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I. Introduction.

Africa embraces nearly one fourth of the land surface of the world.

Of all the populated continents, only Asia ii larger than Africa. In

terms of size alone, the African continent should potentially harbor a

large proportion of the world’s mineral reserves . In spite of the fact

that the location and relative abundance of many minerals is currently

well known and exploitation has been underway for some t ime, there are

still many questions concerning the less accessible regions. With improved

transportation networks other regions may still prove to be of considerable

economic importance. Yet , the continent produces nearly one seventh of

the world ’s mineral output . Its energy resources , principally coal in

the south , hydropower in the center , and oil and gas in the north and vest ,

are considerable. However , because of economic backwardness, the continent ’s

output is considerably lower than it could be.

~ dng to special characteristics of its economic development , Africa’s

national accounts are moch lower than would be expected from its export

profile. The region supplies the world market with maj or quantities of

mineral reeour~es such as diamonds (81 percent), tantalum and niobium ores

(81 percent), cobalt (79 percent), phosphates (60- 67 percent), beryllium ,,

ant imonium and lead , chromium and manganese ores , gold , cadmium (40—57

percent), and copper and other minerals (24— 35 percent). It has a virtual

monopoly in exports of lithium orss (100 psrc1nt).~

One of th. main considerations for any of the underdeveloped countries

in achieving a degree of economic devs1~,pmaat is the capability to compete

in the world market. Economic development up to the standard of the

1
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• industrialized nations can only come with the investment of lar ge sums of

capital. In the case of most of Africa thi. can in the short term be

expected to yield only a small return . Private capital from the advanced

industrialized countries is, unlikely to be attracted to such an area

• while there remain more lucrative fields of investment . Only countries

with easily exploitab1~ resources have been able to attract large quanti—

ties of private investment , particularly those that have major reserves of
2

minerals in current or ,in anticipated demand. Certainly , only some

F 
black African nations fall into this category. However , with improved

transportation networks, still other regions should prove to be of consid-

erable economic importance.

In the consideration of the potential economic gain to be realized by

the black African nations, the viability of the resources must also be

considered in some detail. In a continent where vast distances separate

• the highly productive economic “islands,” and where , as a result, transpor-

tation is both costly and Inefficient, it is of great importance to reduce

costs and to increase efficiency . The uncoordinated development of trans-

port in the past has contributed to the haphazard development of the
3

continent as a whole. Therefore , in addition to availability , particular

emphasis has to be placed on the acceasability and extractability of the

resource, thus determining the capability of the nation state to make

these materials available to the international market. With respect to

these considerations the existence of an internal technology base versus

the need for external assistance has to be taken into account .

2
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Although the United States contains only 6 percent of the world’s

population and 6 percent of the land area , we conai 23 percent of the

world’s nonenergy resources output and even more of the world’s energy

output. According to Xirby and Prokopovitsh, in the last 35 years the

United States has consumed more minerals than all mankind from the begin-

ning of time up to 1940. Based on its high demand for materials it would

seem the United States has a vested interest in the world resource situ-

ation. In addition to simp ly meeting our own resource needs we are faced

with the scenario of resources as a source of potential conflict through-

out the world.

In order to evaluate the importance of black Africa as a potential

supplier two areas must be investigated. From the resource view comes

the question of what is there . Then , from the consumer point of view,

comes a consideration of what materials are important and at what rates

they are consumed. First , the problem of resource appraisal will be

treated . Following this , an assessment of United Stat es usage of selected

key materials will be presented .

The following s~~~ary lists the mineral resources currently known to

exist in each sub—Sahara African country. Figures included indicate the

relative abundance of the mineral, the amount produced, and in the more
-. S

important areas, a comparison to world production or availability.

Again it should be noted that the mare presence of a mineral resource does

not indicate its availability to the world market. Some countries have

actually decreased production during the last ten years due to Increased

costs.
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II. Mineral Resources by Country.

ANGOLA — very rich in mineral resources

1. crude oil , diamonds and iron ore account for 99 percent of

investment ~nd output of mining industry

2. diamonds — gemstones — 2 ,124 ,719 carats in 1973

3. iron ore — exports virtually all , of its iron ore

4. magnetite

5. copper — estimated reserves 23 million tons, product ion in

1973 — 20 ,000 tons

6. gypsum — production in 1973 — 46 ,700 tons

7. asphalt — production in 1973 — 49,600 tons

8. sea salt — production in 1973 — 96,700 tons
9. manganese — production in 1973 — 4 ,700 tons

10. phosphates, uranium, gold

BENIN — poor in mineral resources

1. iron ore in the north — low grade

2. limestone — quarr ied for internal cement works

BOPHUTHATSWANA — rich in minerals

1. asbestos — production in 1972 — 60,615 tons

2. chrome — production in 1972 — 86,065 tons

3. limestone — production in 1972 — 392 ,183 tons

4. manganese — production in 1972 — 36,935 tons

5. vanadium — production in 1972 — 1,307 tons

6. platinum — 25 mtnes in 1974 among most important in

non—comeuniat world

7. gold , granite , salt , calcite , fluorspar

L__ . 
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BOTSWANA

1. diamonds , copper , nickel, sulfur

BURUNDI - mining second in importance in economy

A. Major resources

1. cassiterite — 150 tons produced in 1975

2. bastnaeite — 200 tons produced in 1973

3. kaolin

B. Also extracted
• 1. gold , tungsten , coluabo—tantalite , beryl, amblygonite

(source of lithium)

C. Known existence

1. nickel — sizeable deposits

2. uranium, copper , molybdenum, bismuth

CANEROON

1. bauxite — known deposits of over one billion tons

2. gold — production declining — 278 kg in 1969 to 3 kg in 1973

3. other deposits, but few coamercially exploited,of diamonds ,

mica , columbo—tantalite , cassiterite , lignite, rutile

CENTRAL AFRICAN REPUBLIC

1. diamonds — 300,000 — 600,000 carets produced annually

2. uranium — estimated reserves 20,000 tons

3. iron — estimated reserves 500,000 tons

4. nickel, manganese, cobalt , tin , copper , china clay , limestone

1. natron — natural form of sodium carbonate — 4,000 to 10,000

- - 
tons produced annually

5
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2. quartz , minor deposits of gold , uranium, thorium

CONGO - mining is most important facet of economy

1. oil — estimated reserves 100 million tons in 1973

2. iron — estimated reserves 400 million tons in 1973 — one
of the largeot !n the world

3. potash — producUon o~ 475 ,000 tons in 1974

4. gold — fell from 158 kg in 1967 to 16 kg in 1974

5. lead — factory being built to process 425 ,000 tons annually

6. zinc — factory being built to process 165,000 tons annually

7. copper — erratic production

8. bauxite, potassium, phospha te, limestone, natural gas

EQUATORIAL GUINEA - no significant exploitation

1. some offshore oil

2. some uranium

3. some iron

ETHIOPIA — little of expected mineral potential has been exploited

1. gold, silver , marine salt, eritrea, rock salt, copper,

platinum, manganese, quartz, natural gas

2. various mineral surveys being conducted

GABON — richest of former French Equatorial African colonies in

known mineral deposits

1. oil — estimated reserves 172 million tons in 1973

2. natural gas — estimated reserves 187 billion cubic meters

in 1973

3. manganese — second most important mineral product — world ’s

first ranking exporter — third ranking producer — estimated 
•
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reeer~ e 300 million tons of ore with a metal content

up to 53 percent — two million tons a year production —
limited by transportation

