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plating of metals. Other important applications are its use in various alloy steels,

nickel-chromium heating elements, pigments, leather processing, catalysts, and

refractories.

Historv

The element chromium was first identified in 1797 by the French chemist

Louis Vauguelin, who discovered that the lead content of the mineral crocoite

(composition PbCrOo, and itself first described in the literature in 1766 as red lead)

was combined with an oxide of an unknown metal. Vauguelin named this new

element chromium based on the Greek word "chroma" meaning colour because of the

brilliant reds, yellows, and greens of its compounds.

Although chromium occurs in a number of different minerals, the only source

of chromium used commercially is the mineral chromite. During the period 1797 to

1827, chromite from the Ural Mountains of Russia was the main source of world

supply. The discovery of chromite within North America in Maryland in 1827, and

subsequently in Pennsylvania and Virginia, resulted in the United States becoming the

major source of supply of chromite for a limited world demand. Then, large chromite

deposits in Turkey were developed in 1860 to supply the world market. Since the

latter part of last century, chromite has been produced in a number of countries

around the world, and the world distribution of chromite production during the period

from 1892 to 1980 is shown in Tables 1-20. During that time the annual world

chromite production has increased by a factor of 443from22,OO0 tonnes in 1892 to

9,749,000 tonnes in 1980.

Until the early part of this century, chromite was used mainly in the

manufacture of chemicals. Then, it became widely used in the manufacture of

metallurgical and refractory products, primarily stainless steels and basic refractory

bricks. The accidental discovery of stainless steel by Harry Brearley of Sheffield in

1913 is descriþed byAlexander and Street (1972). Brearley was experimenting with

alloy steels for use in gun barrels, and threw aside a number of samples regarded as
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O.75o/o, and the silicon (Si) contentfrom 1 to 8%; in high-carbon ferrochromium the Cr

content varies from 52 lo 72o/o, the C content from 4.0 to 9.5%, and the Si content

from 3 to 14o/o; and in ferrochromium-silicon the Cr content varies from 34 to 42o/o, the

C content from 0.05 to 0.06%, and the Si content from 38 lo 45o/o.

Geolosv

An introduction to the geology of chromite deposits is given in general texts

on economic geology such as Bateman (1950), which describes briefly chromite

deposits in a number of countries, and Park and MacDiarmid (1964), which discusses

in more detail chromite deposits in the Moa District of Cuba. Chromite deposits occur

as either stratiform or podiform bodies in certain types of ultrabasic rocks composed

primarily of olivine and pyroxene minerals, or rocks derived from them.

Stratiform chromite deposits occur as layers of uniform composition in

igneous intrusions. ln size they range up to a metre or so in thickness and extend

over wide areas. The larger deposits contain many millions of tonnes of chromite.

Deposits of the stratiform type are present in the Bushveld lgneous Complex in the

Transvaal of South Africa, the Great Dyke in Zimbabwe, and the Stillwater Complex in

Montana in the United States. More than 99% of the world's known resources of

chromite are in stratiform deposits.

Further information on the geological characteristics of stratiform chromite

deposits is given by Jackson (1964), and the geology of the chromite deposits in

specific regions is described in various sources such as Cousins and Feringa (1964)

and Cameron (1964) that deal with deposits in the Western and Eastern Belts

respectively of the Bushveld Complex in South Africa, and Worst (1964) that covers

deposits in the Great Dyke in Zimbabwe.

ln contrast to stratiform deposits, podiform type deposits of probable

magmatic origin are of irregular form that varies from taþular to lenticular to circular.

Podiform deposits range in size from a few kilograms to several million tonnes, and

most production is from deposits containing more than 100,000 tonnes. Typical
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podiform deposits occur in the Ural Mountains of the Soviet Union, in the Philippines,

and on the west coast of the United States. Most podiform deposits are of the high-

chromium type, and they are the only source of high-aluminium chromite. With the

exception of the Great Dyke region of Zimbabwe, virtually all the world's production of

high-chromium chromite is from podiform type deposits in contrast to the high-iron

stratiform type deposits as in the Bushveld Complex of South Africa.

A discussion of the geological features of podiform chromite deposits is given

by Thayer (1964), and the geology of chromite deposits in particular regions is

discussed in papers such as Stoll (1958) and Bryner (1969) that describe deposits in

the Philippines.

Exploration

Chromite deposits are most commonly discovered by means of geological

prospecting and exploration followed by drilling, although geophysical and

geochemical methods can be of assistance in the exploration for chromite. An OECD

seminar on modern scientific methods of chromite prospecting was held in Athens,

Greece, during April 1963, and the published proceedings of this seminar contains a

number of useful papers on geological, geophysical, and geochemical exploration for

chromite (Woodtli, 1964). Exploration is carried out in regions containing ultrabasic

rocks as these provide a potential host rock for chromite deposits. Geological

mapping, as well as airborne magnetic geophysical surveys (Boyd, 1970) and heavy

mineral geochemical surveys (Boyle, 1969), can be used to locate areas of ultraþasic

rocks. More detailed exploration involving geological mapping and prospecting is

done within the area of ultrabasics in order to locate the presence of chromite.

Geophysical methods are of particular use in the exploration for chromite deposits that

are not exposed at the surface, and in this connection both the gravity and magnetic

methods have had some success in chromite exploration. The application of the

magnetic method in chromite exploration in Cuba is described by Hammer, Nettleton,

and Hastings (1945) and by Davis, Jackson, and Richter (1957), and the use of the
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The initial discovery of stainless steel with about 14o/o chromium, as

described earlier, led to the development of stainless steels as typified by present-day

cutlery. lt was subsequently found that steel containing up to about 20o/o chromium

and 10% nickel had even greater corrosion and heat resistance, and such stainless

steels have many uses in kitchen utensils, the chemical industry, and in surgery.

Alloys with even higher chromium and nickel contents were found to be of use in

furnace parts, the equipment of chemical plants, and in components for pumps.

According to Alexander and Street (1972), the stainless steels were increasing in

usage at a greater rate than any other ferrous alloys, and since 1945 the growth had

been greater than 10% per annum. More recent applications of stainless steels

containing chromium and nickel are described in articles contained in various issues

of Nickel Topics published by The lnternational Nickel Company, lnc.

Apart from stainless steel, chromium is used as a constituent in a variety of

alloy steels, cast irons, and non-ferrous alloys. lts function in these products is to

enhance their mechanical properties, or to impart special properties such as

resistance to heat, electricity, or abrasion.

There are several low and medium alloy steels containing up to 12o/o

chromium, together with other elements such as molybdenum and vanadium, that can

be used continuously at temperatures in the range 500"C to 700"C for components in

thermal power stations and steam turbines as described by Alexander and Street

(1972). Chromium is used also in the manufacture of nickel-chromium alloy

resistance-wires for electric heating elements as in electric fires and electric furnaces.

The highest grades of such resistance wires contain 80% nickel and 2Oo/o chromium

while lower grades are made with 10-20% iron.

The use and composition of other alloys containing chromium is described in

various articles in Nickel Topics. ln one such article (Hack, 1982) reference is made

to a super alloy containing chromium and nickel, as well as a small percentage of

yttrium oxide, that has properties superior to other alloys in respect to dimensional
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stability, thermal fatigue, and strength. Such properties have resulted in the adoption

of this super alloy as a vane material in General Electric's advanced F404 engine for

the F18 fighter aircraft in service with the U.S. Navy. The same super alloy has been

found to be highly resistant to corrosion in hostile environments as encountered in gas

cooled nuclear reactors.

ln the chemical industry sodium dichromate is the primary base material for

the manufacture of chromium chemicals. The largest use of chromium in the chemical

industry is in chromium pigments, and sodium dichromate is used to manufacture

chrome green, chrome oxide green, chrome yellow, molybdenum orange, and zinc

chromate pigments. These chromium pigments are used in paints, inks, and roofing

granules. Another use of chromium chemicals is in chromium plating familiar in

automobile trim, appliances, and other consumer goods. ln this application chromium

in fact merely provides a thin bright hard coating over a layer of nickel as described by

Alexander and Street (1972). Other uses taking advantage of special properties of

chromium chemicals are in leather tanning, metal treatment (as corrosion inhibitor),

drilling muds, textile dyes, catalysts, and wood treatment.

The refractory industry uses chromium in the form of chromite, and primarily

to make refractory bricks to line metallurgical furnaces. The major application of

chromite refractories is in iron and steel processing, non-ferrous alloy refining, glass

making, and cement processing. ln foundries, chromite sand is used as a moulding

material in the production of ferrous castings.

ln the United States during 1980 a total of 878,000 tonnes of chromite was

consumed (Peterson, 1981). Of this the metallurgical industry used 59o/o, the

chemical industry 25o/o, and the refractory industry 16%. The metallurgical industry

consumed 520,000 tonnes of chromite to produce 217,OO0 tonnes of chromium

ferroalloys and metal. During '1980 a total of 385,000 tonnes of chromium ferroalloys

and metal was consumed in the United States, and stainless steel production

accounted for 7Oo/o of this consumption.
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INTERNATIONAL TRADE IN MINERAL PRODUCTS

Economic theories of international trade are discussed by Corden (1965),

and applied economic issues of international trade are examined in texts such as

Snape (1973) and Cameron (1972). Questions of economic policy in connection with

the export of mineral products are considered by Cameron with reference to iron ore

development in Australia, and he specifically discusses policy issues in relation to the

level of product pricing, the selling of an exhausting resource, the basis of taxation,

the establishment of a domestic processing industry, and the question of foreign

capital investment.

The pattern of international trade in metal raw materials is considered in a

general article by Ridge (1955) in which he gives thirteen rules governing trade in

metal raw materials. Ridge recognises that the rules are generalisations to which

there are exceptions, and that the rules should be considered together in examining

any specific situation. The rules stated by Ridge are:

1. Concentration is carried out for all low grade ores, non-ferrous and

ferrous, in the country in which they originate.

2. Mining companies of large size and of domestic ownership will carry

processing through more stages at home than will companies of small size or

of foreign ownership.

3. The stage of processing of any metal raw material entering world trade will

tend to be the more advanced, the greater the tax penalties assessed against

concentrates and partly processed materials leaving the country of origin.

