the mineral
industry or by new investment in an unrelated activity
is a question that must be decided case by case. In gen-
eral, the mining company is best equipped to operate its
own particular type of undertaking, even though invest-
ment in smelting and refining facilities and associated
metallurgical works may take it far into the field of sec-
ondary industry. Where mining companies have invested
beyond the limits of the minerals industry it has usually
been in fields in which they were concerned as purchasers.
As indicated earlier in this chapter, many mines in under-

23 This poses a major problem for many under-developed coun.
tries: being dependent largely on private foreign capital (and
skill) for the exploitation of their mineral resources, they are
usually anxious nol to cut off the fuiure flow of funds by fiscal
policies which might curb the movement of realized profii below
the rate considered minimal by investors, bearing in mind the risk
and slow maluration of most mining investment, or below 1he rate
obtainable in comparable investment elsewhere. The company
itself faces a similar dilemma, for apart from the fact ihat its
principal aim is to earn profils and distribute them eventually in
the form of dividends 10 shareholders, there is a certain psycho-

logical necessity for a successful company to maintain an adequate
flow of dividends. especially if i1 intends to raise further capital
on the market from time to time.




SOME INSTITUTIONAL CONSIDERATIONS

mn

developed countrics have financed tl : construction of
facilities which in more advanced economies would be
provided through indcpendent investment. An outstand-
ing example of the ramifications of a large mining com-
pany in an under-developed economy is provided by the
copper indnstry in the Beigian Congo.

The peculiar position of Union minicre du Haut
Katanga as a highly capitalized and profitable concern
operating in a remote, under-developed part of central
Africa, with its policies influenced to a certain extent
by government participation in its direction, has tended
to widen its activities far beyond the limits of a simple
mining company. It has gradually become, in eflect, a
large development corporation,?

A successful non-ferrous ore mine is certainly an im-
portant potential source of new capital in an under-
developed economy, although exactly how this capital
may be most fruitfully used is a question which lies
outside the province of this study. To judge by the history
of the various mineral economies, the degree to which
development is likely to be furthered by the distribution
of mining profit among resident shareholders is partly a
function of the existing economic environment, including,
in particular, the status of the local capital market. In
general, the less developed the country, the more likely
it is that mining company profits will be put to better
use either by the company itself, through reinvestment
within the mining industry or in an associated field, or
by the government, through the creation of economic and
social “overhead” facilities. Investment in the latter,
whether by government or by a mining company, consti-
tutes an essential part of the development process, con-
tributing in par.icular to the building up of an economic
environment in which smaller amounts of private capital
can be more profitably employed.

Northern Rhodesia would appear to be an example of
a mineral economy in that rudimentary phase when more
diversified economic development, at least in the im-
mediate future, depends largely on government invest-
ment, which in its turn depends mainly upon taxation

241In 1951, the list of enterprises in which it held substantial
interest included the Sociéié générale des forces hydro-électriques
du Katanga and the Société générale africaine d'électricité, gene-
rator and disiribulor, respectively, of power 10 the mines and
u-ban areas of Katanga; the Sociéié générale indusirielle er chi-
mique du Katanga, producer of sulphuric and hydrochloric acids,
caustic soda and sodium chlorale, disiilled water, hydrogenated
palm oil, glycerine and, from foundry dusis, metallic cadmium;
the Compagnie fonciére Ju Kalanga, a housing and consiruciion
concern; the Minoteries Jdu Katanga, a producer of foodsiuffs and
feed; the Compagnie du chemin de fer du Katanga, owner of the
Katanga railway network, recenily amalgamated with the Leo-

ldville-Katanga-Dilolo system; 1he Compagnie marilime congo-
aise, another transport concecn interested chiefly in river ship-
ing; the Société africaine d'explosifs, operating factories at

akontine and Manono; the Exploitarion forestiére au Kasai, a
timber and saw-milling concern; the Ciments métallurgiques de
Jadotville, a new producer of fire bricks and other refractory ma-
terials; and the Société d’élevage de la Luilu, a ranching com-
pany. More directly concerned with its mining activities are its
interests in the Société de recherche miniére du Sud-Kalanga, the
Syndicat pour ’étude géologique e1 miniére de la cuvette congo-
laise and the Syndicat de recherches miniéres Bas et Moyen-
Conf—-three prospecting and exploralion concerns through
which investment can be channelled more directly into the min.
erals industry.

of mining incomes, This has been true of the Belgian
Congo, also. where the Government and the laree mining
companies have acconnted for the sreat bnlk of new
imestment, Less dependent on mitinge bt eqnally e
pendent on export activities, Maliva wonhd seem 1o be
in mnelt the same phase, Chite and Per, the HEL O pro-
dncers of non-ferrons minerals in Sontl Nmerica, appear
to be at a somewhat later stuge of developient, 1 whieh
diversifying domestic investment man also e ellcetively
promoted by public or semi-public corpor tions deviving
their financial resonrees pantly  from borrowing  and
partly from government revenue, which in turn still contes
to a marked degree from mining taxation. Mexico and
the Union of Sonth Africa seem G have reached 1he stage
when investment by government, mines and development
corporation is effectively supplemented by divect invest-
ment of privately owned domestic capital. As the nineral
economies becowe economically more mature, partly as
a result of the expansion and improved organization of
the local capital market, economic development is likely
to be much more diverse and mining capital much less
conspicuous in the flow of new investment.

In all these countries capital remains very scarce, both
in relation to need and in relation to available land and
labour, and the degree to which the profits of mining
companies are used within the domestic economy —
whether by the inines themselves, by resident share-
holders or by government —is still an important deter-
minant of the rate of economic development.

SOME INSTITUTIONAL CONSHMIERATIONS AFFECTING TIIE
DEVELOPMENT OF MINERAL ECONOMIES

The institutional background of the under-developed
mineral economies is by no means uniform; it varies with
a country’s historical growth, with its natural resources,
with the nature and size of its population and with the
way in which its ore deposits have been exploited. Never-
theless, there are a number of features common to several
of the mineral economies —the operations of interna-
tional non-ferrous metal companies and of certain other
financial and commercial institutions, for example — and
one feature that is common to all —the wasting uature
of their mineral assets. These common features are
discussed briefly in this final section.

International non-ferrous metal systems

It was pointed out in the previous section that many
major non-ferrous ore deposits in under-developed coun-
tries are exploited by foreign companies. 1t is now pro-
posed to examine some of the implications of the fact
that many of these foreign companies are branches, sub-
sidiaries or components of larger integrated international
concerns,

Although the historics of these concerns differ in many
details, they reveal a certain uniformity arising in part
from the way in which the technical an economic nature
of the flow of ore and metal tends 10 encourage and
determine the patiern of integration. If the uriginal
company was founded on a mine, expansion took the form
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of the establishment of an associated smelter and retinery,
To keep these plants rmnning at optimam rates additional
ore was olten purelased from outside mines or treated
on toll for small producers. In the conrse of time o er
nines were often acgnived or other deposits opened ap.
Metal trom the relmery was sold to established users, and
in mamy cases the trade links thos formed were later
strengthened by fimaneial links and nltimately by nnified
contvol. An integrated svstem was thus established with
a s'nelter or reficery at the centre, several mines feeding
it with vre or concentrates and a number of fabricating
or consuming plants receiving the outflow of metal. In
general, the fabricating and consuming plants were
situated near the market and hence usually in the manu-
facturing areas of industrial countries. Increasingly,
however, the mines have been located in less developed
countries, and to a certain extent smelting, and to a
rather smaller extent refining. facilities have tended to
follow them.