4. iron — reserves estimated as high as a billion tone of ore

of 60 to 65 percent iron content

5. uranium — 1772 tons produced in 1974

6. gold — reserves seem to be nearing extinction

7. potash, lead , zinc , phosphate

GAMBIA

1. ilisenite — no longer exploited — no other comercially

exploitable resources

GHANA

1. gold — most valuable mineral resource export

2. manganese — 300,000 to 600,000 tons produced annually

3. diamonds — industrial variety — 2,700,000 carats produced

S in l973

4. bauxite — estimated reserves 200 million tons — small production
5. beryl, tantalo—columbite, chromite

• . GUINEA — mining accounts for 75 percent of Guinea’s foreign exchange

earnings

1. bauxite — estimates vary from 8 billion tons or 2/3 of

the known world reserves , to an estimate of 1/5 of the

world’s reserves — government projects that Guinea will be

producing 25 million tons annually in 1978 — if so Guinea

would become the world’s largest producer

7
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F 2. iron ore — reserves estimated at 300,000 to 600,000 tons

short term goal is to ship 30 million tons a year by 1980

3. diamonds — 80,000 carats in 1972

GUINEA-BISSAU

1. oil — offshore

2. bauxite — reserves estimated at 200 million tons — mining

halted because of a lack of capital and transportation

facilities

IVORY COAST

1. diamonds — production fluctuated greatly — 549 ,000 carats

in 1961, 176 ,000 in 1967, 350.000 carets in 1973

2. manganese — estimated reserves 13 million tons — exploitation

ceased

3. gold — estimated reserves of 1.4 million tons of gold ore

with a content of 10.9 grams per ton

4. columbo—tantalite — small scale production

5. ilmenite — reserves 500,000 tons

6. iron , copper , titanium, chromite , bauxite , asphalt — not

yet exploited

KENYA — mining declining steadily since World War II

1. soda ash — 155,997 tons produced in 1974

2. limestone , soapstone , salt , gemstones — ruby , garnet — lead ,

silver, zinc, fluorspar

LESOTHO — few known exploitable mineral resources

1. alluvial diamonds

8
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LIBERIA

1. iron ore — largest producer in Africa — third largest

exporter in the world

2. diamonds

3. gold — small deposits mined

MADAGASCAR

1. chromite — 65 ,000 tons exported in 1973

2. graphite — 13,963 tons exported in 1973

• 3. beryl, coluabite, phosphate, gold — have been exploited

4. uranium, thorium — exploitation beginning

5. nickel — estimated reserves 70,000 — unexploited due to

poor internal transportation system

6. bauxite — estimated reserves 500 million tons — unexploited
• 7. coal — estimated reserves 60 million tons — unexploited

MALAWI — no ore body of cosusercial significance has been discovered

I 
1. limestone — only current mining activity

2. small deposits of corundum, galena, gold, kyanite,

asbestos , mica

• 
. MALI — small scale exploitation — depend. on better transportation

1. salt — only mining activity

2. bauxite , gold , iron , phosphate , manganese, lithium
— • MAJJRITIUS — no mineral resources

1’ NOZAMBIQUB — rich in mineral deposits — undeveloped

1 • colt~~ ite , tanta lite , beryl , semiprecious stones , feldspar ,
• 

kaolin , coal , copper , bauxite , fluorine , anthophy llite,

bentonite, and natural gas

9
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NIGER

1. uranium ore — substantial quantities — estimated reserves

over 100,000 tons - only mineral resources to be

significantly developed

2. tin — -145 tons exported in 1973

3. salt , iron , tungsten , coal, gypsum, phosphates

NIGERIA

1. oil — major resource — proven reserves in 1975 of 18.25

billion barrels : enough to last 25 years at current level

of production — more exploration being conducted

2. tin — world’s sixth largest producer (both ore and metal)

3. columbite — 90 percent of world supply — 1,921 tons in 1967 —

1,000 tons in 1915 (civil war)

4. coal — only west African producer — 327,000 tons in 1973
5. limestone

RHODESIA — major resources asbestos and chromium — third in world

production in 1965

1. copper — 32 ,000 tons produced in 1973

2. gold — 15,000 kg produced in 1973

3. asbestos — 80,000 tons produced in 1973

4. chromium — 272 ,000 tons produced in 1973

5. coal — 3,060,000 tons produced in 1973

6. nickel — 12,000 tons produced in 1973

7. lithium — world’s largest producer in 1965

8. zinc , lead , cobalt

10
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RWANDA

1. cassiterite (tin ore) — 2 ,030 tons produced in 1973

2. wolfrainite (source of tungsten ) — 688 tons produced in 1973

3. beryl and colwiibo—tantalite — 92 tons produced in 1973

4. amblygonite, gold , uranium — mined in smaller amounts

SENEGAL

1. phosphates — aluminum — 405,400 tons in 1974 — calcium —
1,472 ,000 tons in 1974

2. salt — 150,000 tons in 1974

3. iron ore — estimated reserves 1,300 million tons — transpor-

tation problems

SIERRA LEONE

1. diamonds — 1,847 ,000 carets in 1972

2. iron ore — 2,404,866 tons in 1973

3. bauxite — 662,899 tons in 1973

4. rutile (titanium oxide) , antimony , cassiterite , columbite ,

corundum, fluorspar, ilmenite, titanium, lignite , inagnetite ,

molybdenum, monazite, platinum, tantalite, tin, tungsten,

• lead , zinc , silver

SOtIALIA

1. tin — only mineral resource co ercially exploited

• 2. uranium, iron ore , quartz , gypsum, beryl, columbite

SOUTH AIRICA

1. diamonds — world’s foremost producer of gem diamonds — third

in total production behind Zaire and USSR — 7,565,374 carats

in 1973

11
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2. gold — leads world production — 855,179 kg in 1973
3. platinum — leads world production

4. manganese — second in world production to USSR

• 5, chrome — second in world production to USSR

6. antimony — world’s leading producer

7. uranium ~- rank .. after Canada and the United States — 2,796

tons in 1973

8. important world supplier of asbestos , beryllium, corundum,

nickel, talc, titanium, copper , vanadium, tungsten,

vermiculite

9. coal — 62.4 million tons in 1973

10. iron ore — 10,955,336 tons in 1973

11. all materials needed for alloying steel

12. tin, silver

SUDAN — not rich in mineral resources

1. manganese — 500 tons in 1912

2. gold 2 kg in 1970

• 3. .alt — 55 ,000 tcns in l9l2

4. iron or. — 10,000 tø~. in 1972

5. copper, mica

~~~ ThAND

1. iron ore — 2 ,147,000 eons in 1973

2. chrysolie. ab s to i  — 39,600 tonI in 1973

3. coal, kaolin , b rie.s

- diamonds and sale currently of major importance

1. di~~ mdi .— saø,~oo carat. in 1973

12

5 ~~~~~~~~~~~~~ —5
.~~ ..

