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ABSTRA~ 

The paper presents a sub-sectoral review of industrial 
minerals as a significant commcJity category within the extractive 
sector, Industrial-minerals are a diverse group of commodities that are 
essential in the process of economic development due to their 
multiplicity of industrial end-uses, a fact from which they derive their 
designation, Local and regional demand prospects for industrial 
minerals are highly dependent upon population size, GNP per capita and 
their_ respective growth Tates, Contrary to the present situation, the 
future industrial minerals markets, therefore, lie in today's developing 
countries, 

Both high-bulk, low to moderate unit value construction 
materials and chemical minerals will be required in large volu~~s by 
LDC'F, already in the early stages of industrial development while most 
other industrial minerals will be consumed in increasing quantities only 
as economies advance to a more mature state of industrialization, 
Promotional initiatives will be required in many LDC's to assure an 
adequate and timely supply of these commodities, Key elements i .elude 
the execution of national industrial minerals inventories, the d sign of 
long-term concepts in ~esource management and land-use planning, and the 
creation ~fa policy environment suitable to encourage local 
entrepreneu~a and to attract expatriate capital and expertise, 
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PREFACE 

The objective of the report was to review, in its entirety, the 
multifaceted world of industrial minerals, to highlight their economic 
significance in comparison with fuel and metallic minerals, which 
traditionally have received more focused attention in the Bank's work in 
the mining sector, and to call attention on the role of industrial 
minerals in domestic and international markets and on their potential 
for i~port substitution an! export. 

Taking into account the large number and diverse nature of commodities 
normally called "Industrial Minerals," the report presents definitions 
and classifications and discusses the supply and demand and consumption 
patterns, It eddresses constraints regarding implementation and 
operating requirements and gives an outlook on future prospects and 
developments of the industry. With a special focus on the LDC's, it was 
intended to give a technical overview of this significant part of the 
mining industry which, because of its fragmented and diverse nature 
including a diversity of high-volume but low value products, tends to be 
somewhat overlooked in its importance to national economies. 

It was not the intention of this widely focused report to exhaustively 
deal with policy frameworks and industry structures. These are quite 
country-specific as;,ects and wil.l have to be deal.: with on an individual 
basis in the Bank's Economic and Sector work. Futhermore, a number of 
policy questions were addressed in the Bank's review of Small-Scale 
Mining, and many of the conclusions reached for small scale mining also 
apply to industrial mineral operations, 

No attempt has been made to specifically address energy related aspects 
in the industricl mineral sector: all of the processes that may be used 
are identical to those for metallic minerals (e.g., crushing, grinding, 
concentrating, drying, calcining or sintering), which are well 
documented elsewhere. It shou~d~however, be noted that the treatment 
of most industrial minerals does at include such highly energy 
intensive processes l!ke roasting, smelting and refining, which are 
common for metallic minerals. 

As to the environmental and pollution aspects, they are very aimilar in 
nature to those associated w.l.th othe.- forme of mining and were there­
fore not specifically addressed, although some industrial minerals, like 
asbestos mining, present specific pollution and health hazards of their 
own. In general, however, environmental imp&cts like land and ground­
water disturbances as well as process water purification is similar to 
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metal or coal mining but to a lesser degree, since mines generally are 
shallower. Furthermore, the hazard of pollution by heavy metals or acid 
waters is minimal or nonexistent. Finally, atmospheric pollut.ion as it 
occurs in the burning 0£ coal or the smelting of metallic ore~ is of 
much lees in1p'· ·tance. 

In general, 111dustrial minerals should be viewed like, and are very 
similar ca, metallic or fuel minerals as far as techno~.ogy and physical 
development constraints, like infrastructure, are concerned. They often 
can be classified as small- and medium-scale mining operations, with all 
their inherent advantages and d:lsadvantages. However, market and 
consumption patterns es well as their utilization and applications in 
industry are far more complex and difficult to assess and do not often 
follow traditional mineral commodity market patterns. They can, 
however, have in their aggregate, a sub9tantial impa~t on the 
performance of the mineral oector, and the potential they represent 
t·hould be taken into full conaid,.ration during economic and scctolt' work 
and project evaluation. 

• 
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EXECUTIVE SUHIIARY 

0.01 Background and Objectives. The importance of industrial 
minerals has traditionally been understated aa a commodity catego.ry in 
the dev,;ilopment plans of moat LDC's, Comparatively stable markets, in 
terms of low to moderate short- and long-term price fluctuations 
combined with demand growth rates higher than those for the major metals 
have, however, contributed co enhanr.e interest in this grou~ of 
commodities in the recent past, 

0.02 In recognition of this development, World Bank decided to 
implement an Industry Review Project with the principal objectives (1) 
to identify and evaluate r!ircumstances under which the exploitation of 
industrial minerals in developing countries is desirable and 
economically justified, (ii) to define opportunities for the profitable 
extraction of industrial minerals based on an analysis of their role in 
economic development, and (iii) to derive recommendations as to the 
Bank's role and approach to support the target sector, 

0. 03 Definition and Co111parntive Rank. The term industrial miner,.· lfl 
can be defined as comprising all non-metallic, non-fuel minerals, 
extracted and processed for industrial end-uses, with the addition of 
that proportion of metal ores consumed in non-metallurgical 
applications, For the purpose of this report both ordinary rock 
materials, such as sand & gravel, and various manufactured products, 
like cement or refractories, are considered industrial minerals, 

0,04 A comparison wi.th the other commodity categories, i,e, metal 
ores and fuel minerals, clearly confirms the leading rosition of 
industrial minerals in terms of number of commodities, global production 
volume and value of output, On a global basis, industrial minerals 
represent a share of 72 % of production quantity and a 40 % share of 
value of output, followed by solid fuel minerals with respective values 
of 24 % and 38 %, and metals with a share of 4 % and 13 % respectively, 
the balance taken up by precious minerals. 