One of the results of the growth of these concern:- and
the expansion of the demand for the various non-ferrous
metals was an increase in the outflow of capital from
major indi-strial countries to mineralized areas — known
or conjectured — of less developed countries. In the last
decade of the nineteenth and the first decade of the
twentieth century, there were substantial investments by
United States non-ferrous metal companies in Canada,
Bolivia, Chile, Cuba, Mexico and Peru; by British in-
terests in Australia, Bolivia, Burma, Canada, Malaya,
Nigeria and Spain and later in the Rhocesias; by German
interests in Greece. South West Afvica, Turkey and Yugo-
slavia: by French interests in Morocco, New Caledonia
and Spain: by the Netherlands in the Fast Indies: and
by Belgium. somewhat later, in the Belgian Congo. In
this way, most of the larger mines in these less developed
countries not only were financed by capital raised in
the main industrial countries but also were managed by
the leading mctal companies in those countries and linked
in a very elose and direct way with established systems
of mincs, simelters and refincries,

The desire to exercise control over raw material sup-
plies became one of the main deterininants of policy of
the metal companies and also a matter of increasing
concern to governments conscious of the growing strategic
significance of non-ferrous metals. This question of cor-
trol over raw materials thus tended to emphasize the
distinction between more advanced industrial countries
and less developed mineral producing countries. In certain
respects  international non-ferrous metal organizations,
arising as they have in the main from the older com-
panies’ search for new raw material supplies to replace
depleted or inore costly domestic sources, reflect the
disparity between levels of economic development attained
in different areas. Industrially advanced countries, with
their large metal companics and their wider experience
of the most effective techniques of geological survey,
.nechanized extraction and treatment of ore, have been
the natural source of the capital and skill that are nec-
essary to locate and mine any ore hody which is more

than « surface pocket or placer. Thns, indnstrially ad-
vanced countries have tended either to draw off the ore
for smelting i their established metallyrgical industries
or to supply the capital and skill that are necessary to
build and operate smelting facilites in the country when
the vesonree is located. industrial countries are also
natural markets for the resultant metal, for it is likely
to he used on onlv the smallest scale in the under-
developed eountry of its origin.

Historically, therefore, the non-ferrous metal systems
have spread from the indnstrial countries to the less
developed countries. Hence, although nuinerous branches
have heen established, with smelters and refineries, in
under-developed countries, in general the integrated sys-
tems are still heavily weighted by their interests in the
industrial countries. This reflects both the centre of
gravity of capital ownership and also the technical ad-
vantages of the industrial environment. not only from
the point of view of operating a mine or a refinery, but
also from the point of view of marketing the product.

Nevertheless, less developed countries have become
increasingly involved and increasingly important in the
various non-ferrous metal systems. In some cases this
has becn the result of the opening up of new deposits
which, as indicated in chapter 3, followed the attempts
of established producers to exercise control over the
markets for a particular metal. In other cases it has been
the inevitable consequence of the exhaustion of ore re-
sources in industrial countries, several of which have
become almost completely dependent on imports for their
non-ferrous metal supplies. The result, at least so far as
the larger non-ferrous mines are concerned, has been
to make the autonomous unit the exception rather than
the rule in under-developed areas: in most cases the local
industry is directly or indirectly part of one of the
integrated international groups of mines, smelting and
refining facilities, and fabricating plants,

The level of activity of such a group tends to vary
with the demand for its final products, which in turn is
a function ~f the general level of expenditure and invest-
ment, primarily in the industrial countries. Refinery
operations are governed by the metal requirements either
of the group’s own manufacturing plants or cf more or
less closely associated industrial consumers. In their turn
refinery operations determine the intake of raw metal,
whether from primary or secondary sources. The demand
for primary metal regulates the activity of the smelters
in the system and this in turn ultimately dictates the rate
at which cre is mined,

Several of the non-ferrous metal systems — that of the
Anaconda Copper Company, for example — are more or
less self-contained, mining output being geared to smelter
and refinery capacity and refinery output geared to fabri-
cating capacity. A change in the demand for manufac-
tured products thus affects the whole system, though
each refinerv-centred branch may be affected differently,
depending to a large extent upon its marginal cost. In
general, the branch w1 which the marginal cost of the
refined metal is low is likely to be expanded to meet an

_
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increase in demand, the branch in which the marginal
cost is high is likely to be contracted to meet a decrease
in demand while, irrespective of changes i demand.
forces operate within the system tending to equalize
marginal costs. In these circumstances, the broad eriterion
of success is the degree to which the net returns of the
system as a whole are maximized. There is in general
much less concern about the naintenance of optimum
rates of production or the attainment of optimum levels
of extraction in any one unit than there would be if that
unit were completely autonomous.

Because of the opportunities it gives for the sharing
of technical experience, for reducing the levels of in-
ventories held at each stage of production and for close
co-ordination of activities in each constituent unit, the
integrated form of organization presents a number of
advantages for the efficient operation of the industry.
Policies directed towards maximization of the net returns
of the group as a whole, however, may lead to wudjust-
ments less favourable to particular components and more
favourable to others than might have been the case if
these had been autonomous units freely competing and
co-operating,

There may, for example, be a tendency to concentrate
output adjustments upon those mines possessing the
best grade of ore, which, in general, are more flexible
production instruments than the mines with lower-grade
ore. In the limiting case, some of tae lowest grade ores
can be worked at a profit only on the basis of con-
tinuous mass extraction and treatment. The degree to
which the rate of exploitation can be varied is very
narrow; an increase involves the expansion of all bene-
ficiation and processing facilities, a decrease soon raises
average costs to the point where it becomes commercially
preferable to close the mine altogether. Where richer
ores are being mined, by contrast, average costs seldom
change so quickly in response to changes in the rate of
extraction; if selective mining is practised the average
grade of the ore actually extracted provides another
variable through which adjustments can be made. Within
the group such adjustments are not necessarily influenced
by the nationality or location of the component elements,
except in so far as these are reflected in cost — as addi-
tions to transport charges or tax bills, for example — or
in strategic considerations which might give nearby
resources an advantage over those that are more distant
and less secure.? Many of the higher-grade ore bodies,
especially in the case of copper, are, however, located in
less developed countries in which changes in the rate of
extraction might be expected to have their greatest in-
cidence and, because of the importance of mining in the
economy, exert the greatest secondary effect.

25 Long-run sirategic consideralions may rul across rcost criteria.
There may be a 1endency 10 regard domesiic mines, irrespeclive
of their cosi sialus, partly as a stralegic reserve 10 be developed
fully but exploited only when inernal requirements cannol be me
convenienlly and cheaply from foreign sources. This was une of 1he
suggestions of the Presideni's Maierials Policy Commission, bui
it is doubnful whetlier it has had much influence upon mining
development in 1he Uniled Siales.

Within a given group, in other words, the constituent
clements of a mine-smelter-rehnery-fabvicator svstem tendd
to be regarded not as independent variables but as inter-
dependent parts. Whether a vew ore bodv shonld e
exploited or an operating mine developed more or less
rapidhy is decided ot necessatily in the light of the raw
material or hinancial needs of the cconommy in which it
happeus to be <itnated. or even of the velative prade or
potential prohtability of the mine itself. but vather in
accordance with the technical and financial requirements
of the whole non-ferrons metal oreanization of which
it is a member. The development potential of the Cananea
mine in Mexico, for example, is inevitably aflected by
the fact that it is a tributary of the Raritan rehnery in
New Jersev. A change in the rate of mining at Cananea
would involve not only a change in the thronghpnt of
the Cananea smelter but also new arrangements at the
Raritan refinery, which would, in turn, affect to a greater
or lesser extent all its various other trilntaries. the
Andes Copper Mining Company at Potrerillos, the Miami,
Castle Dome and Inspiration mines in Arizona and the
Chile Exploration Company at Chuquicamata. as well
as the intake of scrap; and in the last resort the change
presumably would be acceptable only if, according to the
criterion of net returns, it benefited the system as a whole.