~~~-
•.-‘ . .,.l,

.- . :•
-

-
5— _ _ .~~ ‘bs~~~~

• 
~~~~~~~~~~~~~~~~~~~~ — — • ._5 •~5•L~ •~ ~s••~s__ ~



2. salt — 44 ,000 tons in 1972

3. gold , mica , tin , tungsten , coal , iron , phosphates , lead,

• copper , silver

TOGO

1, lime phosphate — 2,553,000 tons in 1974 — principle mineral

resource

2. marble — est imated reserves 20 million tons — 50,000 tons

produced in 1971

TRANSICEI — little exploitation

1. marble — exploited the most

2. granite, sandstone, whinstone, zircon, magnetite, ilmenite,

• coal

UGANDA — not richly endowed with minerals

1. copper — 9,643 tons produced in 1973 — only large scale

mining operation

UPPER VOLTA — virtually no coimnercial production — transportation

1. manganese , bauxite , limestone, cassiterite, copper , graphite ,

iron

ZAIRE — world ’s leading producer in cobalt and industrial diamonds

1. copper — 6th largest world producer — 460 ,697 tons in 1973

2. cobalt — 16,000 tons produced in 1975

3. industrial diamonds — 14 million carets in 1974 
-

4. zinc — 150,000 tons in 1974

5. nganese — 334,000 tons in 1974

6. tin — 5,442 tons in 1974

13
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7. cassiterite — 7,502 tons in 1974

8. iron ore, gold, silver, cadmium tantalum, tungsten,

uranium

ZAMBIA

1. copper — 705,800 tons in 1974

2. coal, 809,900 tons in 1974

3. zinc — 58,500 tons in 1974

4. lead — 24 ,500 tons in 1974

5. cobalt — 1,963 tons in 1974

6. silver, gold, selenium, cadmium vanadium, gypsum, uranium

III. US Minerals Consumption.

Following an analysis of black African mineral reserves, their signifi-

cance most be assessed. A logical approach to this task [s a consumer

oriented consideration of these resources, focusing on the United States.

Of a list of 37 strategic materials compiled by the Bureau of Mines, US

• Department of the Interior, at least 50 percent of the US demand for 22 of

these was met by import in 1975. At least 23 percent of the demand was net

by import for 31 of these 37 strategic materials. Black African nations
6

were a major source for 5 of the 37 (Fig. 1). A description of strategic

materials of which more than 25 percent of demand is met by imports is

included in Appendix I. Following the elucidation of mineral reserves,

12 black African materials were selected for investigation. The criteria

for inclusion were presence on the Bureau of Mines list and availability

of Information. Two materials , copper and uranium, were included because

of their intensity of use and energy/military importance respectively.

14
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In a recent paper in the Marine Technoloav Society~ Journal, Richard

Raymond discusses various criteria for assessing economic vulnerability

to market manipulation by producer countries in a given raw material.

The paper examines th. assumption that the United States has a vital

economic interest in the development of seabed mineral resources , and

applies his material’s criteria to the US position in the four major minerals

found in manganes , nodules. While it is not th. intent of this paper to

consider seabed minerals, the mineral5s criteria can be applied to resources

in general.

La pointed out by Raymond , proper assessment of the US position

re*arding raw materials must be conducted on a material—by—material basis.

The criter ia outlined by Raymond are as follow.:

1. The importance of the mineral or other material to the national

economy.

2. The percentage of United States consumption which ii covered by

imports.

3. Which countries are our major suppliers.

4. The availability of substitutes for the given material.

5. The levels of US Goverument stockpiles and the distribution of

reserves and resources in the United States and the rest of the

world.

6. The feasibility of car tel action by producer countries.

In his analysis, Raymond looks at four materials which are found in

manganese nodules: cobalt , copper , manganese, and nickel. These are also
key materials in the African analysis. We propose to utilize the same

- 
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framework, looking at the materials which the United States presently

imports from black Africa as well as other potentially important minerals

which are present , but for various reasons are not exported to the United

States . The criteria are modified in that the question of cartel act ion

by producer countries will not be considered in this report .

In assessing economic vulnerability, Raymond utilizes as his first

criteria: “i mportance of the material to the national economy.” While

this remains an important criteria, difficulty exists in assessing it any

further than yes or no. In fact, Raymond points out that this is a

necessary but difficult criteria to apply. He suggests two possible guide-

lines. The first is intensity of use. This is an objective standard

which relates tons of material used to billion dollars of gross domestic

product (GDP) . A second guideline would be dollar value of material con-

sumed to GDP. However , both guidelines can be misleading. With respect

to platinum and iron , the two guidelines give differing levels of importance.

There is no “reference” available. Quantitative statements do little to

identify materials which may be limited in dollar value or in volume con-

sumed, but which may be of some importance . Although importance is usually

linked to some inflated cost this may not always be the case. Consequently,

a purely quantitative measure is of questionable value.

In hi. paper , Raymond examines the assumption that the United States

has a vital interest in rapid development of seabed minerals, and thus is

forced to first determine the importance of the materials in question. For

the purposes of this study, only those materials which are of importance

are considered. A brief discussion of each criteria is helpful.

17
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Percentage of consumption imported is a key indicator of potential

vulnerability to producer action. The higher the ratio of imports to con—

sumption , the more a consumer country is vulnerable to producer action .

At the extreme , a country which relys totally on domestic production and

has sufficient reserves is completely insulated from exogenous pressures .

While it may be true that in a free market economy the flow of goods is

highly correlated to price fluctuations, it still remains that any disruption

of this flow will still leave a stable domestic aupply available. Freedom

from reliance on foreign sources is predicated on domestic reserves and

resources of sufficient quality . High stockpiles provide a buffer to

producer action. In addition , consumption expressed as a percentage of

world reserves (i.e., years of exploitation remaining) indicate areas of

latent pressure.

However, in spite of a possibly unfavorable import—consumption ratio ,

the nature of the major suppliers remains an important consideration.

Clearly it is unreasonable to strive for economic isolation because all

foreign suppliers are considered as equally unreliable sources. Long-

standing alliances, as well as economically attractive situations , fault

this generalization. In various cases a given aat.rial is not so unique

as to its application that substitutes are not available . When considering

possible subititutes clearly, cost, performance, and availability of the

replacement are important, however a flexibility is introduced into the