4. The smaller the quantity of material to be eliminated from concentrates in

the smelting process, the more likely such concentrates are to be sent abroad

for smelting and refining.

5. The greater the flexibility and simplicity of a smelting process, the more

likely it is to be important in a mining country producing the raw material

concerned.
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6. The more unstable the political situation in a given mining country, the less

processed will be the mineral raw materials shipped from it.

7. The greater the modern processing capacity for a given metal raw material

outside the countries that mine it, the more likely the material is to be smelted

abroad.

8. The newer a mining industry is in a given country, the less likely it is that

metal raw materials will be smelted there.

9. An export-import relationship, once formed, is more profitable to continue

than to break off unless the economic or political changes are drastic.

10. The earlier and more rapid the industrialisation of any country the more

complete the processing of metallic raw materials within its own borders.

1 1. The older and more advanced the industrial civilisation of a particular

country, the greater will be its dependence on mineral imports, a dependence

that increases the more rapidly the less well endowed the nation in question

was in the beginning of its industrialisation .

12. Tlrc later a nation began to develop its industrial plant, the larger will be

the number of countries from which it imports and the smaller the amount it

will obtain from each.

13. ln such a lately industrialised country the more intensive will have to be

its development of its own resources, though these well may be economically

less satisfactory than deposits of the same metals in other countries.

A series of short articles on world trade in specific minerals and metals

accompany the general article by Ridge (1955) in which the above rules are

discussed, and one of these articles (Ridge and Moriwaki, 1955) deals with world

trade in chromite during 1952. ln this article, Ridge and Moriwaki observe that the

significant chromite producers with the exception of the Soviet Union are not major

steel producers; that there is a direct relationship between steel production and

chromite imports as in chromite-poor countries such as Germany and Belgium-
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Luxembourg; that some countries such as Norway and Canada import chromite and

export ferrochromium; that the United States imports chromite from more than twelve

countries although greater than 85% of its 1952 imports came from four countries

(The Philippines, Turkey, South Africa, and Zimþabwe); that the United Kingdom

depended largely on chromite imports from African members of the Commonwealth

(Zimbabwe and South Africa); that chromite (like manganese and iron ore) is attracted

to nations rich in solid-fuel; and that the dependence of the United States on foreign

suppliers for about 99% of its chromite is a serious problem that would be

insurmountable in time of emergency.

The results of an important study on factors influencing the pattern of

international trade in mineral products between pairs of exporting and importing

countries are described by Tilton (1966(a) & 1966(b)), who examined trade ties

between countries for a number of ores and concentrates and of refined metals during

the period 1960-62. The study by Tilton covered aluminium, manganese, copper,

lead, zinc, and tin, but did not include chromium. lt was concerned primarily with trade

ties between countries during the specific period examined, and not with the total level

of exports and imports of individual countries or changes in these over time.

ln examining trade ties between countries, Tilton used a linear programming

transportation model, a single-equation multivariate regression analysis, and a general

descriptive investigation. The study indicated that the choice of trading partners is

strongly influenced by non-price factors, and particularly by international ownership

ties, political blocs, governmental regulation and participation in trade, metallurgical

characteristics, and established buyer-seller ties. These factors were as important, or

even more important in some cases, than transportation costs or conditions of supply

and demand in determining trade ties. Many of the observations and conclusions

made by Tilton in relation to trade ties are based on his descriptive analysis, although

each of the methods used by Tilton pointed to the conclusion that non-price factors

had a strong influence in determining trading partners.
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The conclusion of Tilton in relation to the importance of non-price factors has

significant repercussions for international trade theory in that the classical, Heckscher-

Ohlin, and location theories ignore non-price factors, and as a result cannot

adequately explain trade patterns. These theories imply that trade ties are flexible,

and respond rapidly to small changes in the conditions of supply and demand or

transportation costs. ln reality, non-price factors produce an appreciable degree of

stability in trade patterns.

However, trade ties do change at times, and Tilton gives the development of

manganese deposits in Brazil, the construction of a tin smelter in Nigeria, and the

acquisition of British aluminium fabricators by American companies as examples of

developments that resulted in significant changes in trade patterns. Tilton concludes

that trade ties are not normally disrupted in response to minor price changes, but that

a significant change in trading partners usually requires the intervention of a new and

powerful stimulus such as war, the opening of new deposits, the construction of a new

smelter or refinery, or government barter transactions. lt seems also that such stimuli

must exceed a minimum threshold to overcome the stabilising effect of non-price

factors, and that when this occurs there is an appreciable alteration in trade patterns.

PRESENTATION OF TABULATED DATA

Tabulated data in systematic form is presented for chromite production in

Tables 1-20, chromite exports in Tables 21-72, chromite imports in Tables 73-120,

ferrochromium exports in Tables 121-150, and ferrochromium imports in Tables 151-

184.

ln the tables the name of each country as at 1980 is used throughout even

though in some cases a country was known by another name at some earlier time for

which tabulated data is shown. For instance, in the case of Southern Rhodesia,

which became Rhodesia, then briefly Zimbabwe-Rhodesia, and finally Zimþabwe, the

name Zimbabwe is used in the taþles for all periods of time. The geographical

location of each country is illustrated in Map 1.
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The tables showing world chromite production (Tables 1-20), world chromite

exports (Tables 21-36), world chromite imports (Tables 73-86), world ferrochromium

exports (Tables 121-132), and world ferrochromium imports (Tables 151-162) by

country and by year for both tonnage and percentage of world total extend in each

case over a period of more than fifty years, and the tables comprising a particular time

series are designed in each case to cover single and successive decades. The

countries included in each table are listed in decreasing order of magnitude of the

parameter being tabulated for the first year of the decade covered by the table. By

presenting the tabulated data in this way, a study of the tables in any individual time

series readily shows the more important countries during a particular period as well as

any changes in their relative position. The presentation also shows clearly the

emergence of any new countries of significance. The tables are designed as "talking

tables" in the sense that they largely speak for themselves rather than merely provide

data for reference purposes.

ln the tables showing chromite exports by country of destination (Tables 37-

50 and 53-70), chromite imports by country of origin (Tables 87-94 and 97-118),

ferrochromium exports by country of destination (Tables 133-148), and ferrochromium

imports by country of origin (Tables 163-182) for selected countries and specific

periods in terms of both tonnage and percentage of total, the countries of destination

and origin are listed in each table in decreasing order of magnitude of the parameter

being tabulated for the first year of the period covered by the table. Also, the selected

countries included in each particular series of tables are arranged in decreasing order

of their importance in terms of tonnage as exporting or importing countries during the

period covered. Thus, a systematic ordering of countries is adopted both within

individual tables and among the tables comprising a particular series.

Matrix tables are also given for chromite exports of selected countries by

country of origin and destination (Tables 51 & 52 and 71 & 72), chromite imports of

selected countries by country of destination and origin (Tables 95 & 96 and 119 &
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120), ferrochromium exports of selected countries by country of origin and destination

(Tables 149 & 150), and ferrochromium imports of selected countries by country of

destination and origin (Tables 183 & 184). These tables show actual and null exports

and imports in terms of both tonnage and percentage averaged over specific three

year periods. The definition of null exports or null imports is given as appropriate in

each table, and the null tonnages or percentages are shown in each case in brackets

beneath the corresponding actual tonnages or percentages. This enables a

convenient comparison between the actual and null figures in any particular case.

The use of a three year average reduces the effect of certain fluctuations that occur

from year to year in trade figures as discussed below. ln the matrix tables the

countries of þoth origin and destination are listed in each case in decreasing order of

magnitude of their average total exports and average total imports for the period

covered in the table. This provides consistency in the form of presentation of the

tabulated data shown in these tables.

The preparation of tabulated data on production, exports, and imports of

chromite and ferrochromium has involved reference to a wide range of sources dating

over a long period of time. ln these sources "tonnages" of chromite and

ferrochromium are given variously in long tons, short tons, and metric tons (tonnes).

A long ton contains 2,240 lbs., a short ton 2,000 lbs., and a metric ton 2,204.6 lbs.

For consistency, and in order to provide a proper basis for comparison between

countries and over time, all tonnages in the thesis, including in the tabulated data, are

given as tonnes, which are metric tons comprising 1,000 kilograms. ln converting

from long tons and short tons to tonnes, standard conversion factors of 1.0160 and

0.9072 have þeen used respectively.

For every table in the thesis showing tonnages of chromite or ferrochromium,

there is a corresponding table showing percentages. This is because it is important to

examine not only the absolute tonnage of production, exports, and imports of

particular countries and variations in these over time, but also the proportions of total
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production, exports, and imports attributable to these countries as well as changes in

the proportions over time. Each time series giving tonnages is followed by a similar

time series giving percentages, and each matrix table showing tonnages is followed

by one giving percentages.

ln the tables showing world chromite production, exports, and imports by

country, tonnages have been rounded to the nearest thousand tonnes and are shown

in the tables as thousands of tonnes, and in tables showing chromite exports for

selected countries by country of destination and chromite imports for selected

countries by country of origin, tonnages have been rounded to the nearest hundred

tonnes and are shown in the taþles as thousands of tonnes to one decimal place.

Tonnages of world ferrochromium exports and imports by country, and of

ferrochromium exports and imports for selected countries by country of destination

and origin, have been rounded to the nearest hundred tonnes, and are shown in the

tables as thousands of tonnes to one decimal place. Similarly, all actual and null

tonnages in the matrix tables have been rounded to the nearest hundred tonnes, and

are shown in the tables as thousands of tonnes to one decimal place. All calculated

percentages in the time series have been rounded to the nearest whole percent, and

are shown as such in the taþles. ln the matrix tables percentages are shown to one

decimal place. The conversion and rounding of statistics as well as the ordering of

countries, has resulted in consistency in the presentation of tabulated data, and

enables convenient comparisons to be made both within and among tables.

ln some cases where the component tonnages comprising a total and the

total tonnage of the components are known, and both the components and the total

are converted and/or rounded, there is a slight discrepancy between the total of the

converted and/or rounded components and the converted and/or rounded total as a

result of the conversion and/or rounding. However, in no case are these variations of

any significance in examining the pattern of international trade. Similarly, as a result

of rounding, in some cases the total of component percentages differs slightly from
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lOOo/o, although by definition the total as a percentage of the total is 1O0o/o. Again,

such variations are not of any importance in the study of trade patterns.