In general, therefore, the fact that a mine in an under-
developed country forms part of an international system
often based technically on facilities in an industrially
advanced country and almost invariably hased financially
on an organization whose dominant interests are in the
advanced country means that the dynamics of mining
operations (and even more of smelting, refining and
fabricating) are governed less by the net returns of the
mine itselfl or of its ancillary works than Iy the technical
requirements and financial results of the branch of the
system of which it is part, or even by the prohitability
of the system as a whole. Thus, irrespective of its potential
ore resources, a feeder mine may he developed no more
at a given slage than is warranted by the capacity of
the plant which it has been designed to serve with ore
or cancentrates, Conversely, a very close link Detween
the intake of a particular smelter or refinery and the
output of a particular mine nay result in a rate of ex-
traction whiclh differs significantly from the optimmm and
may involve the ultimate sacrifice of ore reserves which
might otherwise have extended the effective life of the
mine,

The maintenance of an equilibrium between fabricating
plants, refineries, smelters and mines which viclds opti-
mum results for the system as a whole may thus leave
a particular mine in a less developed countiy, and perhaps
its smelter, either with an nnused potential capable of
considerable expansion, or with reserves which might
have been more effectively exploited lhad the rate of
extraction been adjusted to allow for maximizing the
total amount of ore removed, In a livpothetical case of
this nature the rationale of an iuereass in the rate of pro-
duction or of attempts to lengthen the hfe of the iine
lies in the concomitant effects on the developnent proeess
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in the resource country. This would require that greater
importance be attached to needs and opportunities within
the under-developed country  and  somewhat less to
changes in world market conditions that affect chietly the
position and interests of the international non-ferrous
group as a whaole,

When narket conditions call for a cuthack in output,
marginal supplies of ore purchased from independent
mines are likely to be eliminated first. Where a system
has to reduce its own mine production, however, cost
criteria have to be weighed not only against technical
considerations but also against the somewhat less tangible
psychological forces which govern relations both with
mine personnel and with the public at large. As a result,
a lower-cost mine in an under-developed country might
have to sustain a relatively greater reduction in output
than a poorer contributary mine located in the industrial
country from which the system as a whole is controlled.

In this way the participation of a local mine in an
international non-ferrous metal organization may involve
the loss of a certain amount of the influence the govern-
ment of the under-developed country might otherwise
expect to exercise in regard to decisions about production
and sales, about where the ore should be processed,
about reinvestment of profits and about numerous matters
of mining policy and administration in which there may
be a divergence between the interests of the resource
country and those of the system of which the particular
mine forins a part. This is likely to affect the development
potential of the mine, especially if the group of which
it has become a contributing part holds a dominant
position in world production.

By bringing an element of the market within the
organization formed by mines, smelters and refineries,
on the other hand, integration has probably helped par-
ticipating units to reduce some of the risks of fluctuating
demand and price which have characterized the non-
ferrous metals industry. The integrated system tends to
have a certain economic resilience which any single mine
is likely to lack. Thus it is able to plan and distribute
changes in output to avoid the mutually reinforcing
fluctuations in inventories which tend to occur at different
points in the normal distribution system and hence can
adjust its rate of activity more readily to changes in
demand. In so far as assuring a more regular sales outlet
and reducing inventory fluctuations tend to increase the
stability of the market for the individual mineral
producer-member of the system in an under-developed
country, this in itself should permit sounder mining
practice aud more economical exploitation of the ore.
Nevertheless, the group as a whole remains dependent
upon outside demand for fabricated products; if this
falls drastically, major adjustments within the system
cannot be avoided. and in the interest of the group as a
whole these might entail heavier burdens on particular
components than would have been incurred had the units
in question been competing independently on the open
market.

Whether, over a long run, the development potential of
a non-ferrous mineral resource in an under-developed
country is raised or lowered by being thus integrated
into a foreign-based system is a question to whieh no
a priori answer can be given, Without the skill and
capital made available by major metal concerns some
of the ore resources of under-developed countries would
probably not have been exploited at all. Moreover, a
mine in an under-developed country must in any event
sell all or almost all its output on an external industrial
market. The tess the degree of beneficiation undergone
by the ore, the more confined are its marketing oppor-
tunities likely to be, since the plants equipped to process
it are fewer and the relative cost of transport is higher
than in the case of refined metal. In general, there is
evidence of mutual concern on the part of producer and
consumer of non-ferrous metals to establish a working
connexion, the former to assure a steady market for his
product and the latter to assure his supply of raw ma-
terial. Since consumecrs of the major non-ferrous metals
operate very largely if not entirely in industrially more
advanced countries, the independent producer in an
under-developed country is at a disadvantage in effecting
such marketing arrangements. As a participant in one
of the major metal systems, however, the producer
probably strengthens his marketing position.

So far as the world market for non-ferrous metals is
concerned, however, the activities of the major systems
are not necessarily stabilizing in their effects. Indeed, it
would appear that attempts to increase stability within
these more or less self-contained systems have tended to
narrow the outside market and hence indirectly induce
somewhat greater fluctuations. To that extent, autonomous
mines in less developed countries, being so heavily
dependent upon the world market, are in a particularly
vulnerable position. Because, in the last resort, both the
autonomous mine and the group tributary —and for
that matter, the under-developed country itself, in the
utilization of its non-ferrous mineral resources — are
governed by the market for the metal and its products,
the desiderata of their several policies are not necessarily
incompatible. Although the development policy of an
under-developed country is likely to be guided in the
main by internal requirements and domestic resources,
while the policy of the metal system in respect of its mine
and its reduction and refining facilities in that country
is usually based on a completely different set of consid-
erations — most of which have their genesis not in the
resource country but in the relationships between com-
peting and co-operating elements in the international
group — reconciliation is usually possible either through
appropriate fiscal arrangements or by special lease or
other agreement between the mining company and the

government of the country in which the resource is
located.

Mining banks

One of the principal influences on the development
potential of the non-ferrous metal industry is the efficiency
with which ore deposits are worked. Where deposits
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are small and scaltered, as are some of the copper ores
in Chile, some of the tin ores in Bolivia and Malaya.
most of the antimony ores in Mexico and most of the
tungsten ores in Southern Rhodesia, mining operations
are necessarily organized on a small scale. Many of these
small-scale  mines, however, cither through lack  of
knowledge and skill or, more frequently, through lack of
capital, are worked at a lower level of efficiency than is
inherent in their nature,

I mining credit were more readily available, the efi-
ciency of these small workings could doubtless be raised
substantially, while in manv cascs an investment in
facilities serving a number of properties would improve
the rate of extraction and make possible a greater degree
of local processing. High metal losses in “fines”, for
example, are often tolerated because of the relatively
heavy capital cost of recovery plants for treating slimes.
Where a single working might not have a throughput
large enough to justify such a plant, it might be eco-
nomically feasible to have the plant shared by a group
of workings. This would probably require not only a
suitable co-operative organization but also a geological
knowledge of the region sufficiently detailed to enable
both workings and plant to be properly located.

The capital costs of survey and plant would require
outside financing, and this is one of the functions that
might well be carried out by a mining bank, to the
advantage of both the miners and the economy as a whole.
Similar arguments might be advanced for assistance in
the establishment of facilities for finer milling than can
normally be carried out in small plants, at least in areas
where this would make a significant difference in the
average rate of extraction. To meet the needs of the small
independent mine, in recent years several governments,
especially in Latin America, have set up mining banks
of this nature. Such banks helped to finance the central
copper smelter in Chile and the pilot tin smelter in
Bolivia, for example,

The Banco Minero de Bolivia, established in 1936,
draws its funds frem the central bank and the Govern-
ment, and has been mainly concerned with marketing
the output and supplying the credit needs of small mines.
Before 1936, most of the small mines had sold their output
of ore to an intermediary group known as rescatadores,
who not only undertook the export of concentrates but
also sold stores and materials to the mines and often
assisted them with credits. The rescatadores actually
received quota allocations during the period of tin con-
trol. After 1936 many of their functions were taken over
by the Banco Minero, a.d in 1939 the rescatadores
were eliminated altogether when the bank was granted
exclusive rights to handle the tin output of the small
mines. In 1936 it handled 2 per cent of the country’s tin
exports; by 1949 the proportion had increased to 16 per
cent; and in 1952, when the three major companies were
nationalized, the bank became the sole exporter of tin
until the Corporacién Minera de Bolivia was formed to
take over their operation on behalf of the Government.
In recent years it has initiated the exploitation of new

copper and tin deposits and in 1933 it besan o sturvey of
iron and manganese yesonrees,

he Chile, the Caja de Cridito Minero was established
i 1927 and the hnstituto de Fomento del Norte in 1935 —
both concerned with providing evedit to <mall miners
and improving their marketing facilities, The bank was
hnanced by govermment contvibutions and bank loans,
but it was not until it gained 1he support ol the Cor-
poracion de Fomento in 1950 that it wa~ able 1o eren
a sizable copper and gold smelter for the use of small-
scale miners.