system.
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8
BAUXITE

Percentage of Consumption Imported :

Imports accounted for 69 percent of US cons~mption in 1974. This was

up 2 percent from the preceding year, however, this increase is not signif i—

cant as it does not represent a trend over the last 10 years. Sales from

stocks accounted for only a small fraction of consumption. Dependence on

foreign bauxite and alumina is likely to continue until the use of large

domestic deposits of kaolin type clays, anorthosite , alunite , or other

aluminous materials becomes competitive . Consumption in 1974 amounted to

17,300,000 long tons (imports 12,000,000 long tons) or approximately 24

percent of world production (73,000,000 long tons).

Major Producers/Supplier’s:

The major foreign sources of bauxite are Jamaica, Surinam, Australia,

and the Dominican Republic. No African nations are considered major

producers at this time although potential resource levels are high. The

United States and its major suppliers account for approximately 60 percent

of world production.

Substitutes :

Large scale use of domestic aluminous materials other than bauxite will

depend on the cost and availability of foreign sources of bauxite and

alumina • R*.earch on processes using other materials has been accelerated

in recent years.

Stockpiles, Reserves, Resources :

Th. total US stockpile inventory of bauxite stood at 18,878 ,000 long

—.5— — 5 - - — —5 5-’—— 5- -. -.5-— - -  —.5 —. 5- -  5 . — -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - .5—- -— __S~ I_~~_-5 ~~~~ —.5- .5- 5.5——-- --
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tons as of 3]. December 1973. Domestic resources of bauxite are inadequate

to fulfill long term demand ; however, virtually inexhaustible alternative

sources of aluminum in materials other than bauxite exist in the United

States as well as other major producers. Total world bauxite resources

(i.e., reserves, sub.conomic and undiscovered deposits) are estimated at

25 to 30 billion tons. These resources are located as follows (in millions

of tons): United Stateq — 250—300, Caribbean and Central America region —

1,500, South America — 6,000—8,000, Aifrica — 8,000—10,000, Asia — 2,000— . 

-

3,000, Oceana — 5,000-6,000. Government stockpiles represent roughly a one

year supply at present usage.

9
CHROMITE

Percentage of Consumption Imported :

Total US consumption of chromite in 1974 amounted to 1,420 ,000 short
- 

- tons. Of this value 88 percent was met by imports. Domestic production

of chromite ceased in 1961: the United States will continue to rely on

imports, with supplementation from government stockpile sales. Additional

chromium demand is met from ferrochroaium reserves both imported and

domestic.

Major Production/Suppliers:

The major foreign sources of chromite are South Af rica, the USSR ,

Turkey and Rhodesia. World production in 1974 amounted to 7,300,000 short

tons. The above countries account for 77 percent of world production .

Individually they produced: USSR — 2,100,000 short tons (29 percent),

20
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RSA - 1,700,000 short tons (23 percent), Turkey and Rhodesia - 600,000

short tons each (8 percent).

Stockpoles, Reserves, Resources:

Total stocks of chroinite as of 31. December 1974 were assessed at

700,000 short tons. This was an increase of 17 percent over 1973 figures .

This is somewhat confusing in view of the fac t that comsuption exceeded

.5 import. However, it should be noted that the figure cited for Imports

was solely for consumption. Although world resources of chromite

totaling nearly 9 billion short tons are ample for the foreseeable

fu ture , domestic resources are low grade and represent less than a 5

year supply. Even a world price several times its present level will

not improve the out look for the domestic resource base. The North

American resource is represented by deposits in Montana in -the United

• States , Manitoba, Canada, and large, low grade deposits in Greenland.

The majority of the wor ld ’s chromite f~s located in RSA and Southern

Rhodesia.

COBALT’°
Percentage of Consumption Imported :

Imports expressed as a percent of exports declined from 60 percent

in 1974 to 15 percent in 1975, according to 1974 data and 1975 estimates

from the Bureau of Mines . Sales from goveri nt stockpiles, however,

were a large factor , and as excess stocks are drawn down, imports can

be expected to increase to more traditional levels.
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Major Suppliers:

The maj or supplier of cobalt to the United States is Zaire . From

1971—74, Zaire supplied 76 percent of US cobalt Imports , either directly

(47 percent) or through Belgium—Luxembourg (29 percent).

Substitutes:

Nickel may be substituted for cobalt (and vice versa), depending upon

the economics of the particular application. Potential substitutes (in-

volving higher costs and/or altered technical performance) include nickel

in jet engines and catalysts, and copper, chromium and manganese in paints.

Stockpiles, Reserves , and Resources :

The total US stockpile inventory of cobalt atood at 23,448 short

tons as of 30 November 1975. US reserves are virtually nonexistent.

Identified resources in the United States are more than 840,000 tons,

located mainly in the Midwest and Farweat. World reserves are 2 ,700 ,000

short tons , located chiefly in Zaire , New Caledonia and Australia , Zambia

and Canada . World identified resources of cobalt are nearly 5,000,000

tons , mainly in tropical regions .

copp~~~~
’1

Percentage of Consumption Imported:

Net imports of uumanufactured and refined copper as a percentage of

consumption of refined material declined from 27.3 percent in 1974 to a

net export position of 3.7 percent in 1975 , according to 1974 dat. and

1975 e3timates from the Bureau of Mines. Copper has been an extremely

22
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volatile coemodity in the past two years (consumption in the United States

decllnad 32 percent from 1974 to 1975) ; thus it is probably unrealistic to

expect the United States to remain a net exporter of copper. In the 1970—
.5 73 period , net imports as a percentage of consumption averaged 15 percent;

this figure seema more reliable for present purposes. In addition , it is

interesting to note that the United States is by far the world’s largest

copper producer. -

Major Suppliers:

Canada , Peru , and Chile are the major suppliers of United States copper

— imports . From 1971—74 , Canada supplied 33 percent of United States imports ,

Peru 22 percent, and Chile 17 percent .

Substitutes:

A number of substitutes exist for copper , depending upon application .

Aluminum can be used in shell cases , and plastics can be substituted for

copper in plumbing.

Stockpiles , Reserves , and Resources: .5

The national stockpile objective for copper is zero, and the total

inventory is 489 tons of refined copper. The United States has 90 million

short tons of copper reserves, located primarily In the Southwest and West

Central states . In addition , the United States has some 320 million short

tons of copper in id ntified and unidentified resources , according to

Bureau of Mines estimates. World reserves are 450 million short tons of

copper, with the United States, Chile, Canada and the Soviet Union (in that

order) being the major holders of copper’ reserves. World hypothetical

23 

.