0.05 Characteristics lllT.d Bole, The key characteristics of the 
target category are diversity of origin and occurrence, variety of 
production quantity and unit value, and multiplicity of properties and 
end-uses, Industrial minerals are essential for the manufacture of 
numerous non-durable and durable consumer goods as well as capital goods 
both in the form of material components and process aids, In view of 
their great multiplicity of use, they virtually permeate every segment 
of a ·.nodern economy, Adequate availability of industrial minerals, thus, 
must be considered an important precondition for industrialization and 
continued economic development, 

O .06 While all industrial minerals exhibit a strong positive 
co>:relation between per capita m~.neral consumption and per capita GDP, 
each commodity apparently foll.owe its own intensity of use pattern, 
Commodities with early intensity of use (IOU) maAiJIB include the bulk, 
low unit value construction materials such as crushed stone, sand & 
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gravel and cement, as well as major chemical minerals like salt, soda 
ash and sulfur, Most industrial minei:als, however, attain their IOU 
maxima in the more advanced stages of development r,1presentative for the 
industrialized countries, All commodities with the exception of the 
principal fertilizer materials phosphate, potash and nitrogen, show 
clear indications of a demand saturation at high levels cf per capita 
income in post-industrial economies, 

0,07 Trade and Market. Most industrial minerals are 
internationally tradeable, An exception are the low value commodities, 
such es sand & gravel or crushed stone which are primarily produced for 
local markets, Lower middle unit value minerals from cement to salt can 
be transferred over intermediate t,. 1 ong distances provided they are 
shipped in bulk, and by low-cost n. .,d of transport, Practically all 
upper middle and high value industrial minerals are internationally 
tradeable, even when shipped in small lots or bagged condition, 

0,08 Industrial minerals are generally less affected during 
periods of economic contraction than metals, a fact which tends to 
reduce project risks, Particularly with commodities used in industrial 
or consumer non-durables, e.g. fertilizer minerals and minerals used in 
chemicals, paint, paper and rubber, demand remains comparatively 
stable, With industrial mineralr. primar'Uy consumed in capital goods or 
consumer durables, e,g, constru,1tion mir.e~&J.s, refractory materials, 
fluxes and foundry minerals, demand is considerably more cyclical and 
errat.1.c. 

0,09 For the bulk of industrial minerals, the degree of 
concentration of supply is moderate to low, with more than 10 producing 
countries existing for most commodities, Only with a small group of 
commodities, consumed in comparatively small quantities, e,g .. iodine, 
boron, lithium minerals, rutile, rare earths, industrial diainonds and 
zirconium & hafnium, the market structure can be considered 
oligopolistic, 

0,10 Industrialized countries clearly dominate both the demand 
and, to a lesser extent, the Rupply side of the global industrial 
minerals market, However, with barite, bauxite, fluorspar, mica, 
phosphates, graphite and manganese, do LDC's play a major role as 
exporters, 
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0.11 !!:'.2_duction Requirements. Low value, large volume industrial 
minerals are almost exclusivel.y extracted from surface operations with 
stripping ratios rarely exceeding values of 1: 1 to 2: 1. Medium to high 
value commodities are mined both open pit and underground, both 
generally at shallow depths. The chemical mine~ale group comprising 
commodities for the chemical, fertilizer, ceramics and metallurgical 
industry, is frequently processed on site, While processes employed can 
be complex, procesaing usually is a routine job due to the fact that 
minerals are procesaed to established, fixed product specifications. 
With physical minerals which are generally processed for a great number 
of end-uses involving varying specifications, processing plants must be 
more fJ,exible and customer tailored beneficiation is not unusual. The 
main objective frequently is the protluction of mineral flours and 
granulations, with grinding and classification being the economically 
most significant processes. 

0.12 The production of high-grade qualities of certain physical 
minerals with narrow specifications requires sophisticated technology 
combined with stringent process and quality control practices. Process 
technologies frequently are the result of many years of research, 
development and operational refinement of a few leading 1roducers. Such 
technologi1Js must be considered non-universal and lack of access to this 
expertise usually is a major barrier to entry for LDC's. This applies to 
high-quality industrial fillers produced from high-purity calcium 
carbonate or talc as well as to other commodities such as lithium 
minerals, bentonite and certain kaolin products, among others. 

0.13 For high-volume, low unit value commodities with small con-
centration factors, such as construction materials, efficient bulk 
transport infrastructure is essential. With minerals requiring higher 
(;;:ncentration factors, the importance of transport infrastructure 
dim~nishes in favor of the supply of power, process water and 
operational inputs. While total investment basically inr.reases with 
project size, depth of mining and sophistication of processing, specific 
investment costs fall with growing capacities, due to the effects of 
economy of scale. Depending upon depth of mining, haulage distances and 
project size, specific investment costs vary from 3,600 to 40,000 $/tpd 
for underground mines and 2,200 to 10,000 $/tpd for surface operations. 
For integrated m1.ne-mill operations, investment costs range from a low 
level of 7,000 $/tpd for large scale surface operations to a high level 
of 70,000 $/tpd for small-scale units involving underground mining and 
flotat·,on, 