The exports and imports of particular countries are recorded at the time of

export and the time of import. As a result of the transit time in shipment from one

country to another, a discrepancy can result between the recorded exports and the

recorded imports during a particular year for individual trading partners or for the world

as a whole. This is accentuated by the fact that shipments of chromite, and to a

lesser extent ferrochromium, are made in bulk quantities for convenience and in order

to take advantage of lower freight rates applicable to such shipments, and possibly to

justify the chartering of a vessel for a particular shipment. However, over a period of

years, there will be a tendency for export and import figures to equalise, and this is

evident in the tabulated data.

The effect of individual shipments can also result in variations from year to

year in the recorded exports or imports of a particular country to or from another

country, or in its recorded total exports or imports. However, there will be a tendency

for these variations to be averaged out over a period of years. ln the matrix tables

annual figures are averaged for a three year period, whereas in the case of trade

aggregates for the more important exporting and importing countries the effect of

individual shipments is relatively less significant.

The more important features of the tabulated data for chromite production,

exports and imports, and for ferrochromium exports and imports, are described in

Chapters 2-11, and the numerous factors that have influenced the pattern of

international trade in chromite and ferrochromium are discussed in their relevant

historical and geographical context.

The location of world chromite production is fundamental to the pattern of

international trade, and the importance of international trade in chromite and

ferrochromium is accentuated by the fact that the consumption of chromium has taken

place to a very large extent in countries that were not chromite producers. Moreover,
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there has been tremendous growth in the level of chromite production since 1892 as

illustrated by the graph in Figure 1 that shows total world chromite production on an

annual basis for the period 1892-1980.

RMINA INTERNA

The pattern of world chromite production, exports, and imports and of world

ferrochromium exports and imports is presented in Tables 1-184, and Chapters 2-11

that follow are concerned with a study of the diversity of factors that have exerted an

influence in determining the pattern of international trade in chromite and

ferrochromium involving many countries around the world during the period from 1892

to 1980.

ln examining various factors that have contributed to shaping the pattern of

international trade in chromite and ferrochromium, consideration is given first in

Chapters 2-10 to factors relating to the variation with time in the tonnage and

percentage of total exports and total imports of chromite and ferrochromium by

individual countries as well as of the total level of exports and imports in these

commodities for the whole world. Later, in Chapter 1'l consideration is given to

factors that have had an influence in determining trade ties between individual

countries during specific periods.

The history of the chromium industry reveals that a wide variety of factors

have operated at various times to determine the aggregate level of exports and

imports of chromite and ferrochromium by individual countries as well as for the world

as a whole. The present study covers international trade in chromite and

ferrochromium for the entire world over a long period of time, and in the

circumstances a descriptive analysis is used in an attempt to outline the great many

factors that have had an influence in determining the pattern of total exports and total

imports by major countries and for the world as a whole during the period covered. ln

order to facilitate convenient reference to the pattern of international trade in chromite

and ferrochromium shown in the tables, discussion of the factors influencing the
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volume and share of international trade by individual countries is given on a decade

by decade basis. Such an approach also enaþles the discussion to concentrate on

the more important exporting and importing countries during a particular decade, and

allows the more significant factors operating during that period to be highlighted.

However, countries are not considered in isolation. The countries covered during

each decade account for a large proportion of international trade during the decade,

although the countries discussed as well as their ranking vary from decade to decade

in response to the many diverse and dynamic factors examined. The pattern of

international trade observed during each decade is the product of interaction between

the various factors operating during that period.

ln the subsequent examination of factors that have influenced trade ties

between countries, the destination of exports and the origin of imports of a number of

countries are considered for selected three year periods during both the 1930's and

1970's in the case of chromite and for a three year period during the 1970's in the

case of ferrochromium, For the periods 1935-1937 and 1972-1974 the average

annual actual exports and imports for pairs of countries are compared with average

annual null exports and imports for the same pairs of countries. Such a comparison

involves the use of a "null model" as proposed by Savage and Deutsch (1960) and

referred to by Tilton (1966(a), p30 &1966(b), p443). The model is used as suggested

by Savage and Deutsch to identify anomalies (both positive and negative) between

actual and null levels of trade for individual pairs of countries. A descriptive analysis is

then used in an attempt to explain these observed anomalies.

PRE - 1892

During the period priorto 1860 the Soviet Union and the United States were

the main suppliers of chromite to the world market as outlined earlier in the chapter.

However, in 1848 a chromite deposit was discovered by Professor J. Lawrence Smith

in Turkey at Bursa, located ninety two kilometres south of lstanbul (then

Constantinople). This deposit was developed, and by the 1890's had become the



22

most important chromite deposit in the world. lt was notable for its great extent, ease

of mining, high grade averaging 52o/o to 57o/o Cr2Os, and freedom from silica

(Rothwell, 1895). ln addition, large deposits of chromite were discovered in 1877 near

lzmir (then Smyrna) in Turkey. The ore in these deposits was soft and granular, easily

mined, close to a shipping port, contained from 55% to 58% CrrO., and was low in

silica. These circumstances combined to bring Turkish chromite ores prominently into

the world market, and to result in the development of Turkish deposits on a large

scale (Rothwell, 1896). ln 1892 Turkish chromite production was estimated at 14,000

tonnes, and represented an estimated 640/o of world chromite production during that

year (Tables 1 and 11).
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Chapter 2

TRADE AGGREGATES 1 892-1 899

The discussion of trade aggregates for the period 1892-1899 is based on

information contained in contemporary accounts of the world chromium industry

published annually in The Mineral lndustry for the years 1892-1899. During that

period The Mineral lndustry was edited by Richard P. Rothwell, Editor of the

Engineering and Mining Journal, and was published in association with that Journal.

The major sources of supply of chromite during the period 1892-1899 were

mines situated in Turkey, Soviet Union, and New Caledonia, while demand during that

period was from the chemical, metallurgical, and refractory industries located mainly in

Europe and North America, particularly in the Soviet Union, Germany, United

Kingdom, and the United States. Although supply and demand at any given time

operate simultaneously, it is convenient for the purpose of discussion to consider first

the question of supply then to examine demand during the same period.

Detailed statistics on internationaltrade in chromite and ferrochromium during

the period 1892-1899 are not available. However, the importance of international

trade in chromite during this period, as well as some appreciation of the various

factors that have contributed in determining its pattern, will be evident from the

following discussion that deals first with the geographical distribution of chromite

production then with that of chromite consumption.

During the period 1892-1899 the main chromite producing countries in the

world were Turkey, Soviet Union, and New Caledonia, while smaller quantities of

chromite were mined also during the period in Australia, Canada, Greece, and the

United States as illustrated in Tables 1 and 11. These tables show the variation from

year to year in the tonnage and percentage of world chromite production by country

during the period.
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Turkev

The emergence of Turkey as an important chromite producing country during

the period prior to 1892 has been described already. Subsequently, Turkish chromite

production rose from an estimated 14,000 tonnes in 1892 to 20,000 tonnes in 1894

then remained at around that level during the years 1894-1896 after which it declined

to 5,000 tonnes in 1899 (Table 1). During the period 1892-1899 the share of world

chromite production contributed by Turkey tended to decline from an estimated 64%

of world production in 1892 to 1Oo/o of world production in 1899 (Table 11).

During the period 1892-1899 chromite mining in Turkey was virtually a

monopoly controlled by the English firm of Paterson & Co based in lzmir. The main

Turkish production during the period came from mines located in the vicinity of Bursa

and lzmir, and these ores were the most favoured in the world by consumers in the

chemical industry for the manufacture of potassium dichromate and sodium

dichromate. ln addition, Turkish chromite production during the period came from

mines in Macedonia, which then comprised part of western Turkey. The

competitiveness of Turkish ores in the world market resulted from their high quality in

terms of grade, softness, and freedom from impurities, and was assisted by low

mining costs, which were accentuated by cheap wage rates. However, competition

from New Caledonian ores resulted in a reduction of around 18o/o in the price

delivered in England of Turkish chromite ore containing 50% CrrO. as recorded by

Rothwell (1900).

Despite the preference by consumers for Turkish chromite ore, several

factors appear to have operated to reduce the relative importance of Turkish chromite

in the world market. These included the availability of good quality New Caledonian

chromite as discussed below, reduction in the supply of Ïurkish ores due to

exhaustion of deposits, particularly in respect of higher grade ores (Rothwell, 1894

&1898), and increasing difficulties experienced by the Turkish mining industry through

the action of corrupt officials (Rothwell, 1900).
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New Caledonia

Chromite ore was first mined in New Caledonia in 1875. The most important

deposits were those of Mont d'Or, N'Go River, and Canoe Bay. These deposits were

located near the sea and were connected to the port of shipment by a short railway

(Rothwell, 1894). Chromite production by New Caledonia increased substantially from

1895 as shown in Table 1, and averaged 12,000 tonnes a year during the period

1895-1899. During that period New Caledonian chromite production amounted to

24o/o of world production, and exports of chromite by New Caledonia were stated by

Rothwell (1899) as forming a large and increasing item in the mineral production of

that island.

The New Caledonian chromite deposits occurred near the surface, and

included an upper layer of "alluvial" ore, which was in reality weathered ore containing

small grains of chromite in decomposed serpentine. Solid chromite ore or "rock" ore

occurred beneath the "alluvial" layer. The "alluvial" ore was preferred by consumers

because the contained chromite could be separated from the gangue more readily

than in the solid ore. The "alluvial" ore was washed in sluices to produce chromite

concentrate containing up to 52o/o Cr2Os (Rothwell, 1899). ln 1899 chromite exports

by New Caledonia amounted to 11,300 tonnes.

Soviet Union

The greater part of the world's supply of chromite ore came from the Soviet

Union (then Russia) and Turkey. Chromite production by the Soviet Union and Turkey

in 1895 amounted in each case 21,000 tonnes (Table 1), and these countries were

each responsible for 34o/o of world production in that year (Table 11). However, both

the tonnage of chromite production by the Soviet Union and its share of world

production fluctuated during the period 1892-1899 as obseryed in Tables 1 and 11.

The chromite deposits of the Soviet Union were located in the Ural Mountains and in

the Caucasus, and generally were of high grade ranging from 53% to 55% CrrO.