The mining industry of Turkey has veceived o certain
amount of assistauce from the Fti Bank, but the functions
of this institution, like those of the Baneo de Crédito
Industrial in Argentina, are rather wider than mining
finance.

Though mining banks are not designed o assist in
the diversification of the local econony — exeept, per-
haps, by helping to organize and finance the further
processing of locally mined ores —they might well play
a more important part in the domestic capital market by
helping to mobilize local capital for the mineral industry,
in addition to the part they have so far played as dis-
tributors of credit provided by governments.*

Other financial and commercial institutions

One force militating against the econontic development
and diversification of certain under-developed mineral
exporting countries has heen a tendeney for parts of the
institutional framework, particularly in the commercial
and financial sectors, to become rigid and unadaptable.
In one or two countries, this lack of flexibility may be
ascribed to close ties that exist between the local niining
industry and the large international coneerns referied to
earlier in this section, but it extends beyond this relation-
ship. Local financial institutions, particnlarly banks, tend
to specialize in transactions of the established type:
financing export shipments of melal or ore amd import
shipments of manufactured commaditios — mining stores
and consumer goods. Although in general mines with
foreign connexions have at least their longtevm, and
often their short-tern, capital needs wet by parent or
associate companies, local finaneial institutions may par-
ticipate in the financing of a new mining ventnve, bat
rarely do they finance activities ontside the narrow fickls
of mining and trade in mine products and stores, This
is one reason why development corporations with funds
provided by the government, as in Chile or the Union of
South Africa, have usually concentrated on secoudary
industry — a field that tends to be neglected by the less
flexible financial institutions connnon to mineral econo.
mies during the early stages of economic development.

2[5 several less developen mineral coonomies, large mining
conccrns have often bad man credin at theic disposal thar the
governmenl, and in at leasl one case - Holivia  1he mines bave
occasivnally becone lenders to the Government, eahier by graniing
it an advance un future lax payments or by subseribing 10 4
short.term loan pending the issue of longerterm bonds on the
oversea capital market.
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In some of the mineral economies, Bolivia and Northern
Rhodesia. for example. the mining concerns organize
and cary on most of their own import trade. This also
tends 1o result i a certain institntionab rigidity. which
militates azainst experiment and  diversification. Fven
when the import trade ix in the hands of independent
merchants, however, the degree of Rexibilits may not be
much greater, Forin mueh the same was . the commereial
vrganization built around the relatively large and con-
centrated market which the mines constitute in several
nnder-developed conntries also tends to aequire an inertia
leading it 1o oppose changes in the pattern of trade in
which local merchants devive the bnlk of their income
from acting as distributors of imported goods. Moreover,
merchants with an established interest in import trade
tend to oppose tariff. protection nnder which a domestic
industry sclling directly to the mines might be establishcd.

The normal tendency of mining companies to resist
changes which threaten to increase their working costs
also contributes to institutional rigidity. In general, so
long as there is no immediate possibility that the changes
will result in a rapid and sizable increase in the domestic
consumption of their products, export industries — non-
ferrous mines not least among them — naturally tend to
be mueh more concerned about holding down costs in
order to eompete sucessfully on international markets
than about developing the economy by competitive in-
vestment in other fields. The fear that such investment
will occasion increased costs arises on two distinct
accounts, First, there is the possibility that in order to
protect local industry customs duties may be imposed
and other measures enacted that would tend to raise the
price of products bought by the mines. Secondly, there
is the probability that the establishment of domestic in-
dustries will result in greater competition for local factors
of production, partieularly labour, thus raising costs.?
Whether or not these fears are justified.?® their existence
constitutes an impediment to change and therefore to
economic diversification.

In such ways the traditional institutional structure of
the mineral economies sometimes tends to impede the
process of economic experiment and diversification.
Established institutions, unless they have been set up
especially for the purpose of initiating changes, inevitably
tend to follow rather than direct the process of economic
development. In general, therefore, instituti. .1l factors
in under-developed mineral economies have tended to
preserve the status quo rather than assist in reducing the
dependence of these countries on ore and metal exports
by diversification of investinents and production,

27 In the Union of Semh Africa, the mines have 1ended 10 avoid
1he full elfeer of the higher wage rales induced by 1he competition
of other emplovers, partienlarly in secondary indusiry, by inecreas.
ing depemdence ov immigran labour,

28 There are mavy examples of local indusities in developing
economics which have in due course produced goods a1 lower
prives than those queted for imported producis, and in 1lie long
run the growth of a domestic marker for the owrpnt of non-ferrous
melal mines depends on the muhiphication of such indusiries.

Government responsibility for a wasting asset

Mining dilfers from wmost other forms of ecconomic
activity in that it involves the exploitation of a non-
renewable resonree of strictly limited if not precisely
known magnitnde, On the one liand. the valne of an ore
deposit is reabized only when it s exploited but, on the
other hand. as a wasting asset it ultimately becomes nore
and more difficult or costly to work and, in the end,
after the removal of all paying portions, a residue is left
which has no economic signilicance. The value of a de-
posit is relative, not absolnte, and no body of ore can
be defined in terms of an exploitable life of a specified
number of years. The length of a mine’s life obviously
depends on a number of variables, among which the
extent and grade of the ore hody, the technique of mining,
the rate of exiraction. the trend of metal prices. and
the cost of mining and smelting the ore are probably
the most important,

Nevertheless, the life of a mine is limited in a much
more definite way than the life of a factory. As a “devel-
opment industry”, therefore, mining must measure its
success not only by the profit it earns for an owner or
the wage it pays to its labour force or the contribution
it makes to the public revenue, but in the main by the
extent to which the purchasing power it generates while
the ore is being extracted during its life is used directly
or indirectly to create more lasting or renewable assets
which are at least as productive of income as the mines
themselves. This is not an argument for setting aside
definite amounts of mine revenue for specific forms of
alternative investment. What is important, however, is
that, at least in a public programme of expenditure, the
rate and direction of investment should be determined
in full knowledge of the transience of mineral resources
and the revenue being currently derived from them.

The concepts of obsolescence and replacement are
applicable to natural and man-made assets alike. What
distinguishes a mineral deposit from any other asset
worn out or depleted in the course of its use, is the fact
that the latter is always repiaceable by something that
is its functional equivalent and often by an asset which
is actually more productive. In the case of an ore body,
by contrast, the only replacement that can be effected
will necessarily be of a different nature, and the ex-
haustion of a particular deposit may well mean the end
of the country’s ability to produce the metal in question,

The Cornish mines in England were once the world’s
leading producers not only of tin but also of tungsten.
Most countries in the “old world” have worked out their
major non-ferrous metal deposits and have long since
become dependent — partially if not entirely — upon im-
ports. Even in the “new world” ghost towns are not
unknown memorials to vanished mineral resources.

In economic terms, the exhaustion of a mineral resource
makes necessary a change in the pattern of trade; markets
must be found for the products of such substitute assets
as may be created during the life of the mine. Here
again this creales a special problem for the under-
developed country from which the output of ore or
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metal was all (or alinost all) exported, since it is unlikely
that the products of such assets as were built by the
investment of revenue derived from the mine will be
saleable in the same markets as the mineral. Indeed,
they may not be exportable at all, in which case the
country will suffer a reduction in its foreign exchange
receipts — either gradual, if mine production declines
slowly as it nears exhaustion, or sudden, if mine oper-
ations cease abruptly when unit costs reach an uneco-
nomic level. In the case of some of the mineral economies
the decline in export earnings might be of major
dimensions.