0.14 Various industrial minerals are almost entiraly produced 
in small scale operations. These include commodities like fluorspar, 
graphite, talc, vermiculite and pumice. Others such as feldspar, clays, 
gypsum, barite, sand & gravel, stone, salt and asbestos have an 
important small scale component. Total investment costs for small-scale 
operations extracting and processing these minerals will typically be in 
the range of 2 to 20 million U.S.$. Other industrial minerals, such as 
certain construction materials, bauxite, phosphate or soda ash are 
primarily produced o~ a large scale. With those, typical project 
investment will fall between 100 and 500 million U.S.$ and more. 
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0.15 An essential element in project design and selection ia an 
appraisal of comparative advantages of LDC'a with respect to the type of 
project considered, Basically, comparative advantages of LDC'a can be 
expected with labor-intensive industrial mineral projects, i,e, with 
commodities extracted primarily in small-scale underground operations, 
Comparative advantages will genP.rally be smallest in highly mechanized, 
large~scale surface mines and with commodities requiring sophisticated 
processing operations, Particularly with commodities requiring 
non-universal processing technology, exporting crude ore will, 
therefore, frequently be the only viable alternative for LDC'a, 

0, 16 Future Prospects. With the exception of sulfur and to a 
certain extent barite, talc & pyrophyllite, known world reserves of 
industrial minerals, workable at current levels of commodity prices, are 
adequate to meet cumulative global demand through 2000, Aa a result, no 
significant increases in real long-term pricea are anticipated for the 
great majority of this commodity category, Only sulfur could experience 
a a11bstantial price increase, while with talc, and some of the 
commodities with a ?ronounced supply concentration, e,g, boron, iodine, 
vermiculite, a moderate price rise coulcl occur, 

0.17 For the great majority of industrial minerals, moderate to 
high growth rates are forecast throughout the century, Thus, in terms of 
demand growth prospects, the futura of industrial minerals looks 
brighter than for metals and even l-~l minerals, High volume, high 
growtn commodities include ilmenite, dimension stone, talc & 
pyrophyllite, chromite, asbestos, bauxite, phosphate, salt, sulfur, 
clays, lime and cement, High average annual growth rates exceeding 4 % 
p,a. are forecast for 9 industrial minerals, moderate growth rates 
between 2 % and 4 % p.a. for another 29 commodities of this group. 

0,18 Since with practically all industrial minerals current 
production capacities exceed present demand, no capacity - related 
supply shortages are expected in the short- and medium term future, 
Contrary to metals, the recycling potential with industrial minerals is 
limited to a small number of commodities, comprising bromine, 
fluor-compo~nds, industrial diamonds, iodine and feldspar in the form of 
recycled glass, In addition, recycled quantities are generally small, 
While moat industrial minei:·ala :1re basically sub.1ect to substitution, 
existing competitive materials 1.re frequently less efficient or more 
expensive. In general, primary production of industrial minerals will, 
thus, not he significantly affected by recycling or substitution, 

0.19 ProllOtional Initiatives. The planned development of the 
industrial minerals eubeector in LDC's can serve several essential 
objectives including commodity export, import substitution and the 
objective of balanced industrial development through the creation of 
domestic linkages, In the pursuance of these objectives, most LDC's have 
to rely on extensive outside assistance, a situation in which MLI's can 
play a significant role, Potential promotional initiatives of MLI' s 
include: (1) the provision of funds and technical asai~tance for the 
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identification of workable industrial minerals deposits and for their 
subsequent development; (ii) the initiation of policy adjustments in 
target LDC' e suitable to create a pc,licy environment coni!ucive to mine 
development in general and to private sector involvement in industrial 
minerah extraction in particular; and (iii) th:i building and 
strengthening of the institutional framework in LDJ'a required to 
specifically promota mining activities in the indus~rial minerals 
subsector, 

0.20 A profile of aspects and recommendations to be considered 
in pJ.anning promo•~ional initiatives appropriate to stimulate industrial 
mineral developme.nt in LDC' s can be summarized as follows: 

(i) In view of the demonstrated strong correlation between per 
capita industrial mineral consumption and per capita income, 
MLI':; should r;ontinue to expand lending operations in favor of 
this commodity category, 

(ii) For the same reason, target LDC'e should be encouraged by MLI's 
to pursue an active, selective and rational policy of industrial 
minerals sector development, In many LDC's the initial step in 
program implementation has to be the execution of a nation-wide 
inventory of the geological potential of target industrial 
minerals and the identification of suitable prospects. Such 
geological inventories usually have to be financed through 
bilateral or multinational assistance funds. 

(iii) Thie has to be accompanied by long-term concepts in resource 
management and land-use planning combined with the early 
resolution of potentially conflicting interests relative to 
land-use priorities. In particular, the reservation of adequate 
minetal lands for the extraction of low value const,uction 
materials close to rapidly expanding urban areas will 
:1ocreasingly become a matter of urgency in many densely 
pop,1!ated LDC' s. 

(iv) Promotional initiatives of MLI's in industrial mineral sector 
development have to commence with the selection of suitable 
country-commodity combinations in accordance with aspects 
discussed in Chapter VII, Main factors to be considered in this 
process include expected industrial minorals demand growth, 
geological potential, political stability, quality of economic 
environment and institutional infrastructure, attractiveness of 
uining code as 1;0cll ae the associated development objective to 
be pursued. 