(Rothwell, 1896). Priorto the discovery and development of chromite deposits in the
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United States and Turkey, the Soviet Union commanded the world chromite market as

described in Chapter 1.

ln contrast to Turkish and New Caledonian chromite, which was produced

exclusively for the export market, Soviet Union chromite during the period was used

both for export and for domestic consumption. As stated by Rothwell (1894) the

manufacture of bichromates using chromite ore from the Urals had recently been

established in the Soviet Union at works near Elabougi on the river Kama. The works

consumed about 2,000 tonnes of chromite annually, and since their establishment the

import of chromium compounds into the Soviet Union ceased. Also, the Moscow

Chrome Works in the Soviet Union was one of the chief consumers in Europe of

chromite ore in the chemical industry (Rothwell 1896), and chromite from the Urals,

which previously had been exported, was consumed domestically using a new

process in the production of potassium dichromate (Rothwell, 1897).

Australia

Some chromite production was recorded by Australia during the years 1894-

1899 (Table 1), and its production during the period reached a maximum of 10% of

world production during 1899 (Table 11). The principal supply of chromite came from

mines in the Gundagai region of New South Wales. The ore was usually purchased

in Sydney by shipowners or charterers, who shipped the ore as dead weight to wool

cargoes forsale in the London market (Rothwell, 1895). No ore containing less than

50% CrrO. was bought. Parcels graded as high as 57o/o CrrO., but averaged 520lo to

53% CrrO.. lt was reported (Rothwell, 1898) that chromite mining in New South

Wales during the period 1893-1897 acquired considerable importance, and this is

reflected in the production tonnages given in Table 1.

Greece

ln Greece chromite was mined at Volos in Thesally (Rothwell, 1894), and

during the period 1892-1899 the level of chromite production was relatively small and

variable (Taþle 1).
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Canada

During the years 1894-1899 relatively small and variable tonnages of

chromite were produced by Canada as shown in Taþle 1. Chromite production by

Canada took place in Quebec as described by Penhale (1896 &1897) and by Obalski

(1898), and in Newfoundland (now part of Canada) as described in Rothwell (1898).

ln both Quebec and Newfoundland the production came from newly discovered

chromite deposits, and development of these deposits resulted in chromite exports by

Canada.

Chromite ore was discovered accidentally at Black Lake near Coleraine in the

Province of Quebec in the autumn of 1893 by a boy picking berries, but its value was

not appreciated until the spring of 1894 when a sample of the ore was seen by

Mathew Penhale. Field examination revealed an outcrop of considerable extent, and

assays of samples showed that the ore contained from 50% to 55% CrrO.. The

announcement of the discovery generated considerable excitement, and several other

outcrops were located by prospectors. By 1895 chromite mining was taking place at

several locations in the Black Lake district.

Shipments of chromite ore from the Black Lake district increased from around

1,000tonnes in 1894to3,000tonnes in 1895 (Rothwell, 1896). A large proportion of

these shipments comprised high-grade ore, which went mainly to Philadelphia,

Pittsburg, and Baltimore in the United States, while a small tonnage of low-grade ore

was sent to the United Kingdom. Significant shipments of chromite from Black Lake

were made also in subsequent years, and went mainly to Pittsburg and Philadelphia

(Rothwell, 1897 & 1899).

ln Newfoundland extensive outcrops of what was thought to be iron ore were

known to occur near Bluff Head in the Port au Port Bay area on the west coast of

Newfoundland as early as 1893, but itwas not until the summerof 1894 thatthe ore

was recognised as chromite following analysis by J. Obalski. Preliminary field

investigations were made in 1895, and detailed exploration of the deposits began in
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1896. These revealed large deposits of chromite ore, although their immediate

exploitation was limited by lack of adequate road and shipping facilities. The provision

of these facilities was planned for 1897 (Rothwell, 1897), and it was expected that

dressed ore would be marketed following the completion of dressing works.

During 1896 a cargo of about 150 tonnes of sorted chromite ore from

Newfoundland was shipped to Philadelphia for sampling and analysis, and this

revealed that the ore contained around 50% CrrO. (Rothwell, 1898). The ore was

then sent to Pittsburgh, and used in the manufacture of chrome brick for basic lining

of furnaces. However, there were no shipments of chromite from Newfoundland

during 1897 even though the mines were in operation, and a considerable quantity of

chromite was carted to the shore where around 2,OOO tonnes of ore was stockpiled.

The reason no shipments of chromite were made from Newfoundland in 1897 was

that the Halifax Chrome Co, which controlled the chromite deposits, had undertaken

to provide shipping facilities, but was prevented from doing so by the officers of

French and British cruisers visiting the area on the ground that the erection of

structures on the west coast of Newfoundland was forbidden by the Treaty of Utrecht

(Rothwell, 1898). This provides an early example of a case where the export of

chromite was effectively prevented by political action. However, in 1898 about 700

tonnes of dressed chromite ore of Bluff Head origin and averaging 55% CrrO, was

exported from Newfoundland as recorded in Rothwell (1899).

United States

Priorto 1878 large quantities of chromite were mined in the United States in

Maryland and Pennsylvania. However, during the period from 1879 to 1899 almost

the entire domestic production of chromite in the United States came from California

where chromite was first discovered in 1869. During the period 1892-1899 annual

chromite production by the United States reached a maximum of 3,000 tonnes in

1894, þut amounted to less than 500 tonnes during each of the years 1897-1899 as

shown in Table 1.
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ln '1892 California was the only commercial source of United States chromite

(Rothwell, 1893), and the only mine being systematically exploited at that time was the

Pick and Shovel located near San Luis Obispo. Othenryise, chromite was quarried by

farmers on an irregular basis and sold to dealers in small lots. Much of the known

Californian chromite ore assayed less than 47.5o/o CrrO, and was not commercially

viable at that time, while richer deposits were located in areas where the cost of

transport to market was prohibitive. lt was recorded by Rothwell (1893) that no ore

containing less than 50% CrrO. could be shipped from San Francisco, even at ballast

rates, around Cape Horn to the eastern United States in competition with Turkish ores

from the Mediterranean.

Chromite production by the United States during the period 1892-1899 was

insufficient to meet domestic requirements, which were met to a large extent by

imports. The main supply of United States chromite imports during the period came

from Turkey, although larger quantities of chromite were imported during the latter

part of the period from Canada and New Caledonia (Rothwell, 1899). During 1892

United States chromite imports amounted to 5,000 tonnes compared with domestic

production of 2,000 tonnes and in 1895 also imports were 5,000 tonnes compared

with production of 2,000 tonnes, whereas in 1898 imports were 17,000 tonnes

compared with production of only 100 tonnes as observed in Rothwell (1897 &1900).

Formanyyears priorto 1897 United States chromite production had been confined to

California, but in 1897 production from California amounted to only 50 tonnes then in

1898 ceased completely, while production in the Pennsylvania-Maryland region

resumed on a small scale in 1897 (Rothwell, 1899).

An existing duty of 15% on imported chromite ore was to be abolished by the

Wilson tariff þill pending before Congress so that chromite ore would then be admitted

free of duty into the United States (Rothwell, 1894). Abolition of the duty would make

imported chromite ore even more competitive in the United States market. ln a

decision of the United States Circuit Court of Appeals in the case of United States v
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Dana & Co it was held (Rothwell, 1900) that ferrochromium should þear a tariff of $4

per ton as for ferromanganese whereas the government had contended that a larger

2Oo/o ad valorem duty should have been paid. However, the existence of a duty on

ferrochromium while chromite was admitted free of duty would have tended to favour

the import into the United States of chromite rather than ferrochromium.

CHROMITE CONSUMPTION AND IMPORTS

During the period 1892-1899 chromite consumption took place mainly in the

United States and Europe, and except for domestic production in the United States

and Soviet Union as discussed above the supply of chromite for consumption was

dependent on imports from producing countries such as Turkey and New Caledonia.

The chief use of chromite (Rothwell, 1893) was in the manufacture of

potassium dichromate, which was used extensively in calico printing and also formed

the basis for many pigments such as chrome yellow, chrome orange, and chrome

green. ln addition, considerable quantities of potassium dichromate were used in the

construction of some forms of electric battery. Further, the use of sodium dichromate

had been introduced extensively during the previous five years. A relatively small

proportion of the total chromite supply was consumed in the production of

ferrochromium for use in making chrome steel, which in contrast with common steel

had great hardness, and was valuable in the manufacture of such products as cutting-

tools, stamp-shoes and dies, and safes. However, even though by far the greatest

quantity of chromite was consumed in the chemical industry, its metallurgical use in

the manufacture of ferrochromium was growing in importance (Rothwell, 1994). At

that time only high grade chromite could be used economically in the chemical

industry, whereas ore of lower grade sufficed for use in the metallurgical and

refractory industries.

Itwas reported in Rothwell (1897) thatthe use of chromite as a refractoryfor

furnace lining was growing rapidly, and that the mineral was being employed with very

satisfactory results both in reverberatory copper-smelting furnaces and in open-hearth
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industry was much less than in the chemical industry. During 1892-1899 the tonnage

of ferrochromium entering international trade was probably relatively small, although in

Rothwell (1900) reference was made to exports from France to Germany and the

United Kingdom of ferrochromium manufactured at Boucau in south-western France.

ln 1898 ferrochromium exports by France to Germany amounted to 400-500 tonnes

while those to England amounted to only 40-50 tonnes. These exports were made at

a time Krupp in Germany was reported to be involved in the manufacture of armour

plate containing chromium.



33

Chapter 3

TRADE AGGREGATES 1 9OO-1 909

Detailed statistics on international trade in chromite and ferrochromium are

not available for the period 1900-1909, and the following discussion of international

trade in these commodities during that period is based on information contained in

contemporary reports on the chromium industry. The importance of international trade

during the period is revealed, and factors that operated in the determination of its

pattern are outlined. The discussion examines first the geographical distribution of

chromite production then considers the geographical location of chromite

consumption. Finally, some discussion is given on the position of ferrochromium

during the period.