In theory such a situation might be avoided if the
mine were treated as an exhaustible development enter-
prise and an investment policy pursued, either through
the medium of government or through the shareholders,
that during the expected life of the mineral deposit created
manufacturing or other undertakings yielding at least
the equivalent export revenue or saving at least the
equivalent import expenditure. As a matter of policy,
kowever, it may not be desirable and in practice it may
not be possible for a mining company to map out a
compensatory investment policy confined to the use of
funds generated by the mine, partly because, in normal
circumstances, the type of investment likely to serve the
desired purpose is unlik.iy to appeal to shareholders,
especially if they are noa-resident, unless, indeed, it takes
the form of renewed geological exploration to discover
new ore reserves permitting a continuation of mining
operations and postponing the day of exhaustion.

Resident shareholders may be somewhat more willing
than foreigners to pursue the required investment policy,
and in some of the more advanced mineral economies,
such as Chile, Mexico and the Union of South Africa, a
good deal of the revenue from the mines has in fact
found its way into other forms of investment which,
though seldom contributing significantly to export earn-
ings, have often achieved appreciable savings in imports.
In these countries, mining has accounted for a steadily
decreasing proportion of the gross national product, even
though its contribution to export earnings is still pre-
dominant. In this connexion, the post-war transfer of
the headquarters of a number of British non-ferrous
mining companies from London to the place of oper-
ations may tend to enhance the development potential
of these companies, for local investment opportunities
are likely to be given more careful consideration by
directors living in the under-developed country and
familiar with its needs and progress than by directors
operating in the country which happens to provide most
of the company’s capital.

In general, however, it requires government action to
offset the consequences of the limited and non-renewable
nature of a country’s mineral resources, even though in
many under-developed countries the disproportion be-
tween receipts and needs often makes it difficult for
governments so to frame their general hudgetary policy
as to devote an appropriate share of tax revenue for
purposes other than current expenditure of a non-

developmental nature. The problem of budgeting — in
under-developed wineral cconomies. as elsewliere — ob-
vionsly transcends the allocation of funds detived from
mining taxes but it is alwayvs likeh to be inflnenced by
the temporary natare of this source of revenne,

In point of fact, the principle of using for develop.
mental purposes revenne derived from tases to which
the mining companies are wajor contributors has been
recognized by a wnmber of nnder-developed  nimeral
economies. Countries such as Bolivia and Northern
Rhodesia, whose public revenne comes directly or indi-
rectly almost entirely from won-ferrous mines, have little
choice in the matter of using wining taxes for admin-
istrative and other carremt expenditnres, bt even they
are tending to increase the proportion of government
expenditure used for investment purposes while in some
of the other countries in which mining plavs an Hmpor-
tant part mining taxes have from time to time been spe-
cifically allocated to special developmental purposes.

In Chile, at the turn of the last century when the nitrate
industry was enjoying great prosperity, almost all gov-
ernment expenditure, capital as well as current, was
financed by the export tax on iodine and saltpetre, sup-
plemented by import duties. Later, in the nineteen
thirties, income taxes, to which the copper mines con-
tributed a substantial proportion, were allocated to the
Caja de Amortizacion and the Corporacion de Fomento
de la Produccién, to the former for servicing the ex-
ternal debt and to the latter for use as development
capital. Subsequently, however, with the decline in the
relative importance of income taxes as a source of re-
venue, they were absorbed in the general budget, from
which a special contribution was made to the Corpora-
cion, Most of the receipts aceruing from the exchange
differential on copper exports were devoted to snbsidiz-
ing essential imports; thus during the nineteen thirties
and nineteen forties only a small fraction of the revenue
from mining taxation was used directly for development
purposes as agaiust the improvement of administration,
health and education and other indirect developmental
purposes.

In post-war years. a sizable part of the capital expen-
diture under the development plans of several less de-
veloped territuries —the Gold Coast and Tanganyika,
for example — ha~ heen financed from current taxation.
Similarly, the ten-year (1917 to 1956) programme in
Northern Rhodesia is being financed, according to the
1951 revision, to the extent of some 57 per cent, or £2005
million, from ordinary revenue, the bulk of which accrues
from income taxes paid by the copper wines, In the
Union of South Africa. the principle was established in
the nineteen twenties of crediting a certain portion of
mining taxcs from lease revenuesy tu a loan aceoumt
which was reserved for capital purposes. such as the con-
struction of irrigatton dams, on the explicit ground that
such tax revenue was derivesd ultinately from using up
part of the nation’s capital resonrces. And, us indicated
above, a goud deal of public investment in highways and
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railways in Malaya was financed from the tax on tin
exports.

The primary responsibility for investment in activities
outside of mining which will ultimately replace functions
of the mine in generating and distributing income evi-
dently rests on the government of the under-developed
mineral economy. This responsibility is discharged in the
first instance through its fiscal policy, not only by means
of appropriate spending on capital assets which will raise
the level of national income but also by sppropriate

methods of taxation which will induce the most thorough
and efficient exploitation of the country’s mineral re-
sources on the one hand, and encourage investment in
suitable replacement industries on the other. Where the
financial and commercial institutions operating in the
economy are oriented too narrowly around the mineral
industry and its associated foreign trade, the government
may also have to take the initiative in stimulating invest-
ment in activities of a compensatory nature by the cre-
ation of public and semi-public agencies through which
the process of economic diversification can be accelerated.
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72.75

scrap, 24, 25
taxes, 68.69
see also Bauxite
Aluminium ore, see Bauxite
Angola, 81, 103
Antimony
consumption, 6, 10, 20, 23
international trade, 35-37, 93.99
mining, 58; organization, 121; price fluctu-
ations and, 97, 98
price, 26, 93-99
pr;guction, 25.26, 29-34; fluctuations, 93-

scrap, 24
taxes, 68-69
Argentina
aluminium, 74, 75
consumption of non-ferrous metals, 36, 60,

, B8,

copper, 80, 81

international trade in non-ferrous metals,

60, 80, 81, 85, 88, 92
lead, 47, 84, 85
tin, 85, 88, 92
tin plate, 88
tungsten, 60, 97
zinc, 70, 89.91, 92
Asia
sluminium, 69.70
consumption of non.ferrous metals, 6, 7,

copper, 40, 7879
im‘gnnionll trade in non-ferrous metals,

production of non-ferrous metals, 30, 31-

32
tin plate, 88
see also specific countries
Australia

aluminium, 75

Australia (continued)

Austria

Balance of payments, 115-16

Banco Agricola, Bolivia, 106

Banco de Crédito Industrial, Argentina, 121
Banco Minero de Bolivia, 121

Banks, mining, 120-21

Bauxite

Belgian Congo

Belgium

Beryllium, 6, 33
Bolivia

INDEX

consumption of non-ferrous metals, 23, 31,
36-37

copper, 40, 78.79

international trade in non.ferrous mietals,
lead, 31, 4547

railways and mining in, 104

zine, 31, 51.54, 89

aluminium, 39
antimony, 32
zine, 51-54

consumption, 20

international trade, 35-37

mining, 58, 108

price, fluctuations, 93-99

production, 25-26, 29-34, 72.73; fuctua.
tions, 93.99

taxes, 108

copper, 29, 41, 4243, 44, 57, 77.78, 80-8]

fuel and power resources, 65

government mining investment, 117

internationsl trade, 37, 80-81, 85, 109

local industries, 106

mining, companies, investments of, 117;
employment, 100, 102; importance, 55;
railways and, 103; wages, 100; work.
shops, 105

prospecting, 57

taxes, 109, 111

tin, 29, 31, 32, 48, 49, 67, 69-70, 85, 89.91

zinc, 70, 89, 91

consumption of non-ferrous metals, 19

copper, 41

international trade in non-ferrous metals,
35.36, 37, 85

lead, 45-46

mining investments in Belgian Congo, 118

taxes, 67

tin, 85

zinc, 51.54, 89

balance of payments, 115

copper, 69, 78, 81

fuel and power, 65

international trade in non.ferrous metals,
37, 85, 84, 85, 102

lead, 47, 69, 81.83, 84

mining, banks, 121; company purchases,
106, 107; employment, 100.101; ex-
change control and, 109; transport and,
104-105; \;lges, 100, 102
rospecting, 57

faxup.wﬂ. 107, 108-109, 111, 123

tin, 299, 31, 4748, 49, 64, 69-70, 85, 68,
7
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Bolivia (continued)
tungsten, 97
zine, 51.54, 70
Brazil
aluminium, 73-75
consumption of non-ferrous metals, 36, 60,
copper, 81
international trade in non-ferrous metals,
60, 81, 85, 88, 92
lead, 84, 85
manganese, 60
prospecting, 57
tin, 85, 88, Y2
transport and mining, 103, 104
British Guiana, 73-75
Burma
aluminium, 75
lead, 45, 47, 81-84
tin, 4748, 69.70, 85
tungsten, 30
zine, 51.54