(v) .:ountries with a combination of a comparatively large populat:lon 
and high per capita income growth rate, e.g. China, Brazil, 
Indonesia, Nigeria, Rep. of Korea, Pakistan, Thailand, Egypt, 
Philippines and Turkey, can be considered principal targets 
regarding future industrial minerals demand growth. LDC's with a 
promising geopotential include Mexico, Brazil, Bolivia, Peru, 
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Argentina, Chile, Colombia, Angola, Mozambique, Zambia, 
Zimbabwe, Indonesia, Phili.ppines, Malaysia and Thailand, among 
others, 

(vi) Target commodities relative to the foreign exchange earnings 
objective comprise the medium to high unit value, medium to high 
growth indus.trial minerals, listed in para, 7, 10, Potential 
target countries are the larger LDC's with a relatively well 
established transport infrastructure and good access to ocean 
transport and with low to moderate GUP per capita growth rates 
and small to medium size populations, They have a distinct 
comparative advantage in commodity export vis-a-vis landlocked 
nations while at the same time local demand is low, 

(vii) Medium to large volume, low to medium value industrial minerals 
that reach early intensicy of use maxima are important targP.ts 
regarding the import substitution objective in view of theit 
comparatively higher demand growth rates in LDC' s, Countries 
with a large population and a medium to high GNP per capita 
growth rate are principal targets in this context, 

(viii) In LDC'A with low per capita income levels and growth rates 
and medium to large population, priority should be placed on 
commodities that best serve the domestic development objective, 
Target commodities ar.e the high-volume, low value industrial 
minerals with early IOU - maxima and low barriers to entry for 
local entrepreneurs, 

(ix) In low-income LDC's, particularly in small, landlocked countries 
with elevated population densities, initial industria; mineral 
surveys should be funded by MLI's on a grant basis, In these 
countries, priority has to be on the development of industrial 
minerals for local consumption, For other LDC's, the 
establishment of revolving exploration funds on a regional basis 
appears to be a suitable option, In low-income regions, initial 
funding of exploration funds shoula be provided by MLI's under a 
grant or soft loan arrangement, 

(x) Due to the fact that most industrial minerals are produced on a 
small scale and in view of the heterogeneity of commodities, the 
quality of the institutional infrastructure ls of particular 
relevance since assistance in tareet sector development will 
largely require a subsectoral approach, MLI' e should therefore 
continue to expand the capabilities of govern~ent institutions 
acting as executing agencies through financing appropriate 
upgrading and strengthening programs, In large LDC's 
consideration should be given to the· establishment of a seperate 
industrial minerals unit within the geological survey or mines 
department, 

(xi) The installation of processing facilities for industrial 
minerals requiring sophisticated or non-universal technology 
will frequently necessitate the involvement of an expa• ·' ate 
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partner providing the operationa1. expertise, This will only be 
possible in LDC's with a demonstrated favorable attitude toward 
foreign investment, Where this is not the case, MLI's should .use 
their influential position to initiate policy reforms and 
adjustments adequate to cr~ate an economic and policy 
environment conducive to foreign partnership in the sector 
development, Stability of contract, absence of restrictions on 
international business and a :favorable tax regime are among the 
most important policy elements suitable to attract foreign 
investment, 

Where mining and processing tradition is lacking, MLI lending 
operations should initially be directed toward the development 
of construction minerals that can be extracted in surface 
operations and that are comparatively simple to process, In 
addition, relaxed quality specifications of industrial minerals 
products for local consumption may be appropriate to facilitate 
the establishment and operation of domestic mining capacities 
during infancy, 
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I. .B!!fil),!)UCTION 

1.01 While it is basically accepted that the availability of 
mineral resources is a key factor for economic progress, the emphnsis in 
most LDC's has traditionally been on the development of metalr and 
energy minerals. At the same time, the interest in industrial minerals 
as a group has generally been limited. This is apparently due to the 
lack of a coherent identity of this commodity category, a fact that is 
caused by iU great heterogeneity in characteristics, individual 
substances and end-uses. Disappointing markets for metals and fuel 
minerals together with steady growth of industrial mineral consumption 
and comparatively stable prices have, however, contributed to direct 
attention in search of investment opportunities in the extractive sector. 
more equitably toward industrial minerals in the recent past. 

1.02 In recognition of this development, World Bank decided to 
implement an Industry Re1;-iew Project on Industrial Minerals. The 
principal objectives of this research project are (i) to identify and 
evaluate circumstances under which the exploitation of industrial 
minarals in developing ctmntries, for e.itport purposes or domestic 
consumption, is desirabl~ and economically justified, (ii) to define 
opportunities for the profitable extraction of industrial minerals in 
developing countries based on th~ principle of maximizing econor.lic 
benefits from the extraction of national resources, and (iii) to derive 
recommendationY as to the Bank's role and approach to support this 
target segment. An excerpt of the terms of reference, listing the topics 

·· , to be addressed, is presented in Annex 1. 

1.03 In Section II of this report, the prominent characteristics 
of the va1:ious commodity subgroups are discussed and classification 
practices reviewed. Section II~,,examines the role and significance of 
industrial minerals in the ~omy while Section IV investigates factors 
affecting their tradeability alon2; with principal market aspects. It 
also includes a review of main prc,ducers and suppliers. Essential 
implementation and operating requirements are explored in Section V, 
followed by a discusgion of future prospects of this commodity category 
in Section VI. In Section VII an attempt is made to narrow down 
favorable country-commodity combinations for industrial mineral 
development initiatives. In Section VIII, finally, the main findings are 
presented and conclusions are drawn as to the role and approach of 
MLI's. 
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II. CHARACTERISTICS AND CLASSIFICATION 