During the period 1900-1909 the largest producer of chromite in the world

was New Caledonia, while large chromite production was recorded also by the Soviet

Union. ln addition, significant quantities of chromite were produced during the period

by Turkey, Greece, and Canada, while lndia emerged as a chromite producer in 1903

and Zimbabwe became a chromite producer in 1906 after which its production rose

rapidly. Australian chromite production declined then ceased during the decade, and

United States production was small throughout the period. The distribution of world

chromite production during 1900-1909 is shown in detail in terms of tonnage and

percentage in Tables 2 and 12. The tonnage of world chromite production reached its

highest level for the decade in 1909 when world production amounted to 133,000

tonnes.

New a

The emergence of New Caledonia as an important chromite producer after

1895 has been discussed in the previous chapter. During the period 1900-1909

chromite production by New Caledonia averaged 32,000 tonnes a year, and its
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production amounted to 36% of world production during the decade. New Caledonian

chromite production reached its highest level of 57,000 tonnes in 1906 (Table 2), and

during that year its production represented 56% of world production (Table 12).

During the period to 1900 the principal chromite deposits mined in New

Caledonia were located in serpentine in the mountains at the southern end of the

island (Rothwell and Struthers, 1901). The chromite in these deposits occurred in

"lenses" of large size. The Lucky Hit and Pensee deposits each yielded around

14,000 tonnes of chromite, while production from the Josephine and Alice Louise

deposits, which were still being worked, amounted to around 18,000 tonnes and

10,000 tonnes respectively. The deposits included a capping of "alluvial" ore

described earlier, and the layer of "alluvial" ore at times exceeded nine metres in

thickness. This ore was easily concentrated by sluicing after which the enriched ore

was dried and bagged for shipment. Even though the "alluvial" ore contained less

chromite than the "rock" ore, it was of greater value as it occurred nearer the surface,

was easily mined, did not require crushing, and could be easily concentrated by

washing to produce a good quality product containing not less than 50% CrrO.. ln

contrast, the "rock" ore had to be beneficiated by hand dressing prior to marketing.

During the years immediately prior to 1902 the great bulk of New Caledonian

chromite ore came from mines at Baige N'go in the southern part of the island.

However, it was reported by Struthers and Fisher (1903) that some mines in the area

were closed in 1902 due to poorness of the ore, while production in the remaining

mines had been considerably reduced. ln consequence, chromite production by New

Caledonia dropped from 17,000 tonnes in 1901 to 10,000 tonnes in 1902. However,

chromite mining had recently commenced in the Gomen district on the north west

coast of New Caledonia, and the prospects there appeared promising. Further, it was

reported in Struthers and Fisher (1903) thattwo French mine owning companies had

combined to form Societe le Chrome, a company with substantial capital. The

company planned to develop three mines located in the Mt. Tiebaghi, Plum, and



35

South Bay regions. The deposit at Mt. Tiebaghi was leased to a British company,

which had contracted to mine a minimum of 10,000 tonnes of ore and to pay a royalty

based on the tonnage mined. A large quantity of ore had been mined already in the

Plum region, which included the Lucky Hit, and developments were expected to result

in a large output in the future. At South Bay the ore was particularly rich, and it was

proposed to build a railway from the deposit to a favourable port. The planned

developments augered well for the future of chromite mining in New Caledonia.

ln 1903 chromite production in New Caledonia increased to 21,000 tonnes

compared with 10,000 tonnes in 1902 (Table 2), and New Caledonian chromite was

increasing in importance in world markets in which it was replacing Turkish chromite

(Newland, 1904). Several large shipments were made to the United States during

1903 at favourable freight rates, and only high grade ore containing 50-56% CrrO.

was exported. As well as being very rich in CrrO. the ore had an unusually low silica

content, and it was regarded as very desirable for the manufacture of both chromium

chemicals and ferrochromium. ln 1904 New Caledonian chromite production rose

sharply to 42,000 tonnes (Table 2), and there was apprehension that competition from

New Caledonia might seriously affect the chromite industry in other countries.

According to Judd (1905) increased chromite exports from New Caledonia in 1904

had resulted in a decline of around $5 per tonne (about 2Oo/o) in the price delivered in

New York of ore containing 50% CrrOr. During 1904 New Caledonian chromite

exports amounted to 42,000 tonnes, and of these 17,000 tonnes were shipped

directly to the United States. The rapid increase in exports by New Caledonia was

made possible by the great richness of the ore and extensiveness of the orebodies,

and by the low freight rates at which shipments could be made.

By 1904 the principal factor in the New Caledonian chromite industry was

Societe le Chrome formed in 1902 as a combination of producing interests. Mining

was most active at Tiebaghi, where the ore was especially rich and required no

mechanical concentration. As stated by Judd (1905) the ore was shipped in large lots
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During 1907 the Tiebaghi and Lucky Hit mines continued to þe the principal

sources of chromite production in New Caledonia. However, the Tiebaghi mine

became inactive during the year pending alterations in the mode of transport (Yale,

1908), and this accounted forthe drop in chromite production by New Caledonia from

57,000 tonnes in 1906 to 25,000 tonnes in 1907 (Table 2). ln 1908 chromite

production by New Caledonia rose again to 47,000 tonnes.

Chromite exports by New Caledonia in 1908 amounted to 46,000 tonnes, but

fell to 32,000 tonnes in 1909 (Horton, 1910). During 1909 the price of chromite

reached a very low level, and was quoted at $5-35 per tonne for 50% CrrO. in bulk at

the mines and $8-35 per tonne in sacks f.o.b. Noumea. During 1909 the entire

chromite production by New Caledonia came from the Tiebaghi mine, and in view of

large stocks on hand its output was reduced to 3,000 tonnes per month. At the end of

1909 chromite stocks in New Caledonia were around 21,000 tonnes.

Soviet Union

During the period 1900-1909 the Soviet Union was the second largest

chromite producer in the world with an average annual chromite production of 21,000

tonnes. However, it appears that chromite production by the Soviet Union during the

period was used entirely for domestic consumption. According to Horton (1910) the

principal chromite mines in the Soviet Union were located in the Urals, where there

were about fifty mines. The market for ore was at Ekaterinburg.

Turkev

During the period 1900-1909 the level of Turkish chromite production varied

considerably as indicated in Table 2. However, it should be mentioned that no official

production statistics were published by the Turkish government, and reliable statistics

were difficult to obtain due to the fact that smuggling was constantly carried on to

avoid export duty while on many occasions chromite ore was probably shipped as iron

ore (Rothwell and Struthers, 1901).

The principal chromite deposits in Turkey were located near Bursa, lzmir, and



38

Salonica. The largest chromite producer was the Daghardi mine situated in the Bursa

region. lt had an annual output of 12,000-15,000 tonnes of ore containing 51-55%

CrrO, as described in Struthers and Fisher (1903). About two-thirds of the output of

the Daghardi mine was exported to the United Kingdom, while the balance was sent in

roughly equal proportions to the United States and Germany.

The Turkish government imposed a royalty of 2Oo/o on the value of chromite

produced, and also a duty of 1o/o on the value of chromite exported (Struthers and

Fisher, 1903). These taxes did not depend on profitability, and had the effect of

reducing the competitiveness of Turkish chromite.

Competition from New Caledonia and adverse internal conditions had

brought about a crisis in the Turkish chromite industry (lngalls, 1907), and these

factors greatly diminished its importance in the world market. Chromite exports by

Turkey dropped from around 40,000 tonnes in 1901 to only a few thousand tonnes a

year by 1906. The transportation of chromite from New Caledonia to the United

Kingdom and United States was comparatively inexpensive as the chromite was

shipped largely as ballast, and this made it difficult for Turkey to compete with the

delivered prices at which this ore could be sold. The difficulty was accentuated by the

high cost of internal transport in Turkey due to poor roads, and by burdensome

Turkish taxes that were levied not only on the value of chromite as mined, but on its

value after high haulage costs had been added to the cost of production.

The price of chromite dropped so much that many Turkish mines, especially

those far from railways, could no longer be worked profitably (lngalls, 1909). lt was

recorded that the Daghardi mine, previously the largest chromite mine in Turkey, had

ceased operations. Also, the firm of Paterson & Co, which had been a major force in

the production and export of Turkish chromite, had returned all its mines to the

Turkish government as the annual tax on the ownership of the mines could not be

justified by their profitability. ln Horton (1910) reference was made to a decrease in

both the production and export of chromite by Turkey due to a decline in price of the
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ore

Greece

During the period 1900-1909 Greek chromite production averaged 9,000

tonnes a year and comprised 10% of world production during that period. The level of

production varied somewhat from year to year (Table 2), and its share of world

production tended to decline from the peak of 28o/o rcached in '1902 (Table 12).

According to Struthers (1902) chromite production in Greece came from the

Bourdaly mines in Thesally. The ore in the deposit contained 32.3o/o Cr2O3, and most

of the production from the mines was exported to Austria for use in the manufacture

of ferrochromium. However, some Greek chromite was exported also to the United

States. A large proportion of the chromite mined in Greece came from the one

deposit in Thesally (Higgins, 1908).

Canada

Chromite production by Canada during the period 1900-1909 averaged 5,000

tonnes a year, and production was greatest during the years 1904-1908 (Table 2)

when it averaged 7,000 tonnes a year.

During the period 1900-1909 Canadian chromite production came from mines

in the Black Lake district of the Province of Queþec, and there was no chromite

production in Newfoundland. The mining and milling of chromite in the Black Lake

district is described by Strangways (1908). lt was found that a significant

improvement in the grade of Black Lake chromite concentrates could be achieved by

combining the gravity and magnetic methods of concentration (Struthers and Fisher,

1903). The leading chromite producer in the district was the Black Lake Chrome and

Asbestos Company, and it was reported (Newland, 1904) that the company erected a

new concentrator in 1903 and was preparing to increase its output. Subsequently,

there was an increase in Canadian chromite production as seen in Table 2.

According to Judd (1905) the Black Lake Chrome and Asþestos Company produced a

first-grade chromite concentrate ranging around 52o/o Cr2Os and containing not more
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than 3% silica, while second-grade concentrate carried 45o/o CrrO. and was used in

the manufacture of ferrochromium. lt was reported by lngalls (1907) that the high

grade concentrate running 5O-54o/o CrrO. was coming into direct competition with high

grade ore from New Caledonia, and that the Black Lake Chrome and Asbestos

Company had become an important factor in the chromite trade of North America.

The chief market for Canadian chromite in 1908 was the United States (Horton, 1910).

lndia

During the years 1904-1909 lndian chromite production averaged 7,000

tonnes a year, and reached its highest level for the period in 1907 when production

amounted to 19,000 tonnes.