C

Cadmium

international trade, 35-37

use, 6, 10
Caja de Amortizacién, Chile, 123
Caja de Crédito Minero, Chile, 121
Cameroons, aluminium smelting in, 74
Canada

aluminium, 31, 39, 73, 75

cobalt, ore, 30

consumption of non-lerrous metals, 19, 23,

31, 36.37, 81, 88
copper, 40, 41, 42, 44, 7819, 81
international trade in non-ferrous metals,

n
lead, 45-47
nickel, 31, 34
prospecting, 57
tin plate, 86, 88
zine, 31, 51-54, 89
Caribbean mining, 58
Cartels, sce International control
Cassiterite, 58, 63, 64
Chile
balance of payments, 115
copper, 29, 31, 40-44, 58, 59, 61, 67, 75-78,
79.80, 81, 97, 108
fuel and power, 65
government borrowing, 116
international trade in non-ferrous metals,
37, 60, 80, 8485, 48, Y2
lead, 84-85
manganese, 60
mine profits, use of, 115
mining, banks, 121, development corpo.
rations, 121; development process and,
117; employment, 100, 101; exchangs:
control and, 109, 110; financing, 113n;
importance, 55; investment policies, 123,
price fluctuations and, 97, 98; railways
and, 104; techniques, 58, 59; water sup-
plies and, 105
prospecting, 57
taxes, 67, 107, 108, 110, 111, 123
tin, 88, 92

»
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China, mainland
antimony, 30, 97
tin, 31, 8H.87
tungsten, 30,

China: Taiwan
aluimuam, 39, 72.75
copy rr, 81

Chronite
consumption, 6.8, 23
mining, 58
price fluctnations, 93.99
production, 29-34; fluctuations, 93.99

Chrominm
consumption, 6, 8, 10, 21
import of, in United Sates, 35.37
price, 26
production, 25.26

Cobalt
consumption, 8, 14-19, 21.23
import of, in linited States, 35-37
production, 29-34
taxes, 109

Colombia, 80

Colombite, ore deposits, 33

Columbium, use, 6

Combined Raw Materials Board, 43, 49, 52

Consumption, 6.25
see also specific metals, countries or re-

gions
Control schemes, 38-54, 117-20
Copper
consumption, 6-8, 10, 14.19, 20, 23,
43, 70.71, 80-81

international control, 39.44

international trade, 35-37, 80

prices, 14, 26, 27, 40, 4142, 43-44,
fluctuations, 93-99

production, 25.26, 29.34, 39-44, 61,
65, 69-70, 75.81; Buctuations, 93.99

scrap, 24, 25, 40

taxes, 67-69, 108-11

transport of concentrates, 63

Copper Export Association, 40-41

Copper Exporters, Inc., 41

Corporacion de Fomento, Bolivia, 106

Corporacion de Fomento, Chile, 88, 121,

Corporacion Minera de Bolivia, 121

Cuba
copper, 69, 78, 81
fuel and power, 65
international trade in non-ferrous metals,

37

nickel, 32

Cyprus
copper, 69, 78, 81
fuel and power, 65
mining, importance, 55

Czechoslovakia, zine production, 51-54, 89

D
Defense  Materials Procurement  Agency
{United States Government), 113
Denmark, 24
Depression, mining and, 97, 102

Development, effect of mining and smelting,
93-124

31

123

E

Economic Cooperation Administration
(ECA), 32

Ecnador, 80

Egvpt, 81, 85

FI Salvador, 85

Enmployment in mining, 3-4, 99-103

Eti Bank, 121

"’.Ilnlu'
consumyption of non ferrous metals, 6, 7, 88
output of nou-ferrons metals, 31-32, 4, 88
see also spevihic comtries
Europe, western
alnmininm, 75
antimony, 30
conswmption of non-ferrous metals, 19, 23
copper, S0, TR-TY
ore discoveries, 55
production of non-ferrous metals, 30
tin plate, 86, 88
tungsten, 30
zine, 89
see also specific countries
Furopean Zine Cartel, 51
FExchange control, mining and, 108, 109-10
Exploration, survey and, 5558
Export Association, Copper, 40-41
Export-lmiport Bank, 32, 113
Exports
proceeds, 113-16: fluctuations, 93.99
taxes, 107-108, 109, 111

see also specific metal: international trade
F
Finland, 31, 51.54
Flotation, differential, 64

Foreign Operations Administration (FOA),
32

Formosa, see China: Taiwan
France
aluminium, 39
consumption of non-ferrous metals, 14-19,
31, 34
international trade in non-ferrous metals,

lead, 45-46

zine, 51.54, 89
French Equatorial Africa, 32, 84
French Guinea, 74
French Moroeco, see Moroceco, French
French West Africa, 72-75
Fuel, sce Power

G

General Agreement on Tariffs and Trade
(GATT), 52
Geological exploration, 57-58
Germanium ore deposits, 33
Germany
aluminium, 39
capper, 41
lead, 45
stockpiling, 9
zine, 51.54
Germany, castern, USSR imports from, 31
Germany, western
aluntinium, 32
consumption of non-ferrous metals, 14.19,
4

international trade, 35.36
scrap consumption, 24
Gold Coast
alumininm, 72.75, 105
fuel and power, 65, 105
taxes in, 108, 123
transport and mining in, 104
Grecce
aluminiuim, 73
bauxite, 32
zine, 51.54
Gnatemala
lead, 32, 84, 85
zine, 90

)]

Honduras, 81, 83
Hungary, 31, 39, 73

1

1M, see International Materials Conference

Iiports
by mining companies, 121.22
sev alse specific metals: international trade

India
alumimium, 30, 72.75
copper, 78, 81
demand for non-ferrous metals, 36
international trade in non-ferrous metals,
o, 81, 85, 88, 92
lead, 834.85
manganese, 60
«melting and refining, 7
taxes, 111
tin, 48, 88, 92
zine, YO
Indochina
tin, 88
tangsten, 30
zine, 51.54, 89
Indonesia
aluminium, 72.75
bausite, 30
copper, 81
gn;'(i'gnmen! participation in mining, 111,

{ead, 85
taxes on mining, 111
tin, 29, 31, 32, 48, 49, 69-70, 85.87, 88, 89

Institutional considerations, metal industry
and, 117

Instituto de Fomento del Norte, Chile, 121
lmer:sational Association of Lead Producers,

75, 78, 84, %0

International control, 38-54, 117-20
aluminium, 39
copper, 40-43, 44
lead, 44.45, 47
tin, 47.50
zine, 45, 51.54