~~~ - ~~~~~~~~~~~~~~~~~~~ 

— 

—

-

.5 

-
.5 

- .5 -ii--:— —- 

S

-- ~~~~ ~—— -.5- Ii



F~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

-

resources are estimated to amoun t to a further 480 mI]lton short tons,

generally located near known deposits.

LEAD~
’2

Percentage of Consumption Imported :

In 1974 total consumption of lead amounted to 1,533,000 short tons .

US mine production was 669,000 short tons (44 percent of consumption).

Imports account for 46 percent of consumption. These imports were distributed

in the following manner : Canada — 14 percent of consumption (211,554 short

tons), Peru — 10 percent (153,300 short tons), Australia - 10 percent

(153,300 short tons) , and Mexico — 5 percent (76 ,650 short tons). The

remaining 7 percent came from other sources . In 1973 US consumption

.5 
(1,541,000 short tons) amounted to almost 43 percent of world production .

Maj or Producers/Suppliers :

Major producers of lead remain the United States , the USSR , Canada ,

• Japan , and Australia. In 1972 (the last year for which complete figures

were available) these five countries accounted for 55 percent of world

production. Nine other countries with an average production of 116,900

short tons, account for an additional 28 percent of production . Following

the five leaders , production is fairly evenly distributed. Import sources

were Canada — 30 percent , Peru — 22 percent, Australia — 21 percent, and

Mexico — 10 percent.

Stockpiles, Reserves, Resources:

Combined producer and coasi r stocks were 264 ,100 short tons at the - - -

end of 1972. No evidence of lead on the goversain t stockpile list was

24
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found . Domestic demand for lead is forecast to increase at an annual rate

of approx imately 1.7 percent through 1980 . The use of lead free gas In

new automobiles has drastically reduced US demand. This use accounted for

16 percent of US consumption in 1974. The outlook for discovery of

reserves and resources at a rate in excess of consumption is optimistic.

Total world resources are estimated at 1.5 billion tons. This amounts to

roughly 500 years at current production rates .

MANGANESE13

Percentage of Consumption Imported :

In 1975, net imports of manganese ore and ferromanganese amounted to

93.1 percent of US consumption of these materials . There was no mine I
production of manganese in the United States in 1975; the remaining share

of consumption came from shipments from government stockpile excesses.

Major Suppliers:

From 1971—74, US imports of manganese ore came primarily from Brazil

(35 percent), Gabon (31 percent), Australia (9 percent) and South Africa

(8 percent). Imports of ferromanganese came mainly from France (39 percent), -

South Africa (36 percent), and India (8 percent).

Stockpiles , Reserves, Resources:

As of 30 November 1975, government stockpiles contained a total inventory

of 3,608 short tons of manganese ore and 629 ,000 tons of ferromanganese.

The United States has no reserves of manganese ore. The United States has

some resources , but they can be expected to be available only at higher

25
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prices or with considerably improved technology . World reserve countries

are South Africa , Gabon , Brazil and Australia. Accurate resource figures

are difficult to obtain — known landbased resources of manganese are very

large and irregularly distributed throughout the world • Reserves alone are

considered adequate to meet the expected growth in world demand for manganese

through the year 2000.

NICKEL14

.5 
Percentage of Consumption Imported : -

Preliminary figures for 1975 indicate that import of nickel accounted for

83.7 percent of total US nickel consumption. This figure is roughly equiva-

lent to figures for the past three years, and since no exogenous factors (such

as government stockpile sales ) are involved in the US nickel market , the 80

percent range for import dependence can be viewed as reliable .

.5

- Major Suppliers :

Canada is the dominant supplier of nickel to the United States . From .5

1971—74 , the United States obtained 76 percent of its nickel imports from

Canada , either directly (68 percent) or via processing in Norway (8 percent).

New Caledonia and the Dominican Republic supplied small amounts (6 percent

and 5 percent, respectively).

Substitutes :

A number of potential substitutes exist for nickel in its major appli— .5

cations, but most involve increased cost of altered technical performance.

Potential nickel substitutes include aluminum, coated steel and plastics 
.5
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in the construction and transportation industries; nickel—free steels in

power , petrochemical and petroleum industries ; titanium and plastics in

severe corrosion service applications; cobalt as an underplate for’ chromium

in decorative plating; platinum, cobalt and copper in some catalytic uses.

Stockpiles, Reserves , Resources:

Nickel is not currently a government stockpile item. The United States

has 200 ,000 short tons (0.2 percent nickel) sulfide deposits. World reserves

currently total 59.5 million short tons located primarily in New Caledonia
.5 

(26 million), Canada (9.6 million) , and Australia (5.5 million) . World

.5 resources averaging 1 percent nickel are estimated to total 70 million tons

of metal.

PLATINUM GROUP ~~~~ 
15 (platinum, palladium, iridium, osmium, rhenium, and

ruthenium)

Percentage of Consumption Imported:

The United States imports about 99 percent of Its requirements of the .5

platinum group metals. It is unlikely that domestic production, which is .5

largely a biproduct of copper mining, will ever satisfy imich of domestic

demand. Imports in 1974 amounted to 2,818,722 troy ounces with US production

at 18,000 troy ounces. US imports for consumption amounted to 46 percent of
.5 world production in 1974.

Major Producers/SuppLiers : 
.5

Th. United States demand is met by the USSR, EM, and the UK. The .5

material imported from the UK is refined KM metal. The USSR and ESA

account for 92 percent of world production in 1974. World production was
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6,106,000 troy ounces with KM producing 3,000 000 and the USSR producing

2,600,000 troy ounces.

Stockpiles , Reserves , Resources :

Total US stockpile of platinum group metals as of 31 December 1974

was estimated at 1,017 ,750 t roy ounces. Est imates of world resources range .5

from 1200 to 1900 million troy ounces . This is 2 to 3 times the estimated

reserves and 5 to 8 times total estimated consumption for the period 1974—

2000. Total US resources are estimated at 200 million troy ounces . World

resources should last 100—200 years with moderate increases in consi~~ tion.

Estimated world reserves amoun t to 425 million troy ounces distributed as

follows : EM and USSR — 200 million troy ounces each , Canada — 16 million ,

.5 
Columbia — 5 million, and the United States — 3 million troy ounces.

TIN16

Percentage of Consumption Imported :

Imports of metal and concentrate accounted for 78 percent of primary

consumption for 1974. Imports accounted for 68 percent of total conai~~ tion

during that year. Imports of this metal declined 17 percent from the 1973

level because sales of surplus stockpile tin lessened US demand for foreign

sources • Demand is expected to increase at an annual rate of less than 1 .5

percent through 1980. Consumption in 1974 amounted to 67 ,240 long tons or

approx imately 30 percent of world produ ction (230,000 long tons).

Major Producers/Suppliers: - . ..

The major foreign sources for tin are Malaysia, Thailand , and Bolivia. 
.5 

-

Together these countries acco,mted for 51 percent of wor ld production in

28
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1974. Tin is mined and smelted in only small quantities in the United

States . Four African nations are listed as producers of tin accounting for

6 percent of world production (Zaire — 2 percent ; Nigeria — 2 percent;
.5 Rwanda — 1 percent ; and south Africa — 1 percent).

Substitutes: 
.5

Increase in demand is expected to be at a low rate due to the presence

of many substitutes . Substitution of aluminum, glass, paper, plastic or

tin free steel for tin in cans and containers , epoxy resins for solder ,

aluminum alloys , other copper base alloys for plastics for bronze , and

aluminum, copper— , and lead—based bearing alloys or plastics for tin

containing babbitt metal would lover projected rate of growth.

Stockpiles , Reserves, Resources:

US tin stocks averaged 9 ,763 long tons in 1974. US tin resources ,

.5 
located primarily In Alaska , are insignificant compared to the rest of the

.5 world. World resources are located principally in Southeastern Asia ,

Bolivia, Brazil, Nigeria, People’s Republic of China, the USSR, and Zaire.