Chromite deposits in the Peshin and Zhob districts of Baluchistan were

investigated in 1903 by the lndian Geological Survey (Newland, 1904). During the

investigation an orebody 122 metres long and 1.5 metres wide containing 54% CrrO.

was found near Khanogia in the Peshin district. According to Judd (1905) chromite

deposits in the Peshin and Zhob districts were opened up for export, and chromite

production during the first half of 1904 amounted to almost 2,000 tonnes.

During 1904-1906 (Table 2) lndian chromite production averaged 4,000

tonnes a yearand came from the State of Baluchistan, but in 1907 11,000 tonnes of

chromite was mined in the State of Mysore, where there had þeen no production

previously, and this largely explained the rise in lndian chromite production to 19,000

tonnes in 1907 (Table2). However, mostof the chromite produced in Mysorewas not

sold, and in view of this lndian chromite production in 1908 dropped to 5,000 tonnes

as explained by Horton (1910). Presumably chromite production by lndia during 1908

came largely from Baluchistan. However, lndian chromite production rose from 5,000

tonnes in 1908 to 9,000 tonnes in 1909 (Table 2), and according to Fay (1911) this

increase in production was from Mysore.

Zimbabwe

Chromite production by Zimbabwe rose from 3,000 tonnes in 1906 to 37,000
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tonnes in 1909 (Table 2), and during 1909 its production amounted to 28o/o of world

production (Table 12).

It was reported (lngalls, f 907) that chromite ore was produced from large

deposits in the neighbourhood of Selukwe in central Zimbabwe, and that it was

shipped to the United Kingdom and the continent of Europe via Beira in Mozambique.

Reference was made by Yale (1908) to the increasing importance of chromite from

Selukwe. A sample of chromite ore from Selukwe sent to the lmperial lnstitute in

London was reported to contain 46.40/o CrrO., 13.2o/o Al2O3, 18.7o/o FeO, and 4.6%

SiOr. The growth in chromite production by Zimbabwe during the years 1906-1909 is

shown in Table 2, and shipments of chromite ore from Beira in 1909 amounted to

around 23,000 tonnes (Horton, 1910). The ore was mined at Selukwe and sent by rail

to Beira for shipment. The greater part of the ore shipped in 1909 was sent to the

United States, but some went to France, Netherlands, Belgium, ltaly, and the United

Kingdom.

Australia

Chromite production by Australia during both 1900 and 1901 amounted to

3,000 tonnes and in 1903 to 2, 000 tonnes whereas during other years of the decade

it did not exceed 500 tonnes (Table 2). Most of the production came from the

Gundagai district of New South Wales. Two factors appear to have contributed to the

decrease in Australian chromite production from the level of 5,000 tonnes reached in

1899. First, smaller deposits in the district became exhausted (Struthers, 1902), and

secondly there was a decline in the average grade of ore lo 460/o CrrO. whereas ore

containing 50% CrrO. was the lowest grade that could be marketed for export (Judd,

1 e05).

United States

During the period 1900-1909 United States chromite production was small

(Table 2). Production during the period came from California, and was used as a

refractory for lining furnaces at copper smelters in that state (Yale, 1908). Even
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though United States chromite deposits were known in California and North Carolina,

they were remote from the manufacturing centres in the Northeastern United States

where large quantities of chromite were consumed, and ore from these deposits was

unable to compete with low cost high grade foreign ores that entered the United

States free of duty (Judd, 1905).

CHROMITE CONSUMPTION AND IMPORTS

During the period 1900-1909 chromite consumption was located mainly in the

United States and Europe, and except for domestic production in the Soviet Union

and a small quantity of production in the United States the supply of chromite for

consumption came from imports obtained from producing countries such as New

Caledonia and Turkey .

Chromite consumption during the period 1900-1909 took place in the

chemical, refractory, and metallurgical industries. According to Judd (1906) chromite

was consumed in the making of chromium salts for use in the dyeing and tanning

industries, the manufacture of chromite brick for refractory purposes, and the

production of ferrochromium for use in making special steels.

ln connection with the metallurgical application of chromite, reference was

made in Rothwell and Struthers (1901) to the use of ferrochromium in the production

of Krupp armour plate for protective purposes in naval vessels. However, apart from

armour plate and armour-piercing projectiles, ferrochromium was used in the

manufacture of other products including tool steel, magnet steel, bridge steel, rails,

wire, cutlery, safes, axles, springs, stamp-mill shoes, and ore-crusher jaws.

Regarding the refractory use of chromite, there was an increase in demand for

chromite as a lining for furnaces as the life of such linings was several times greater

than that of any other known refractory (Struthers, 1902). ln this application both brick

and lump chromite were employed. However, despite the rapidly growing importance

of chromite consumption in the manufacture of ferrochromium and chromite

refractories, the chief consumer of chromite continued to be the chemical industry in
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which chromite was used for the manufacture of chromium salts (Judd, 1906).

United States

During the period 1900-1909 annual chromite consumption by the United

States was closely related to annual chromite imports as shown by statistics published

in Fay (1911). However, both consumption and imports of chromite showed

substantial fluctuation during the decade. Chromite consumption by the United States

rose irregularly from 18,000 tonnes in 1900 to a peak for the decade of 56,000 tonnes

in 1905 and amounted to 41,000 tonnes in 1909, while chromite imports by the United

States during each of these years were around the same level as consumption.

The Mutual Chemical Company of America had plants at Baltimore and

Boston and was the chief consumer of chromite for the manufacture of chemicals,

while the Harþison-Walker Refractories Company of Pittsburg was the principal

manufacturer of chromite bricks, and the Chrome Steel Works of Chrome, New

Jersey, was the leading producer of ferrochromium based alloys (Horton, 1910).

Each of these consumers was located in the Northeastern United States.

Except for small quantities of chromite produced and consumed in California,

the entire chromite consumption by the United States during the period 1900-1909

was supplied by imports. These were oþtained from a number of countries including

New Caledonia, Turkey, Greece, Canada, lndia, and Zimbabwe.

Europe

Although detailed statistics are not available on chromite consumption or

imports by individual countries in Europe during the period 1900-1909, it appears that

the Soviet Union, Germany, and the United Kingdom were the main chromite

consuming countries, although other countries including France, Noruay, and Austria

were also consumers. ln the Soviet Union chromite consumption was satisfied by

domestic production. However, other chromite consuming countries in Europe were

not producers of chromite, and in consequence had to depend on imported chromite

from countries such as New Caledonia, Turkey, and Zimbabwe.
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FERROCHROMIUM

There is not a great deal of information available on the production of or

international trade in ferrochromium during the period 1900-1909. However, during

this period the consumption of chromite in the metallurgical industry was less than in

the chemical industry, and it is likely that international trade in ferrochromium was

relatively insignificant compared with that in chromite. During 1900-1909

ferrochromium production took place in a number of countries including the United

States, Canada, France, and Austria.

According to Rothwell and Struthers (1901 ) three firms were involved in the

manufacture of ferrochromium in North America in 1900. The Willson Aluminium

Company with works at Halcomb Rock in Virginia and at Kanawha Falls in West

Virginia, and the Alloy Smelting Company at Niagara Falls in New York were located

in the United States, while a third firm was situated at Hamilton, Ontario in Canada.

The ferrochromium was produced by reduction in electric arc furnaces using chromite

ore imported from Turkey, and contained an average 71.2o/o Cr,5.7o/o C, and 0.5%o Si.

Ferrochromium consumption by the United States in 1900 was estimated at around

2,000 tonnes, and this was probably supplied mainly from plants located in the United

States.

ln 1903 the main consumer of ferrochromium in the United States, the

Chrome Steel Works, shifted its operations from Brooklyn in New York to Chrome in

New Jersey, where new plant had been installed (Newland, 1904). The new works

were equipped for the manufacture of chromium steel plates, angles, and þars for

which it had an annual production capacity of around 60,000 tonnes of steel.

It was reported in Judd (1905) that the Willson Aluminium Company with

plants at Kanawha Falls and Holcomb Rock was the only producer of ferrochromium

in the United States, and that the company had doubled its output to produce 2,500

tonnes of ferrochromium in 1904. However, much of this production was exported to

Sheffield in England for use in the manufacture of projectiles for which demand had
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increased as a result of the Eastern War.

ln 1905 ferrochromium production by the Willson Aluminium Company

decreased to around 2,000 tonnes due to the temporary stagnation of United States

warship building pending a decision of the Congressional naval construction

committee regarding the design of two new þattleships recently authorised, and during

the latter part of 1905 consumption of ferrochromium for making armour plate ceased

entirely (Judd, 1906). ln view of the reduced demand for ferrochromium in the United

States, almost the entire output of the Willson Aluminium Company was exported to

Sheffield in England and to Japan.
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Chapter 4

TRADE AGGREGATES 1 91 O-1919

ln order to examine the significance of international trade in chromite during

the period 1910-1919 and to appreciate the factors that have operated in determining

its pattern, the geographical distribution of chromite production and chromite exports

is studied first and then consideration is given to the geographical location of chromite

consumption and imports. Finally, the position of ferrochromium during the period is

discussed.

CHROMITE PRODUCTION AND EXPORTS

The location of world chromite production by country during the period 1910-

1919 is shown in terms of tonnage and percentage in Tables 3 and 13. Zimbabwe

and New Caledonia were by far the largest chromite producing countries in the world

during 1910-1919, and accounted for 30% and 29o/o respectively of world chromite

production during the decade. Other chromite producing countries during the period

included the United States, lndia, Canada, Turkey, Greece, Soviet Union, Japan,

Brazil, and Cuba as seen in Table 3. ln the case of the United States, lndia, and

Canada there was a dramatic increase in chromite production during the years 1916-

1918 corresponding to the latter part of World War l, while Brazil and Cuba emerged

as chromite producers towards the end of the decade. Total world chromite

production reached a record level of 288,000 tonnes in 1918 then dropped to 142,000

tonnes in 1919.

Ïhe distribution of world chromite exports by country of origin during the

period 1913-1919 is shown in terms of tonnage and percentage in Tables 21 and29.