International Materials Conference (IMC),
26

copper, 43

lead, 47

zine, 52
International Sales Association, for lead, 44
International Tin Agreement, 49.50, 9
International Tin Committee, 47-48
International Tin Councll, 49.50
international Tin Study Group, 48-49
International trade, 34.37

see also specific metal or country
International Zinc Cartel, 51
International Zine Syndicate, 51
Iran, 8]
Isracl

aluminium, 73

copper, 81

lead, ¥5
haly

aluminium, 39

antimony, 32

cadmium, 32

consumption of ron-ferrous metals, 19

international trade in non-ferrous metals,

35.36, 37
lead, 45.36
zine, 32, 51.54, 89



INDEX

Jamaica
aluminium, 7375
bauxite, 32
Japan
aluminium, 30, 39, 73
consumption of non-ferrous metals, 6, 7,
1419, 23, 88
copper, #), 78.79
stockpiling. 9
tin, 85, 88
zinc, 30, 51.54, 89
K
Kenya, 75
Kores, 51-54
Korea, northern, 75
Kores, southern
copper, 81

lead, 85
tungsten, 30, 32

L
Latin Amerlca
bauxite, 29.30
consumption of non-ferrous metals, 6, 7, 23
copper, 78.79
exchange control, 116
img.’mali«mnl trade In non-ferrous metals,

lead, 29
production of non-ferrous metals, 30, 69.70
tin, 88

sinc, 29
see also specific countries
Lead

consumption, 68, 9, 10, 14.19, 20, 23, 35,
44, 70-71, 8485

international control, 44-47, 67, 68-69

international trade, 35.37, 84

pri’c;” 26, 27, 4344, 47; fuctuations,

production, 25.26, 27, 29-M, 64, 69.70,
81.85; Auctuations, 92.09

scrap, 24

stockplling, 47

taxes on, 108, 110

transport of concentrates, 63

lmd‘g‘rodacm. International Association of,

Lead Producers’ Association, 47
London Metal Exchange, 47, 89, 80, 52, 109
Luszembourg, 35-36, 67

M
Magnesium, 6, 10-11
Malaya
aluminium, 72.75
bauzxite, 30
fuel and power, 65, 105
ial;;mlioul trade in non-{errous metals,

mining, company purchases, 106; develop-
ment process aad, 117; employment,
100, 101, 102; importance, 55; organim-
tion, 121; price fluctustions and, 97;
techniques, 58; es, 101.102
tax policy, 67, 109, 111, 123.2¢
tin, g 31, 4748, 67, 69.70, 85-87, 8A, 89,
97, 105
tungsten, 30
Manchurla
sluminium, 39, 75
Manganese
consumption, 6.8, 9, 1419, 20, 21, 23
international trade, 35.37, 109, 111
price, 26; fluctuations, 93-99
prggncticu. 2526, 29-34; fuctustions, 93-

taxes, 108, 109, 111

Mass mining, 58-59, 9798, 0]
Materisls Conference, see International \a.
terials  Conference
Metals Reserve tompany, 48
\]l'\it'n
alummmm, 74, 75
cotmamption of von-ferrous metals, 31
copper, 29, 40, 41, 12, 69, 78, T8n, 81
fuel and power, 63
international trade in nonferrous metals,
37, 60
lead, 29, 31, 4549, 81.83, 84
manganese, 6
mining. development  process  and, 117
importance, 55,  investment  policies,
123; organization, 121; price Ruciua
tians and, 98; techniques, 59; trans.
port and, 104; wages, 102
taxes, 107, 110
tin, 85, B8, 89, 91
trade deficit, 115
e, 29, 31, 51.54, 70, 89
Middle Fas
copper, 78.79
ore and metal production, 69.70
tin plate, 88
Mine stores, 105107
Mining, 58-59
see also under specific metals
Mining banks, 120.21
Molybdenite, 63
Molybdenum
consumption, 6-8, 10, 14-19, 21, 23
prices, 14, 26
production, 25.26, 29-34
Morocco, French
lead, 32, 84
prospecting, 57
transport and mining, 103
zinc, 32

Mutual Security Administrstion, 32

N
National Industrisl Recovery Act (United
States ), 42
Netherlands
international trade, 37, 89
mining investments of, 118
taxes, 67
tin, 67, 85, B9
zine, 51-54, 89
Netherlands East indies
aluminium, 74
fuel and power, 65
tin, 47.48, 89, 67
New Caledonia
chromlte, 30, 32
copper, 81
fuel and power, 68
iaise_’ranioml trade in non-ferrous metals,

Newfoundland
€ s, 18

lead, 81
zine, 51.54

New Zecaland
consumption of non-ferrous metals, 23
copper, 718.79

Nickel
consumption, 6, 8, 9, 10, 21, 23
international irade, 35.37
prices, 14, 26, 63; fuctuations, 93.99
prggnclioa, 25-26, 29-3; fluctuations, 93-

Nlgeria
uwel and power, 65
international trade in non.ferrous netals,

Nigerr Ceontinued )
prospecting, 57
Hu, 29 408, 19, 6970, 85 87, %9
Nottly Africa, Firenely
copper, 81
|cxl||_ f)", Hlv
tin, 9192
anc, SEIL T0
\nllhvlll Rhodesia
hatunee of pavments, 115
copper, 2030, 31, 42 43, 57, 09, 78, 81, 97
Copper Belt, 34, 44
fuel and power, 65
internatinnal tiade ju nen-ferrous nietals,
37, 55
lead, 81, 84
mine earnings, distribution, 115
mining, development  process  aml, 117;
emplovment, 1, 101, 102, finaucing,
112, 112n-13n, 113; price flictuations
and, 98; puarehases, 106; railways and,
103, 104; 1echniques, 59; wages, 99.100
prospecting, 57
tax policy, 109, 111, 123
tin, 89, 91
zine, 51-54, 64, 70, 89
Norway
aluminium, 32, 39, 74
fuel and power, 65
international trade in nonferrous metals,
scrap consumption, 24
zine, 51-54, 89
Nyasaland, 74, 105

Oceania, 88
Jrets)
prices, 61.63
technical problems in refining, 60-61, 63.64

|
Pakistan
aluminium, 75
copper, Bl
lead, 85
Peru
aluminium, 74, 165
balance of trale, 115
copper, 29, 40, 41, 69, 78, 78a, 80, 8]
flotation, diffcrential, 64
fuel and power, 65, 105
international trade in nonferrous metals,

lead, 33, 47, 69, 81, 84

mining, development process and, 117; ex-
change control and, 110; financing, 112;
importance, 55; price fluctuations and,
98

tax policy, 109, 110, 111
tin, 85, 91
zine, 33, 51.58, 70, 8991, 98
Philippines
chromite, 30
copper, 69, 78, 81
lead, 84, 85
Poland
aluminium, 73
lead, 31
ine, 31, 51-54
Portugal
consamption of non-ferrous metals, 31
tin, 44
Power
aluminium and, 72.73
mineral exploitation and, 108
smelting and refining and, 65

President’s Materials Policy Commlssion
(United States), 99
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INDEX

Prier fluctuations, 93.99
se. also specific metals

Production, 25-34; fluctuations, 93-99
see also specific netals, countrics or re.
giols
I'rofits, use of mining, 11217
Prospecting, 57

R
Rai'ways, mine transport and, 103.105

Raw Materials Board, see Comhined Raw
Materials Board

Reconstruction Finance Corporation (RFC),
34, 48, 49

Refining, see Smelting and refining

Rhodesia, see Northern Rhodesia; Southern
Rhodesia

Sarawak, 74
Scrap, 23-25, 40
Selective mining, 58-59
Silesia, B89
Silicon, 11
Silver, 47
Smelting and refining
aluminiom, 72.75
copper, 75-81
cost, 6]-63
facilitles, 6992
fiscal influences, 67-69
fuel and, 65
international relations and, 65-67
lead, 8185
ore characterlstics and, 60.61
power and, 65
problems, general, 59.69
processes, 72n, 758, 8ln, 85a, 89n
techniques, 63-64
tin, 85.89
zinc, 51, 89.92
South West Africa
berylllum, 33
copper, 64, 78, 81
lead, 33, 64, 69, 81, 84
tin, 85, 91
rine, 33, 70, 91
Southern Rhodesin
fuel and power, 65
international trade in nen-ferrous metals,
60

mining, organization, 121; wages, 99.100
tran rt and mining, 104
tungsten, 97

Spain
aluminlum, 39
copper, 41, 42

lead, 45-46

tin, 89

zinc, 51-54, 89
Stockpiling

consumption and, 9, 14

lead, in United States, 47

tin, in United States, 49
Stores, mine, 105-107
Substitution, technelogical change and, 10-13
Surinam

aluminium, 73-75, 105

hauxite, 58

exports of non-ferrous metals, 55

taxes, 108
Survey, see Exploration
Swaziland, 85
Sweden

aluminjum, 39

consumption, 19

Sweden (continued)
fuel and po ver, 65
international trade in non-ferrous metals,
35-36, 37
zine, 34, 51-54, B9
Switzerland, 39, 65