Conventional Delineation aud Definition 

2.01 Industrial minerals have been defined as any rock, mineral or 
other naturally occurring substance of economic value, exclusive 
of metallic ores, mineral fuels and gernstones. 1/ The term indusi~rial 
minerals is, moreover, commonly interpreted as being iaentical with 
nonmetallics, It is interesting to note that, contrhry to the other 
commodity categories, i,e, metals, fuel minerals and gemstones the 
delineation of industrial minerals is based on a description of what 
these substances are not, rather than on a definition of what they aL·e, 
Obviously due to the great variety of this mineral category, a 
delineation by common characteristics would be impractical, This also 
contributes to making its classification difficult, 

2.02 Hhile this general definition of industrial minerals is clear 
and useful, further qualifications are desirable to delineate the 
category boundaries more accurately, Significant quantities of 
commodities that qualify as metal ores, such as bauxite, chromite, 
ilmenite and manganese ore are also important raw materials for 
nonmetallic end-uses, In this report an attempt has, therefore, been 
made to allow for the dual nature of these commodities by including only 
the category-related quantities in statistical tabulations, Similarly, 
with diamonds only industrial diamonds are ccnsidered industrial 
minerals while gem diamonds are excluded. On the other hand, ordinary 
rock materials such as sand and gravel as well as crushed and dimension 
stone are considered industrial minerals. 

2,03 Furthermore, in line with prevalent practice, various 
manufactured products like abrasives, cement, lime and refractories are 
included in this category. For the purpose of this report, the 
industrial mineral category, thus, is defined as comprising all 
1onmetallic, non-fuel minerals extracted and processed for industrial 
end-uses with the addition of that proportion of metal ores consumed in 
non-metallurgical applications, In all cases, the actual end-use should 
be taken as the final categorization crite:,:ion, 

Prominent Category Characteristics 

2.04 Apart from the industrial end-use, diversity is the sole 
characteristic which unifies the industrial mineral5 and the outstanding 
feature of this mineral category. This i~ valid with regard to their 
genetic origin, mode of occurrence, physical or chemical properties, 
associated industrial application, unit value and place value, bullt, 
tradeability, extraction techniques, processing requirements, production 
quantities and aggregate demand, 

2.05 The extent of the diversity can be impressively illustrated by 
comparing two members of the category located at the extremes of tha 
entire spectrum of industrial minerals. With sand and gravel, world 
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production in 1983 amounted to approx. 7.2 billion tons at a unit value 
of 3 U,S, $/ton, In that year, induetr.ial diamond production totalled 
6,7 tone at o unit value of some 25,000,000 U,S. $/ton. JJ i/ All 
other industrial minerals inhabit the space in between these extremes, 

2. 06 Bulk industrial minerals such as sand and gravel or crushed 
stone have a high place value, a concept which derives from the fact 
that their value largely derives from their geographic location 
via-a-vis potential points of consumption. At the same time, these 
mc:terials have a low unit value which dticreas~s rapidly with increasing 
distance from th~ place of use,!!./ As a consequence, high place value 
commodities are of little or no value unless available close to a 
market, They, therefore, hardly ente:o. international trade, Moreover, 
these materials are extracted in large quantities, almost exclusively 
from surface or near surf~ce deposits, These are important 
characteristics of bulk industrial minerals to b~ taken into account in 
land-use planning, particulat:.\y around fast growing urban centers, 
Conversely, with high unit value minerals like industrial diamonds, 
sheet mica or certain grades of asbestos and graphite, location is 
largely irrelevant. 

2,07 A significant economic attribute of industrial minerals is 
that with most commodities both short- and long••term prices tend to be 
more stable than with major metals, In Annex 2.1 long-term price trends 
of major industrial minerals are reported, expressed in constant 1983 
u.s. Dollars, Values are presented as average annual prices foT che 
years 1965, 1975 and 1983, The compilation confirms that with most 
industrial minerals long-term price changes have been low to moderata, 
"Sy contrast, short- and long-term price fluctuations of major metals, 
such as copper, tin, nickel, lead and zinc. are considerably more 
pronounced, 32/Price fluctuations of several hundred percent in relation 
to lowest values are ~ot uncommon with major metals, Comparative 
stability of prices can be considered an important factor in reducing 
project risk, The financial risk associated with mining investment thus 
tends to be lower with the industrial mineral CRtegory than with metal 
mining projects. 

2,08 As a category, industrial minerals are highly interrelated 
with all stages and branches of modern industry, permeating every 
segment of todays society, They are contained as components in durable 
and non-durable consumer goods, required as process aids in various 
material processing requirements and stages or used as input materials 
in the manufacture of intermediate products. In many industrial 
activities and products, from the construction of buildings and 
infrastructural facilities to the manufacture of ceramic table or 
sanitary ware, the use of industrial mine.•als is readily visible or can 
be easily derived, With numerous other uee:1 or goods, ranging from books 
to pharmaceu~icals, the ultimate consumer is frequently not awar1? that 
industrial millerals play an essential role. 
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2.09 Another characteristic of the target category is that for a 
large proportion, the physical propertieo of the material are of primary 
importance, a fact which bus implications regarding the processing 
requir•,t;::ents and methods to be employed. With these commodities, the 
physic-al properties for which they are valued, remain essentially 
unchanged in the end-use. Among others, these physical minerals comprise 
sand and gravel as well as crushed and architectural stone for 
construction purposes, and, to a certain extent, asbestos, graphite, 
kaolin and mica. 