It is seen that New Caledonia and Zimbabwe were by far the largest chromite

exporting countries in the world during the period 1913-1919, and these countries

were responsible for 38o/o and 35% respectively of world chromite exports during that

period. Total world chromite exports rose to a record level of 196,000 tonnes in 1916
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then fell to 87,000 tonnes in 1919 (Table 21).

The two largest chromite producing countries in the world during 1910-1919,

namely Zimbabwe and New Caledonia, were also the two largest chromite exporting

countries, while other chromite producing and exporting countries during the decade

included lndia, Canada, and Greece. ln contrast, the United States and Soviet Union

were chromite producers, but not chromite exporters during the period.

Zimbabwe

The emergence of Zimbabwe as a chromite producer in 1906, and the rapid

rise in its production to 37,000 tonnes in 1909 when its production was exceeded only

by that of New Caledonia has been described in the previous chapter. During the

period 1910-1919 annual chromite production by Zimbabwe averaged 54,000 tonnes

a year compared with an average of 51,000 tonnes a year by New Caledonia, and

these two countries together accounted for almost 60% of world chromite production

during the decade.

ln Of (1912) it was reported that Chrome Company Ltd with a capital of

€190,000 had recently been formed. This company had a contract to acquire the

chromite output of the Tiebaghi mine in New Caledonia, and also had made

arrangements with Rhodesia Chrome Mines Ltd in Zimbabwe to market its output.

Thus, the two most important chromite producers in the world were linked by a

common marketing organisation.

Chromite production by Zimbabwe increased from 40,000 tonnes in 1910 to a

peak forthe decade of 81,000 tonnes in 1916 then fell to 32,000 tonnes in 1918 and

1919 (Ïable 3). ln 1916 chromite production by Zimbabwe amounted to 30% of world

production (Table 13), and this was the same as the percentage contribution of

Zimbabwe to world chromite production during the decade 1910-1919.

By early in the decade the Selukwe deposits had developed into an important

source of chromite, and production was rising rapidly (Of, 1912). The deposits

comprised a huge segregated mass of chromite associated with serpentine, and the
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ore was reported to contain 46.30/o CrrO.. The ore was easily quarried and the

deposits were situated in close proximity to the railway. Production costs were low

and the supply of ore was exceedingly large. The deposits at Selukwe were worked

by Rhodesia Chrome Mines Limited, which was an English controlled company, and

the ore was sent by rail from Selukwe in the Matabeleland region of Zimbaþwe to

Beira in Mozambique, a distance of 900 kilometres.

According to Roush (1915) more than 130 lenses of chromite had been

mapped on the surface at Selukwe, and these ranged in length from around 45

metres to 140 metres. Ten of the lenses were at the chromite mines, partly merging

into each other, and were easily mined by ordinary quarrying methods.

Chromite production by Zimbabwe rose to a record level of 81,000 tonnes in

1916 (Table 3) in response to increased demand for exports associated with the war,

but dropped to 32,000 tonnes in 1918. Much of the decrease in production during

1918 was attributed by Dolbear (1919) to the lack of ships for carrying exports.

During the period from 1907 to 1919 the chromite deposits at Selukwe had yielded

more than 600,000 tonnes of ore, and it was stated (Dolbear, 1920) that large

quantities of ore remained in reserve.

The discovery of a chromite deposit in the Umvukwes Range of Zimbabwe

was recorded by Dolbear (1919). The deposit was reported to be larger than any

other previously developed in any country, and it was stated that a survey had proved

the existence of 2,000,000 tonnes of ore averaging 53o/o Cr2O, The deposit was

located about 50 kilometres from the railway, and it was suggested that if a branch

line were constructed to meet the main railway line at Banket Junction then the cost of

ore delivered at Beira would be low.

However, by the end of 1919 the Umvukwes Range deposit had not been

developed because of its distance from the railway and the inability of the owners to

secure contracts for the output (Dolbear, 1920). The inability to secure contracts was

probably hindered by the depressed world market for chromite in the immediate post-
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no chromite exports by Zimbabwe to Germany were made after the outbreak of war

between the United Kingdom and Germany in 1914.

The pattern of total chromite exports by Zimbabwe during the period 1913-

1919 as shown in Table 21 was determined to a large extent by the factors operating

on exports by Zimbabwe to the United States and the United Kingdom during that

period.

New Caledonia

During the period 1910-1919 chromite production by New Caledonia

averaged 51,000 tonnes a year, which was only slightly lower than that of Zimbabwe.

New Caledonian chromite production during the period reached its highest levels of

83,000 tonnes and 74,000 tonnes in 191 1 and 1916 (Table 3), and during those years

its production amounted to 52o/o and 28% respectively of world chromite production

(Table 13). ln 1919 chromite production by New Caledonia dropped to 24,000 tonnes,

and its production in that year was 17o/o of world production.

According to Fay (1911) the principal chromite mines in New Caledonia were

the Tiebaghi and the Lucky Hit. The Tiebaghi mine had a production capacity of

4,000-5,000 tonnes of ore a month and yielded high grade ore containing 55-57%

CrrO., while the Lucky Hit mine was capable of producing a low grade ore that

contained 3O-4Oo/o CrrO. and required concentration. However, under an agreement

with the owners of the Tiebaghi mine, the Lucky Hit mine was closed throughout the

period 1910-1919 (Dolbear, 1922), and a large proportion of the chromite production

by New Caledonia during the decade 1910-1919 came from the Tiebaghi mine. ln

addition, about 60,000 tonnes of chromite having a grade of 53% CrrO. was extracted

from the Vereingetorix mine situated on the east coast at Unia, about 100 kilometres

from Noumea. This mine was opened in 1913, but became exhausted in 1919

(Dolbear, 1922).

From 1911 the Tiebaghi mine was held by Societe la Tiebaghi, an

organisation registered in Paris, and the chromite ore from the Tiebaghi mine was
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of chromite throughout the decade 1910-1919 as discussed subsequently under

consumption and imports.

During the years 1910-1914 the small tonnage of chromite produced in the

United States was mined in California. However, in view of the long railway haul

across the United States it was not possible for Californian chromite to compete in the

Atlantic states with cheaply delivered foreign ore entering duty free into the United

States as indicated in Roush (1915).

ln view of the European war the United States was experiencing difficulty

during 1915 in securing chromite from New Caledonia, and United States consumers

were obliged to look to California as a source of supply (Dolbear, 1916). All the larger

consumers became represented in California, and offers to purchase chromite

resulted in the opening up of many new deposits as well as the development of some

of the old ones. ln 1915 chromite production in California amounted to 3,000 tonnes,

which was more than six times annual chromite production by the United States

during the years 1910-1913 (Table 3).

During 1916 chromite production by the United States amounted to 48,000

tonnes (Table 3), which was by far the largest chromite production ever recorded in

the United States, and more than twelve times that of the previous year. A large

proportion of this production came from California, although Oregon became a

chromite producer in 1916 and shipped 3,000 tonnes of ore (Dolbear, 1917).

Most of the deposits mined in California were small and yielded less than 100

tonnes of ore, although production from a few deposits was in excess of 1,000

tonnes. New discoveries were being made constantly, and the demand for chromite

at high prices stimulated prospecting in every field where ore was likely to occur.

Further, the increased price of ore made it possible to work deposits that previously

were too remote from rail transportation to justify operation (Dolbear, 1917). The price

of chromite was based on ore containing 4Oo/o Cr2Os and not more than 87o SiO2. A

premium was paid for each 1o/o Cr2Os in excess of 4Oo/o, and a penalty was exacted
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Chrome also stated thatthe increased price would remain constant during 1918 and

that contracts could be entered into for ore produced during the rest of the year.

However, on 31st July the company undertook a policy of retrenchment and within

sixty days had withdrawn from the market. This action resulted from the unexpected

quantity of chromite imports into the United States, which by one pretext or another

escaped the embargo. During 1918 chromite imports by the United States amounted

to 102,000 tonnes of which 81,000 tonnes were brought in by water (Dolbear, 1919).

The remaining imports were produced in Canada and imported by rail.

The policy of the United States government in relation to chromite was

applied also to other "war minerals", and resulted in the introduction and passage of a

Mineral Control Bill. This was not made law until Sth October, 1918, and did not

become operative (Dolbear, 1919). The Mineral Control Bill anticipated the

maintenance of a market for domestic chromite production for two years after the

declaration of peace, and in many cases preparations had been made for this by the

erection of concentrating plants, the construction of expensive roads, and other

developments of which the cost could not be recovered in a shorter period. However,

the domestic chromite market in the United States collapsed during 1918 as a result

of large imports and failure to make the Mineral Control Bill operative. Then, at the

end of the war, the demand for both domestic and imported chromite dropped, and

the effect of this decrease in demand was accentuated by the availability of

accumulated stocks. These circumstances resulted in a decrease in the price of

chromite and reduction in the level of production.

At the end of 1918 unsold stocks of chromite in the hands of miners in the

United States as advised to the U.S. Geological Survey were reported in Dolbear

(1919) as amounting to 42,OOO tonnes. ln addition, large stocks of chromite were held

by consumers atthe end of 1918 (Dolbear, 1921), and one firm alone had stocks of

more than 50,000 tonnes of chromite at its plant in December 1918.

During 1919 chromite production by the United States dropped dramatically
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the years 1916-1919 (Table 21), and during that period averaged 18,000 tonnes a

year. lndian chromite production and exports each reached their highest level for the

decade in 1918 when they amounted to 59,000 tonnes and 41,000 tonnes

respectively (Tables 3 and 21).

The chromite deposit near Khanogia in Baluchistan, the discovery of which

was referred to in the previous chapter, contained 54o/o Cr2Os and was connected by

a good road to the railway at Khani, a distance of about 27 kilometres as described by

Rumbold (1921). ln 1914 the Baluchistan Chrome Co Ltd, which was registered in

England, acquired chromite leases in the Hindubagh district of Baluchistan. A railway

was constructed from Hindubagh to Khani, and chromite shipments from these leases

commenced in 1917 (Rumbold, 1921).

The increased production and exports of chromite by lndia during the years

1916-1918 were assisted by the strong demand and high prices for chromite

prevailing during the war. Statistics on the origin of chromite imports into the United

States during the years 1915-1919 recorded by Dolbear (1920) indicate that there

were no chromite exports by lndia to the United States during that period, and it is

likely that chromite exports by lndia went to the United Kingdom and other countries in

Europe.