The known reserves are all located within established tin producing countries .

Sufficient resources are available to sustain production rates well into

the next century.

17
TITANIUM - (found in two forms — ilmenite and rutile. II.menite is the

- major source for titanium pigments while rutile is the
principal ore from which titanium metal is extracted)

Percentage of Consumption Impor ted : .5
Dependence on foreign sources is typically more than 95 percent . Demand

for titanium metal is expected to increase at an annual rate of 4 percent

29
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through 1980. Imports of rutile accounted for 79 percen t of US consumption

of that material in 1974. The low figure is the result of stock sales in

that year. Dependence on foreign sources is likely to continue until

economic processes to extract titanium metal from low grade deposits are

developed. US consumption of rutile amounted to 72 percent of world

production (367,768 short tons).

Major Producers/Suppliers:

Australia has for years been the leading producer and supplier of ‘ 
.5

titanium. In 1973 Australia produced 98 percent of the world rutile output .

In the same year the United States, Canada, and Norway produced 66 percent

of the world’s ilmenite (21 percent, 21 percent, and 24 percent respectively).

Australia and India were major suppliers of rutile and Canada and Australia

were major suppliers of ilmenite.

Substitutes :
.5 

Various alloys can be substituted for titanium. However , redesign is

usually required and lower performance characteristics usually result .

Consequently , in spite of high costs of titanium over projected lifespans, i 
-

titanium may be less expansive. A new factor is synthetic rutile imported

from Japan, Australia , and India. However, little information on this is

readily available . . ‘ .5

Stockpiles, Reserves, Resources:

Total. US stocks of rutile were 135,546 short tons. Stocks of ilmenite

were 334,441 short tons, at the close of 1973. Both figures represent a 
.5

decline over previous years. On the east coast of Australia 9 million tons
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of rutile are presen t , however , only 5 million of these can be mined due to

.5 environmental pressures. This amounts to less than 14 years of production 
.5

at present levels.

18
.5 - URANIUM .5

Percentage of Consumption Imported :

Consumption of uranium oxide amounted to 12,600 short tons in 1974 . Of

this , approximately 5.6 percent was imported (1,300 short tons), with 2.2

shor t tons being exported . US consumption amounts to almost 52 percent of

free world production. US production accounts for 48 percent of free world

production. Data for ore and oxide are poorly separated.

Major Producers/Suppliers :

The remaining 52 percent of 1974 free world production comes from

Canada — 21 percent (5,000 short tone), France — 8 percent (1,900 short tons),

Niger — 4.5 percent (1,100 short tons), Gabon — 3 percent (700 short tons),

and South Africa — 15 percent (3,600 short tons).

Stockpiles , Reserves , Resour ces :

Stocks of uranium amounted to 27 000 short tons at the close of 1974 .

It is unclear as to the quality of those materials. In the United States

large exploitabl , deposits are found chiefly in sandstone and associated

rocks . The Atomic Energy Ca ission rep orts reserves of 520 ,000 tons of 
.5

ore with estimates of $15/pound costs and 700 ,000 tons with estimates of
.5 

$30/pound costs. Low cost domestic reserves are considered sufficient

until the early 1980’s. By this time price increases may make higher cost

resources economic to exploit. Low grade high cost domestic uranium resources
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in black shales and phosphorites are large, however, production from these

sources would require processing of vast quantities of rock.

19
VANADIUM

Percentage of Consumption Imported :

Imports accounted for 38 percent of US consumption in 1974. This was

up approximately 5 percent since 1973. Total consumption amounted to

6,393 short tons in 1973 which was 30 percent of world production (21,285

short tons). Consumption in 1974 was up only 2 percen t to 6,500 short tons .

Consumer stocks were augmented , however , over 35 percent from 1,291 short

tons to 1,750 short tons. Exports of this material were negligible.

Major Producers/Suppliers:

The major foreign sources of vanadium are South Africa , Chile , and

the USSR. Together with the United States these countries account for over

89 percent of world production (21,285 short tons). Individually , these

.5 countries contributed the following amounts and percentages of world

production: South Africa — 9,870 short tons (46 percent), Chile — 1,060

short tons (5 percent), USSR — 3,700 short tons (17 percent).

Stockpiles, Reserves, Resources:

At the close of 1974 only 540 short tons of vanadium remained in the .5

government stockpile. Consumer stocks amounted to 1,750 short tons . Con-

gressional authority is needed before further depletion of government stocks

will be allowed. Domestic reserves are large enough to meet expected demand; - 
- .5

however, cheaper foreign material will probably account for approximately
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25 percent of demand. Development of domestic reserves is impeded by costly ,

inefficient vanadium recovery technology. Large resources of vanadium occur

in the United States in known but noncoi~~ercial deposits . Although present

in large quantities , vanadium is not automatically available because much

of it can only be recovered as a byproduct.

IV. Conclusions.

Is black Africa an important source of nonenergy materials for the

United States? If the question is answered based on current import sources

and existing producers, for the materials considered here, the answer is

no. Of the twelve minerals which were analyzed , Af rican Nations are producers

of seven: chrome, cobalt, manganese, platinum group metals, tin, uranium,

and vanadium. If we filter out those materials produced almost solely by

the Republic of South Africa (i.e., within Africa) , namely platinum group

metals and vanadium, then only five of the twelve remain . Chrome is a

critical , strategic material. Repeal of the Byrd Amendment prthibits further

US Imports of chrome from Rhodesia. Of the four remaining materials, tin

and uranium are produced in only small quantities by black African states.

African output of these two materials is less than 6 percent and 7.5 percent

of world production respectively. Only cobalt and manganese are produced in

quantity in black African countries. Zaire produces 76 percent of the

world’s cobalt, and Gabon produces 31 percent of the world’s manganese. For

cobalt, good substitut es and stockpiles exist , as well as US resources .

For manganese, the United States presently has good stockpiles , stable supply 
.5

channels , and US reserves . Further, both materials are found in manganese

nodules , for which the collection techeology is in an advanced development -

.5
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stage. In spite of its alternate mission , the Glonar Explorer has demon-

strated that surmounting the various technical obstacles is possible.

Raymond argues that for various reasons (i.e., substitutes, stable supplies ,

reserves, stockpiles and lack of cartel potential) the United States has no
20vital economic interest in rapid development of seabed minerals . He

bases this on the conclusion that there is little threat to the United States

in any of the four nodule minerals: cobalt, copper, nickel , and manganese.

For the same reasons, plus the access to nodules , it can be argued that the

United States has no critical resource interest in black Africa. Even when

niobium, mica, tantalum and beryllium are considered , the picture is not

changed appreciably . For the first three, the United States imports 14

percent from black Africa (Nigeria , Malagasy, and Zaire). The United States

.5 imports 5 percent of its beryllium from Uganda.
21 

Further , due to the t ime

which is required to transfer technology, build roads and rail lines, and

develop mines, it is not expected that this picture will change much before

the year 2000. Until such time that reserves are developed , black Af rica

cannot play any greater role as a source of materials. Although shortages .5

on the world market may affect the development rate, the availability of

African minerals on the world market is a function of production capacity .