2.10 With chemical industrial minerals, on the other hand, 
physical properties are not significant since these materials are 
chemically reacted in processing and primarily used as sources of 
specific chemical elements. Their value is, thus, based on the chemical 
element which they contain. The chemical minerals class includes 
essential commodities such as limestone, fluorspar, potash, salt and 
sulfur. 

Classification Practices 

2.11 The multiple character of th~ industrial mineral category has 
been a major obstacle in the development of a universally applicable and 
consistent classification ocheme. Depending on the purpose of 
classification and the classification criteria employed, various 
arrangements have been proposed or used. Current practices include (i) 
conventional alphabetical listing, (ii) basic economic classification 
(iii) genetic classification (iv) economic-geologic classification and 
(v) detailed end-use classification. 

2.12 Broad economic classification schemes are developed on the 
basis of unit value or price, place value and bulk produced. An 
arrangement of this type including end-use indicetions is reported 
below •. .Y 

(i) 

(ii) 

(iii) 

Commodity subgroup 

low-price, large-volume 
commodities 

medium to 
high-price, large-volume 
commodities 

high-price, small-volume 
commodities 

Typical ~011110dities 

primarily construction 
materials, e.g. sand and gravel 

chemical and fertilizer 
minerals, e.g. salt, sulfu,·, 
potash 

process minerals, e.g. feldspar, 
fluorspar, talc, baryte 

While the source quoted does not provide quantitatlve classification 
criteria, for comparative purposes low-price commodities can be 
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considered those with values below approximately U,S,$ 5/ton and 
high-price commodities those above U,S, $ 50/ton in 1983 terms, The bulk 
commodity subgroup also includes raw materials for the manufacture of 
cement such as limestone and shale as well as clay for brickmaking, 
among others, Process minerals comprise a large variety of minerals for 
abrasivee, ceramics, glass and foundry, metallurgical, refractory and 
general industrial applications, 

2,13 For the purpose of gEoscient!fic investigations and geological 
resource inventories, a purely genetic classification is helpful, The 
genetic classification employed in a recent publication on the geology 
of I • .lrunetallics is reported in Annex 2,2, 5/ In this arrangement, 
nonmetallics are grouped under the four main genetic subdivisions (1) 
igneous, (11) sedimentary, (iii) surficially altered, and (iv) 
metamorphic, with further subdivisions in the first two classes, A total 
of 52 minerals are included in thio detailed scheme, While this purely 
genetic arrangement is valuable for geoscientific work, its major 
drawback is that it is entirely unrelated to economic asrects, 

2,14 A two-dimensional classification approach using a combination 
of economic, geological and technical aspects is presented in 
Annex 2,3, 4/ In a first step, a number of criteria including bulk, unit 
value, place value, distribution, imports - exports, geology and 
processing are employed to subdivide the nonmetallice into the two 
distinct groups industrial rocks and industrial minerals, Within these 
two groups, individual minerals are subsequently arranged in genetic 
classes, In group 1, industrial rocks, a total of 13 commodities, 
primarily construction materials, are listed; in group 2, industrial 
minerals, 20 commodities are included, This combined arrangement is 
suitable both for geological study and preliminnry economic 
considerations, It is therefore a valuable tool for economic geologists, 

2,15 Apart from alphabetical listings, the AIME/SME publications 
Industrial Minerals and Rocks, also contain a section in which 
industrial minerals are grouped and discussed by end-use, as presented 
in Annex 2,4, ~ ?..! 
2,16 A similar classification arrangement, however, based on 
both characteristic property classes of the minerals and principal 
industrial end-uses is displayed in Annex 2,5, §/ There, rhe initial 
segmentation is into the two classes chemical minerals and physical 
minerals, which are then further subdivided into 11 end-use subgroups, 
Chemical minerals ar~ produced primarily for the chemical, fertilizer, 
ceramic and metallurgical industry, while physical minerals are used as 
structural materials, extender and filler pi~ments, process aids, 
abrasives, foundry minerals, industrial gem materials, and electronic 
and optical minerals, 

2,17 The most elaborate attempt is a matrix classification in 
which geological factors such as genetic classes, rock types and 
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techno-economic factors, such as processes and end-uses ar~ related in 
chart form, 9/ Although intricate to use, this arrangement is of value 
in directinir-the attention ~f the uaer to materials available for 
particula~ application and in assisting the geologist to identify 
potential uses for materials found, 
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III, ROLE AND SIGNIFICANCE OF INDUSTRIAL MINERALS 

Basic Aspects of Mineral Conemaption 

3,01 In the static view, regional or national mineral 
consumption is closely related to population size and lr.vel of per 
capita income, Consequently, population growth and per capita income 
growth are the most significant factors affecting future mineral demand 
on a national, regionel and global scale, Other important factors 
effective in the long run include business cycles, technical progress 
and substitution, together with changing consumer preferences, 

3,02 With the exception of fertilizer minerals required by the 
agricultural sector, the by fnr largest proportion of industrial 
minerals is consumed by the industrial sector of the economy for the 
production of non-durable and durable consumer goods, as well as for 
capital goods, Because of this, growth rates of mineral consumption are 
closely associated with structural changes of sectors in an economy 
during the process of economic development, In the typical long-term 
development pattern of economies, the share of th~ industrial sector in 
total GDP increases from below 20 % in the least developed economies to 
between 30-50 % in the most advanced countries, In the process of rapid 
industrialization, growth in mineral consumption, therefore, is highest, 
diminishing in the po&t-industrial economy in which the Bervice sector 
predominates, 

3,03 Thia process is illustrated by growth factors of world 
m:l.naral consumption, for the period 1750 - 1900, as presented below:.!.Q/ 

Observed Quantity Between 1750 - 1900 Observed Quantity 
Expanded by a Factor of 

World Population 
Per Capita Mineral Consumption 
Quantity of World Mineral Consumption 

2,2 
4,5 

10,0 

For the more contemporary period from 1950-1970, the same source reports 
the following growth rates of population and value of world mineral 
production in constant 1972 prices: 

Observed Quantity 

·world Population 
Value of World Production of 

All Minerals 
Fuels 
Base Metals 
Nonmetnllics 

Growth Rate (1950-1970) 

1,9 

5,9 
5,4 
5,6 
7,2 
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Particularly Mteworthy is the high growth rate for nonmetallice in the 
Post-World-War II Period of advanced industrialization. 