During the period 1916-1919 chromite production by lndia was significantly

greater than chromite exports, and this difference is probably explained to some

extent at least by demand for chromite from the large domestic leather tanning

industry, which used chromium salts manufactured from chromite as referred to in

Roush (1923).

Canada

During the years 1910-1914 annual chromite production by Canada did not

exceed 500 tonnes. However, Canadian chromite production then rose continuously

and rapidly from less than 500 tonnes in 1914 to 33,000 tonnes in 1917 after which it

declined to 9,000 tonnes in 1919 (Table 3). ln 1917 chromite production by Canada
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Metallurgical Co of Niagara Falls, and this company was a ferrochromium

manufacturer. lt is interesting to observe (Roush, 1923) that chromite consumption in

the United States during 1922 was divided in the ratio of 4Oo/o tor ferrochromium, 35%

for refractories, and 25o/o for chemicals, which is very different to the situation

described earlier as existing during the pre-war period.

The uses of chromite in the metallurgical, refractory, and chemical industries

were described in detail by Rumbold (1921), and these were essentially similar in type

to many of its uses in more recent times as discussed in Chapter 1. These included

the metallurgical use of chromite in the production of a range of chromium steels and

chromium alloys. Even though stainless steel was not discovered until 1913 as

described in Chapter 1, it was reported by Rumbold (1921) to be employed in a variety

of applications including cutlery, exhaust valves for aeroplane engines, turbine blades,

acid pumps, evaporating pans, and steam traps.

United States

Chromite imports by the United States rose from 39,000 tonnes in 1910 and

38,000 tonnes in 1911 to a peak for the decade of 116,000 tonnes in 1916 then

decreased to 62,000 tonnes in 1919. United States chromite imports during the

period 1914-1918 averaged 89,000 tonnes a year compared with an average of

46,000 tonnes a yearduring the period 1910-1913. During the years 1910-1915 and

in 1919 a very large proportion of United States chromite supply was derived from

imports, and even during the years 1916-1918 when production of chromite by the

United States increased tremendously chromite imports were greater than domestic

production. This was despite a shortage of shipping during the years 1916-1918, and

a supposed prohibition against chromite imports by water after April 1918. However,

these factors contributed to the fact that chromite imports by the United States

reached their highest level for the decade in 1916 whereas chromite production by the

United States was at its greatest in 1918. Nevertheless, United States chromite

imports in 1918 amounted to 102,000 tonnes, and were greater than the record
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Chapter 5

TRADE AGGREGATES 1 920-1929

An examination of the geographical distribution of world chromite production,

exports, and imports during the period 1920-1929 shows that a large proportion of

world chromite production took place in Zimbaþwe, New Caledonia, and lndia, and

that these countries exported almost their entire production. Further, a large

proportion of world chromite imports during 1920-1929 were made by the United

States, Germany, and the United Kingdom, and these countries were not chromite

producers of any consequence. ln addition, a number of other countries were

involved on a smaller scale in the export and import of chromite during the period.

These observations indicate the tremendous importance of international trade in the

chromium industry during the decade.

CHROMITE PRODUCTION AND EXPORTS

The geographical distribution of world chromite production during the period

1920-1929 is given in terms of tonnage and percentage in Tables 4 and 14.

Zimbabwe was by far the largest chromite producing country in the world during 1920-

1929, and its level of production showed a dramatic increase as the decade

progressed as seen in Table 4. Both New Caledonia and lndia were large chromite

producers throughout the decade, while significant chromite production was recorded

also by Greece and Turkey. During the second half of the decade substantial

quantities of chromite were produced by Cuba, Soviet Union, South Africa, and

Yugoslavia (Table 4). Total world chromite production averaged 318,000 tonnes a

year during the decade 1920-1929, and rose continuously from 136,000 tonnes in

1922 to a record of 635,000 tonnes in 1929. During the decade Zimbaþwe, New

Caledonia, and lndia together accounted for almost 71o/o of total world chromite

production.

The distribution of world chromite exports by country of origin during the
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and 22). However, in May 1922 production was resumed when demand for chromite

increased again following the exhaustion of stocks accumulated during the boom

period associated with the war.

The Selukwe chromite deposits were enormous and the facilities for cheap

working were excellent (Roush, 1923). The two associated companies operating in

the Selukwe district, namely Rhodesia Chrome Mines Ltd and Rhodesia Metals

Syndicate Ltd held claims in other parts of Zimbabwe also, and their deposits were of

such variety that they were in a position to supply almost any grade of chromite ore,

both hard and fines, of a character suitable for any of the uses to which chromite was

put. However, most of the chromite produced by Zimbabwe continued to come from

the Selukwe district (Johnston, 1925).

Large chromite deposits had been discovered in the Umvukwes Range as

described previously, and these occurred within the Great Dyke of Zimbaþwe. As

reported by Johnston (1925) there was agitation by the Rhodesian Base Metals Co,

which held the Umvukwes Range deposits, for the construction of a branch line from

the Lomagundi railway to service the deposits. Without such a railway the

development of the Umvukwes Range deposits was impeded due to the high cost of

haulage of ore by wagon to the existing railway. However, the company was unable

to guarantee a sufficient tonnage of traffic to convince the government to construct a

branch line to the deposits.

According to a personal communication dated February 1925 from H.B.

Maufe, Director of the Geological Survey of Rhodesia, quoted by Johnston (1926)

production of chromite from the Great Dyke had hitherto consisted of ore derived from

outcrop workings to a depth of around four metres situated within twenty four

kilometres of the railway. The supply of ore obtainable under such conditions was

limited, and the prevailing rate of production could not be maintained for long. Under

the existing conditions of price and operating costs, it was not profitable to mine

potentially large supplies of ore available at a greater distance from the railway or
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grade chromite were delivered from Government stockpiles (Morning, 1975 & 1977

(b)). These deliveries made an important contribution to the total chromite supply and

level of stocks available for consumption in the United States. However, by 1978 the

inventory levels of most chromium materials in the national stockpile were close to

current goals, and in 1978 and 1979 there were no sales of chromium materials from

the Government stockpile nor any deliveries of chromite þased on sales contracts

from previous years (Matthews and Morning, 1980).

Chromite consumption by the United States during 1970-1979 declined from

1,273,000 tonnes in 1970 to 992,000 tonnes in 1971then rose to 1,313,000 tonnes in

1974 afterwhich itfell to 799,000 tonnes in 1975 then increased to a level of around

912,000 tonnes during the years 1976-1978 after which it increased further to

1,097,000 tonnes in 1979 (Morning, 1976 & Matthews and Morning, 1980). ln 1980

chromite consumption by the United States decreased to 878,000 tonnes (Peterson,

1981). The relatively low levels of chromite consumption by the United States in 1971

and 1975 corresponded to periods of economic recession as discussed earlier in the

chapter. The high level of chromite consumption reached in 1974 reflected the rapid

economic recovery that followed the 1971 recession whereas the more subdued rise

in consumption following the 1975 recession reflected a more sluggish recovery from

that recession.

The level of chromite imports in a particular year tends to reflect conditions

and expectations prevailing during the previous year towards the end of which

purchases for the forthcoming year are made as described previously. The high level

of chromite imports by the United States during 1971 was influenced by the high level

of chromite consumption in 1970, and the sharp fall in chromite consumption

experienced during 1971 was not matched by a similar drop in chromite imports

(Table 78). ln consequence, there was a substantial increase in consumer stocks of

chromite during 1971. This was accentuated by GSA stockpile deliveries, and

consumer stocks of chromite at year end rose from 665,000 tonnes in 1970 to
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the United States from January 1972 to March 1977), while the major supplier of

chromite containing more than 4Oo/o but less than 460/o Cr2O" was South Africa, and

the main supplier of chromite containing 4Oo/o ot less CrrO. was the Philippines, The

classification of chromite by its CrrO. content rather than by metallurgical, chemical,

and refractory grade came into effect in September 1963 with the introduction of

revised United States tariff schedules as described in the previous chapter, but there

is a close correspondence between the two classification systems.

ln 1980 the United States imported 177,000 tonnes of chromite containing

460/o ot more CrrOu of which 44o/o carne from South Africa and 28o/o from the Soviet

Union, 386,000 tonnes of chromite containing more than 40% but less than 46%

CrrO3 of which 65% was from South Africa, and 328,000 tonnes of chromite

containing 40o/o ot less CrrO. of which 38% was from the Philippines (Peterson,

1981), whereas in 1970 the United States imported 638,000 tonnes of chromite

containing 460/o ot more CrrO. of which 58% came from the Soviet Union, 19% from

Turkey, and 14o/o from South Africa, 355,000 tonnes of chromite with more than 40%

but less than 46% CrrO. of which 79o/o wâs from South Africa, and 282,000 tonnes of

chromite with 40% or less CrrO. of which 617o was from the Philippines (Morning,

1972). During 1975 when the Byrd Amendment was in effect the United States

imported 535,000 tonnes of chromite in the category containing 460/o ot more CrrO.,

and of this 49% came from the Soviet Union, 17o/o from Zimbabwe, 15% from Turkey,

and 12o/o from South Africa as calculated from import statistics given by Morning

(1e77(b)).

It is interesting to observe that in 1980 43% of total chromite imports by the

United States had a CrrO. content of more than 40% but less than 460lo compared

with only 2Oo/o of imports having a CrrO. content of 460/o or more, whereas in 1970

only 28o/o of chromite imports had a CrrO. content of more than 4oo/o but less than

46% compared with 50% of imports that had a CrrO. content oÍ 460/o or more. This

reflected the suitability and increased use of South African chemical grade chromite in
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Appendix 2

INTERNATIONAL TRADE IN FERROCHROMIUM

A historical perspective
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Corrections

First paoe of article (p11). The last sentence of the first paragraph under the
heading World Ferrochromium Exports should read:

The distriþution of exports for the various types of ferrochromium production
is shown in Table 2.

2. Second paqe of article (p12). The heading for TABLE 2 should read

The distriþution of exports for the various types of ferrochromium
production over the years based on the averages for the decades shown
This distribution is illustrated graphically below the table.

Second paqe of article (p12). At bottom left corner of TABLE 2
"Percentage of production" should read:

Percentage of exports

3.
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