Yet the high rats of US mineral consumption does not permit acceptance

of this conclusion. In spite of the fact that the United States is generally

more self—sufficient than most industrialized nations , it has become more

dependent on external sources . This is true, in spite of the prospects of

seabed mining and such proposed technolo gy as mechanical and/or biological

concentratio n and extraction of minerals disolved in sea water. -
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A brief example of resource usage should serve to emphasize the issue.

Consider a reserve which is known to be viable for 1000 years at current

usage rates . If consumptton increases at 4 percen t per annum, thia rest’rve

will last only 176 years. If the original stock were doubled due to

discovery of new deposits , then the reserves would last 194 years . If the

original stock were moltiplied tenfold, the reserves would last 235 years.

If the rate of usage increase were 5 percent annually, with the above

considerations the hypothetical stock would last only 142, 156 and 189

years respectively. Although stable exponential increase in consumption is

unrealistic, the r.~sults of the exercise are dramatic in demonstrating the

critical nature of long term planning for meeting mineral requirements.

In the above hypothetical situation, it can be seen that with a small

exponential increase in consumption, doubling the available reserves of a

material adds less than twenty years to the projected life of the reserves .

Further, if conditions are less favorable and the initial stock would last

.5 
.5 less than 1000 years with constant consumption , or if the exponential increase .5 .5

were in excess of 4 percent annually , then the outcome would be even more

dramatic. Some might argue that , if doubling the reserves of a particular

material adds only a short time to its projected life expectancy , the return

on the investment of procuring and developing these reserves might be too

low. However, this would appear to be a defeatest attitude. More important ,

this devaluation of the projected life expectancy of world reserves will

undoubtedly intensify conflict over control. While the United States may

attain sufficiency in a materi al without black Africa , the same may not be

true of less fortunate states. At the same time, being the largest consumer

of raw materials it would appear to be in our best interest to look toward
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potential future producers of necessary materials.

Consequently, black Africa cannot be ignored , and because of a long lead
.5 t ime which may be necessary before production is realized, planning most

begin now. Clearly , it would appear that Africa is a logical area to focus

upon due to its large untapped reserves of key materials.

A key concern of US interests in Africa’s mineral resources may be the

possibility of unified economic ties among black African nations . Any

consideration of the possible producer cooperation among black African

nations becomes an extremely complex problem. The African reality is

governed at present by the existence of different trade regimes and payment

systems , supplemented in most cases by specific economic ties with former

colonial met ropolis . Although underdevelopment is general in Africa ,

substantial differences in degree exist. Any integration scheme must , there-

fore , take into account the specific difficulties that the least developed .5

African countries may have to face in joining such a scheme. Also, for

obvious reasons , the desire for national planning in countries which only

recently have - acquired independence tends to be very strong. In addition,

due to the poor state of intra—African ccemunicationa, African countries

have had little opportunity to learn about each other. While markets have

to be widened , at the same time the national markets of African countries

are also in need of internal integration, and in many cases, a true national

market has yet to be created .22

There are various ways an integration scheme can be visualized. As

the existing precedents in different parts of the world clearly show , an

integrated scheme may either be intended to solve existing specific problems

and perhaps lead to increasingly intense and intimate cooperation, or else it
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may aim from the beginning at the creation of an ecot~mic union where

.5 labor and capital will be free to move, as well as goods, and where the

economic and social policies of member governments will be harmonized to

a high degree (an example of the latter would be a cartel) . Under African

conditions , an integration scheme of the first type would seem especially

important 23 
Certainly it seems that the economic background is not yet 

.5

ripe for a full econo*ic uni on, quite apart from the political obstacles .

The economic relationships formed with other countries based on their

possession of raw materials, is in most cases impractical due to cost and
24

-
.5 transportation considerations. On- site refinement, or at least refinement

.5 within the boundaries of the supplier nation, requires more capital than

many emerging countries in Africa can currently provide , especially for short

term rapid industrial development. For example, at first glance Zaire

could conceivably benefit from a trade agreement with a nation such as

Tanzania in establishing a port to trade with the East. However , the cost

of developing an adequate connection with the port would be prohibitive.

In addition , the gains realized by Tanzania as a result of the agreement

would be questionable.

The nations that currently seem to be striving for the greatest involve-

ment in world affairs and economically profitable trade relationships are

those that are also richest in mineral resources. Of all the black African

nations, Nigeria seems to be the most likely to benefit from any form of

alliances bassd on mineral resources.

Large reserves of iron ore are located in the Congo (Brazzaville) and

Liberia, with the Conge. incrisaing its production of lead and zinc in recent

years • Also the Congo had an eeti at.d oil reserve of one hundred million
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tons in 1973. Substantial quantities of uranium ore are known to exist

in Niger (estimated reserves in 1973 of one hundred thousand tons). Guinea

could be the world’s largest producer of bauxite. Ghana has reserves of

gold , manganese and tantalo—columbite. Cabon is rich in manganese , with

reserves of oil, iron and uranism. All of these nations either surround

Nigeria or are located on the coast, offering transportation capabilities

by water. In essence all of these nations have the kinds of mineral

resources necessary to help build an industrialized society, and unquestion-

ably if trade agreements were formed, they would be in the best interests

of Nigeria. However, one must consider what advantages would be realized

by the “supplier nations” from such an alliance. At this point what does

Nigeria have to offer these other nations that could not be achieved more

completely, efficiently, and certainly more favorable economically from

the more established industrialised powers.

Other more interesting ties might be considered in conjunction with

the Middle Eastern oil producing states , but the differences between the .5

overall makeup of these areas would tend to eliminate any such activity. .5

Also, possible alliances with South Africa strictly on a mineral resource

trade basis could be interesting to consider, but stronger political ties

seem extremely unlikely under present conditions. World use of African

mineral resources then secas destined to continue during the next few

decades as it baa in the past.