3.04 The strong positive relationship between per capita mineral 
consumption and the general level of economic development is documented 
by the respective national and regional data presented below. The table 
lists comparative values of per capita consumption of all fuel minerals, 
major metals and cielected induetr~al minerals in relation to the global 
average. 

Country /Region 

USA/Canada 
USSR 
Eastern Europe 
EEC of 10 
Japan 
Latin .unedca 
CPE Asia 
Non-CPE Asia 
Africa w/o South-Africa· 

Source: F, Callot (1985) 

Ratio of Local per Capita Mineral 
Consumption to Global Average in 1983 

s.o 
3.3 
2.9 
2.4 
2.0 
0.59 
0.34 
0.23 
0.13 

Regional per capita mineral consumption, thus, differs by a factor of 
more than 38 between the most advanced industrialized nations and the 
least developed regions. 

3 .OS A similarly pronounced correlation exists between regional 
mineral production intensity in terms of value of production per square 
kilometer and the respective level of GDP per capita • .!!/ According to 
this relationship, the value of mine·ral production per 1<m2 increases 
rapidly with growing GDP per capita in the lower GDP per capita le"~ls 
up to a range of 3,000 to 4,000 US$ per capita in 1978 dollars. 
Thereafter the rate of increase of the value of mineral production per 
k,a2 drops substantially. This again indicates that growth in mineral 
demand is highest in the earlier phases of industrialization, levelling 
off as the degree of industrialization reaches mature stages in which 
the absolute values of per capita mineral consumption attain their 
maxi.mum. 

Objectives of Industrial Mineral Development 

3.06 Apart from the general goal of the optimal ·ae of available 
resources for economic progress, a number of sµecific objectives are 
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associated with the promotion of mining sector activities, regardless of 
the mineral developed. 12/ In lower-:1.ncome LDC's with s predominant 
agricultural sector, mining assiots in in:l.tiating industrial sector 
growth, thus diversifying the economic base and leading to a better 
balanced economy, In this process, raw materials are made available as 
input materials for the establishment of mineral-related manufacturing 
industries while at the same time demand for services to be provided to 
the mining operations is created. An important objective of mining 
development, thus, can be to promote backward and forward linkages, 

3.07 For many developing countries mining is a major source of 
government revenue in the form .of prospecting and exploration fees, 
taxes on mining land held under title, taxes on mine production, customs 
duties and taxes. on profits. Moreover, it can create considerable direct 
and indirect employment opportunities, often in remote or depressed 
areas. In such cases private income earned by mine workers starts to be 
circulated, initiating a chain of demand for goods and services that 
stimulate bUbsequent economic activities. From these induced activities 
additional fiscal revenue is obtained. Employment multipliers determined 
for small-scale mining in several states of the U,S,A, reach values from 
3 to 5, with the corresponding income multirliers ranging from 2 to 3,5, 

3.08 Another significant aspect of mining activities in LDC's is 
that they form an important base to develop technical qualifications and 
professional skills, contributing to the goal of transforming unsk~lled 
workers into a skilled labor force, Mining, particularly small- and 
medium-scale operations, also provide attractive business opportunities 
for the development of indigenous entrepreneurship, Notably, with a 
number of industrial minerals, extracted from near-surface or surface 
operations, barriers to entry in terms of both capital and formal 
educational requirements are comparatively low, These include 
construction materials such as crushed stone, sand and gravel and 
structural clays as well as fertilizer minerals and industrial fillers, 
Basically, the closer the mineral deposit is located to the surface, the 
simpler the mineral-specific processing method to be employed and the 
smaller the operation, the easier it is for the local entrepreneur to 
start. business successfully, 

3.09 In most T,DC's, the main objectives of mining promotion, 
however, are to earn or save scarce foreign exchange, i,e, commodity 
export or import substitution, It is apparent that the pursuance of the 
commodity export objective is limited to internationally tradeable 
commodities, an aspect to be dealt with in the following section, 
Excessive reliance on this objective m!ly, however, create severe 
proble1;;,3, particularly in strongly mineral-led economies, Due to its 
importance, the need for foreign exchange may cause the uneconomic 
continuation of mine operations during periods of poor commodity 
prices. On the other hand, evidence exists that the greatest success in 
development has been achieved by nations that succeeded in establishing 
efficient export industries, Commodity export, thus, should be a key 
,:ibj ective in countries where sufficient comparative advantages exist. 
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3.10 The import substitution objective is equally important for 
LUC's since it conserves scarce foreign exchange while at the s8me time 
reducing reliance on foreign trade by utilizing local resources to 
proiuce substitutes domestically, The precondition for the pursuance of 
this objective again is the availability of adequate domestic mineral 
~esources that can be exploited at competitive prices, Import 
substitutinn strategies offering price umbrellas for infant industry for 
excessive periods of time frequently foster inefficient operations and 
are therefore not desirable, 