T
Taiwan, see China: Taiwan
Tanganyika
copper, 32, 57, 64, 103
financing development, 123
lead, 32, 57, 64, 103
Tantalite ore deposits, 33
Tasmania, 74
Taxes
contribution of metal industry, 107-112
finaneing of development plans and, 123-24
influence on metal industry, 67-69
Thailand
antimony, 30
tin, 29, 47.49, 69-70, 85.87, 88, 89
Tin
buffer pool, 9, 48
consumption, 6-8, 14-19, 20, 23, 47, 49, 50,
70.71, 85-89
international control, 47-50
international trade, 35.37, 85, 88-89, 111
power and, 105
prices, 26, 47-48, 49.50; fluctuations, 93.99
production, 25-26, 27, 29.34, 64, 69-70, 85.
59; fluctuations, 93-99
ncn{», 24
stockpiling, 48.50
taxes, 67-69, 109, 111
Tin Agreement, International, 49-50, 99
Tin Committee, Combined, 49
Tin Committee, International, 47-48
Tin Conference, United Nations, 49
Tin Council, International, 49.50
Tin ore, see Cassiterite
Tin Producers’ Association, 47
Tin Research Institute, 19
Tin Study Group, International, 48.49
Titanium
occurrence, 11
use, 6, 10, 20
Transport, 4, 61.63, 103-105
see also specific countries

Tungsten
consumption, 6-8, 10, 21, 23, 60
international trade, 35.37, 60
prices, 26, 63; fluctuations, 93.99
prgguction. 25-26, 29-34; fluctuations, 93-

Tunisia, 90
Turkey
antimony, 30
chromite, 30, 32
copper, 69, 78, 78n, 81
lead, 84
tin, 92
transport and mining, 104
zine, 51.54, 91

1]
Uganda, 32, 108
Union of South Afrlca
aluminium, 75
antimony, 98
consumption of non-ferrous metals, 31, 36,
60

copper, 69, 78, 81
industrial development corporation, 121
international trade in non-ferrous metals,

Union of South Africa (continued)
lead, 84-85
manganese, 60
mining, development process and, 117; in-
vestment policies, 123; railways and,
104; wages and, 122n
tax policy. 107, 108, 116, 123
lin, 85.88, 92
Union of Soviet Secialist Republics
aluminium, 31, 73
consumption of non-ferrous metals, 31
interritional trade in non-ferrous metals,

production of non-ferrous metals, 31
zine, 51.54, 89
United Kingdom
aluminium, 39, 74
consumption of non-ferrous metals, 14-19,
23, 31, 34, 74, 88
copper, 41, 43, 4
international trade in non-ferrous metals,

lead, 45-46

mining investments abroad, 118

prospecting, 57

scrap consumption, 24

tariff policy, 67

tin, 48, 85, 88, 89

zine, 51-54, 89
United Kiigdom Ministry of Supply, 47
United States

aluminium, 39, 73

antimony, 32

bauxite, 32

cobalt, 32

chromite, 32

consumption of non-ferrous metals, §, 7,

14-19, 20.23, 31, 34
copper, 40-44, 78.79, 97
international trade in non-ferrous metals,

lead, 44, 45-47, 84
manganese, 32
mass mining, 98
mining investments abroad, 118
ore reserves, 34, 55
production of non-ferrous metals, 30-31, 82
prospecting, 57
scrap consumption, 24, 25
stockpiling, 9, 49
tax policy, 68-69
tin, 48, 49, 50, 67, 85, 86, 88
zinc, 50, 51.54, 89
Uruguay, 81, 85
USSR, see Union of Soviet Socialist Re-
publics

\'%
Vanadium
output, 25.26
use, 6, 10
Venezuela
aluminium, 74, 105
copper, 81

w

Wages in mining, 4, 99-103
War

consumption and, 9, 13-14, 35.37

copper control, 43

controls during, 47

lead production and, 45

metal markets and, 34, 35

production of non-ferrous metals, 25, 29.33

tin plate production and, 86

zinc production and, 51
Webb-Pomerene Act (United States), 40
Western Europe, see Europe, western
Workshops, mining, 105
World War, First and Second, see War

> O p—



Y

Yugoslavia
aluminium, 39, 72.75
chromite, 32
copper, 29, 41, 42, 69, 78-79, 81
lead, 47, 84
tin, 89, 92
ginc, 51-54, 70, 89

z
Zinc
comum{nion. 6-8, 10, ]l 1419, 20, 23, 35,
§0, 51, 52 7071 91.9

internauonal control 45, 50 54

international trade, 3537 89, 91.92

power and refinin

prices, 26, 51.52, g4 fluctuations, 93-99
roduction. 2526 2934 64, 65, 69-70, 89-
92; ﬂucnutiom. 93.99

Zinc (continued)
scrap, 24
taxes, 51-52, 67, 68-69, 108, 109, 110
transport of concentrates, 63

Zinc Cartel, European, 51
Zine Cartel, International, 51

Zincil:rdoduceu Associated Proprietary, Lim-
t

Zinc Syndicate, International, 51
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Disherta.

mAN
KetobXhaneh Dohesh, 193 Seedl Avenve,
Tohron,

naQ

Machonsle’s Beskshep, Saghded.

BRANR

Blumotoln’s Secksieres L0d., 35 Allonby Reed,
TokAviv.

nay

Ubrerie Comminiongris Sanswsel, Vie Oine
Capponl 34, Fironse.

SAPAN (se0 below)

LESANON
Ubretrle Universelle, Boyrovih.
LIDORIA
J. Momely Kemsre, Menrevie.
Albort Gomayel, Monrovie.

Ubrairie ). Schummer,

. Luxombourg.
Bdtarial Mermes S.A., igeosle Merissel 4),
Méxies, D.F.
NETHERLANDS
N.V. Martinue Nijhofl, Lange Veorhewt 9,
‘»Oravenhage.

NEW ZEALAND

Unlted Netions Amecistion of New Zeelend,
C.L.0. 1811, Wellingten,

NORWAY

Johan Grundt Tenum Forleg, Kr. Auguetegl.
TA, Ove.

PAKISTAN

Thomas & Thowes, Fort Mansien. Frere Reed,
Kerechi, 3.

Publishors United L4, 176 Anerkell, Lahere.

ru

Ubreria internadional del Pord, LA, tun and
Arequipe.
PHILIPPINES
Alemar's Bosk
Manllo.
PORTUGAL
Uvreria Rodrigues, 106 Rue Aures, Lishes.

Sore, 740 Nusl  Avenve,

Librairie Payest S.A., Lovesane, Qualve.
Hens Rounhardt, Kis hgaue 17, Zuridh V.

Servies, Colvmbla Univershly
Pron, ‘2960 Brondwey, Now York 27, N. V.

URUOUAY
Representaciin do Bdherinies, Pref. N. D'Blle,
Av. 10 de Jelle 133, Mentevides.

wumnmmu.

sslos agents have nel yot been appeinted may be sent fe Soles and Clreviation Section, United Netions,
WW.WMWM,M‘

Printed in U.S.A.

Price: $U.S. 1.50; 10/6 etg.; Sw. fr. 650
(or equivalemt in other curreacies)
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