The foregoing discussion tends to indicate that there is no easy way,

if any, to African economic integration based on mineral resources • Formal

~~~ trading arrangements cannot be divorced from the substance of promotion and

planning vigorously expanding production. Production expansion requires

.5 38

1-.~~

4 

.5

- :- ~~~~
L .5 - -.5 ~~~~~~~~~~~~ .~i.i.: 

~~~~~~~~~~~~~~~~~~ — , , ,• , . 5 ., -.5 



.5 

.5 _
~~~~~~~~~~~~~~~~~~ W

more money and technological capabilities than most African nations will be

able to generate during the next couple of decades and might exceed short

term demand in many it~~~, On the other hand, while the coordination of

development efforts may be viewed as basic to the whole integration

process , it is obvious that any progress in the elimination of barriers in

int ra—African t rade and paymente in general will act as a powerful stimulus
.5 to the induatriajjastlon and economic development in general. The future

possibility of strong alliances based primarily on mineral resources then,
at least in the near future, appears to be only a remote possibility. Too

.5 

many more fundamental internal and external economic and political problems

will have to be addressed first.
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APPENDIX

DESCRIPTION OF STRATEGIC MATERIALS OP WHICU 25R OP D~1AND IS MET IT IMPORTS

(IN DECREASING ORDER OF X MET IT IMPORT)

Columbium — (new name Niobi um) — A gray or white metallic element , somewhat
ductile and melseble, used in chrome steels, in jet engines and rockets.

.5 .5 Mica — Any of a group of minera ls (complex silicates) that crysta lize in
.5
.5 thin, somewhat flexible, translucent or colored , easily separated

layers: resistant to heat and electricity.

Strontium — A pale yellow, metallic chemical element resembling calcium in
proper ties, and found only in combination : strontium compounds burn

.5 with a red flame and are used in fireworks.
.5 Manganese — A grayish white metallic chemical element usually hard and

brittle, which rusts like iron but i.s non—nagnetic: it is used in the
.5 manufacture of alloys of iron , aluminum and copper.

Cobalt — A hard, lustrous, steel gray , ductile metallic chemical element ,
found in various ores: it is used in the preparation of high temperature
alloys and tool steels. Its compounds are used in the production of .5
inks, paints and varnishes . .5

Tantalum — A rare , steel—blue corrosion—resisting metallic chemical element
found in various minerals and used to make nuclear reactors, aircraft
and missile parts, grids and plates in radio tubes, surgical instruments,
etc.

.5 

Chromium — A grayish white, crystalline, very hard metallic with a high
.5 resistance to corrosion: used in chromium electroplating in alloy steel

and in alloys containing nickel , copper manganese and other meta ls.

Asbestos - Any of several grayi sh amphiboles or similar minerals that
separate into long thread—like fibers; because certain varieties do not
burn, do not conduct heat or electricity and are often resistant to
chemicals , they are used for making fireproof materials , electrical .5
insulation, roofing, filters, etc.

Aluminum — One of the chemical elements, a silvery lightweight easily worked
metal tha t resists corrosion and is found abundantly, but only in —

combination .

- 
I Fluorine - A corrosive , poisonous pale greenish—yellow gaseous chemical

element , the most reactive non—metallic element known, forming fluorides
.5.5 with almost all the known elements.
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Bismuth — A hard brittle metallic element that is grayish white with a t inge
of red used chiefly in making alloys of low melting point.

Platinum - A steel gray malleable ductile metallic chemical element , highly
resistant to corrosion and electrochemical attack: used as a chemical
catalyst for acid proof containers, ignition fuses, j ewelry and dental
alloys.

Titanium — A silvery or dark gray lustrous metallic element found in rutile
and other minerals and used as a cleaning and deoxidizing agent in
molten steel and in the manufacture of aircraft satellites, chemical
equipment, etc.

Tin — A soft—silver white crystalline , metallic chemical element , malleable
at ordinary temperatures, capable of a high polish and used as an alloy

.5 in tin foils, solders utensils, type metals, and in making tin plate.

.5 Mercury — A heavy silver—white metallic chemical element liquid at ordinary
temperatures, which occasionally occurs in a free state but usually in.5 combination with sulfurs ; quicksilver : it is used in thermometers , air—

.5 pumps, dentistry, pharmacy, and electrical switches.

Nickel — A hard silver white malleable metallic chemical element , used
extensively in alloys and for plating because of its resistance to
oxidation.

Zinc — A bluish—white metallic chemical element usually found in combination,
used as a protective coating for iron (galvanizing) as a constituent
in various alloys as an electrode in electric batteries and in the
form of salts in medicines.

Tellurium — A rare tin white brittle non—metallic chemical element belonging
to the same family of elements as sulfur and selenium, and occurring
naturally in mineral tellurite and tellurides: it is used as a glass
tint as an alloying material and in thermoelectric converters.

Antimony — A silvery white brittle metallic chemical element of crystalline
structure found only in combination: used in alloys with other metals
with other metal. to harden them and increase their resistance to chemical
action; compounds of antimony are used in medicines , pigments , matches , .5
and firsproofing. .5 

.5

Tungsten - A hard heavy gray white metallic chemical element, found in
woiframite, scheelite, tungstite and used in steel for high speed tools,
in electric contact points and lamp filaments.

Cadmium — A blue white malleable ductile metallic chemical element occurring
as a sulfide or carbonate in zinc ores : it is used in some low melting
alloys, electroplating, etc .
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Potassium — A soft silver white vaxlike metallic chemical element that
oxidizes rapidly when exposed to air: it occurs abundantly in nature
in the form of its salts which are used in fertilizers and making glass .

.5 Gold — A heavy yellow inert metallic chemical element with a high degree of
ductility and malleability: it is a precious metal and is used in the
manufacture of coins , jewelry and alloys.

Gypsum — A hydrated sulfate of calcium occurring naturally in sedimentary
rocks and used for asking plaster of paris, in treating soil, etc.

Vanadium — A rare malleable ductile silver white metallic chemical element , .5

it is alloyed with steel to which it adds tensile strength and is used
in nuclear applications.

.5 

Barium — A silver white slightly malleable metallic chemical element found
as a carbonate or sulfate and used in alloys.

Silver — A white metalli c chemical element that is extremely ductile and
malleable, capable of a high polish and is the best conductor of heat
and electricity : it is a precious metal and is used in the manufacture of
coins, jewelry, alloys, etc.

Iron — A white malleable ductile metallic chemical element that can be
readily magnetized, rusts rapidly in moist or salty air and is vital to
plant and animal life : it is the most coason of all metals and its alloys
(as steel) are extensively used.
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Tb. question of whether black Afr ica is or can be a source of essential
materials is considered. In terms of size alone, the Afr ican continent - , -could potentially harbor a large proportion of the world’s minera l resources •

Tb. region supplies th. world market with major quantitie s of various min-
erals such as diamonds, cobalt, phosphates, tantalum, and lithiu m ore s , to
list only a fia. In order to assess Africa’s mineral capabilities, a country

.5 
by country sue lysis is performed, looking into ptoduction, reserves, resources
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vorid merkst. While Africa does have significant production of several
materials, th. majority of its wealth lies in its reserves. .5
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,“ Twelve black African material, are selected for a consumer oriented analysis,
/ focusing on the United States . Beuxits, chrosite , copper , lead, manganese,.
/ nickel, pletiiwe., tin, titanium, uranium, and’ vsnsdium are considered . All I
f except copper and uranium are on the US ~ ireau of Mines list of strategic 

-
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I 
materials of which significant US demand is met by imports . Copper is in-
cluded because of its intensity of use; uranium is considered because of its I

.5 t military energy significance. Based on the analysts, only Zaire and Gabon -

stand out , producing 76 percent of the world ’s cobalt , and 31 percent of
\ the world ’s manganese respective ly . Neither of these minerals a-re in critica l
\ supply at this tins .

While Africa may not presently be produc ing and supplying the materials I
considered in th. analysis at a high ra te , the area cannot be ignored as
a potential source of US mineral requirements .
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