3.11 The field of industrial minerals offers numerous opportunities 
for the pursuance of important national objectives in LDC' s, because or 
the large number of commodities involved, the great diversity of 
industrial applications, and their wide-spread occurrence, ClaRsical 
foreign exchange earnings and savings objectives can only be followed 
successfully with internationally tradeable minerals and only Co the 
extent that no significant comparative disadvantages c-·:ist, For many 
LDC's, the greatest benefit of industrial mineral promotion will, 
however, lie in the creation of a fabric of mi·neral-based industrial 
activities in the form of domestic linkage and multiplier effects, The 
wide • ~ectrum of minerals together with the grer.t v::.riety of occurrences 
and ;.F.es also contribute to geographically and sectorally more balanced 
development, as opposed to enclave-type mine operations common with 
large metal ore propertie~. 

Share and Comparative Rank 

3,12 An analysis of the share and comparative rank of the target 
category within the extractive sector clearly confirms the leading 
position of industrial minerals in several aspects, In Annex 3,1 data on 
1983 world production, average unit value and total val~e are assembled 
separately for industrial minerals, metal ores, precious minerals and 
fuel minerals, Aggregate figures are presented below: 

Solid Minetals World Production 1983 Value of Outj!Ut 1983 
C~tegory 1,000 mt % Mio U.S.$ % --
Industrial Mineralsa/ 11,798,630.0 72 129,147,3 40 
Solid Fuel Minerals- 4,004,287.4 24 122,285.0 38 
Metals and Ores 543,580.6 4 39,007,3 13 
Precious Minerals 14.0 l 30,341,3 9 

TOTAL 16,346,512.0 100 320;781,0 100 

a/ Includes cement, a product made from l;l.mestone, clay, ahale, marl, 
etc. 

3.13 On a global basis, industrial minerals represent a share of 
72 % of p;:ooduction quantity, and a 40 % share of value of output, The 
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target commodity thus holds first place both with regard to production 
volume and V8tue, followed by fuel minerals and metal orP.s. It ia 
interesting to note that the output value of industrial m1.nerals is 
three times the output value of metals. The statistical tabulation also 
shows that the number of industrial mineral commodities is considerably 
larger than that of the other categorieu. The target category comprises 
a total of 50 minerals, the metals 31, while fuel and precious minerals 
contain 3 and 4 commodities respectively. 

3.14 If individual commodities are arranged according to their 
respective positiQn within the top ten ranks relative to global 
production volume ~nd value, the following picture emerges: 

Rank Commodity Rank Commodity 
Prod. Volume Prod. Value 

1 Sand & Gravel 1 Bit. Coal 
2 Bit, Coal 2 Cement 
3 Crushed Stone 3 Sand & Gravel 
4 Lignite 4 Gold 
5 Cement 5 Iron Ore 
6 Iron 0-re 6 Lignite 
7 Clays 7 Crushed Stone 
8 Silica Send 8 Copper 
9 Salt 9 Diamonds & Gems 

10 Phospate 10 Silver 

With regard to production'volume, industrial minerals take up 7 of the 
10 leading ranks while solid fuels occupy 2 and metals 1 position, 
Regarding production value, the distribution is more regular, with 
industrial mineralo and precious minerals each holding 3 places and with 
metals and fuel minerals each taking up 2 ranks. 

3.15 Within each category, commodities listed in Annex 3,1 are 
arranged by size categories of the respective world production 
quantity, An aggregate table is displayed below: 

Range of Wor~ Industrial Metals & Solid 
Production (1,000 mt) Minerals Oree Fuel 

Minerals 
Above 1,000,000 2 0 2 

100,000 - 1,000,000 4 1 0 
10 ,ooo - 100,000 8 1 0 

1,000 - 10,000 17 5 0 
100 -1,000 12 3 0 

10 - 100 5 q l 
1 - 10 1 4 0 

Below 1 1 8 0 

Total 50 31 3 

Precio:is 
Minerals 

0 
n 
0 
0 
0 
1 
1 
2 

4 
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The figures demonstrate that industrial minerals are leading in the top 
five size rategor!es, w:l.th two commodities, i.e. sand & gravel and 
crushed stone in the plus 1.0 billion tpy and four others, i.e. ceme,nt, 
clay, silica send and salt in the 100 million - 1.0 billion tpy 
category, Metals predominate the three lower size categories from below 
1,000 - 100,000 tpy. In the plus 1.0 million tpy cetegory, a total of 31 
industrial minerals are represented, compared to only 7 metals in the 
same range. 

lllltiplicity of Use 

3 .16 Verfaty of properties and multiplici tv of uses have repeatedly 
been mentioned as the key characteristics of :h1dustrial mineralc. While 
this can be considered m; further evidence of their importance for 
industrial development and material prosperity, it is also indicetive of 
special requirements in product marketing, In an attempt to enhance the 
transparency of this complex subject category in modern society, a 
r.eview of the mineral - end-use relationship has been conducted. For 
this purpose, known applications of industrial minerals have been 
arranged in 14 end-use classes, in line with the classification employed 
in the AIME/SME publication Industrial Minerals and Rocks. For each 
class, both the various minerals and miner~l-derived compounds consumed 
as input materials are listed as well as their major functions, 
intermediate or end-products. Results are presented in Annex 3.2. in the 
form of a synoptic profile. 

3.17 Although the compilation is not completely exhaustive, it 
demonstrates the degree of diversity and complexity of the industrial 
minerals category. Each of the end-use classes requires several, most of 
them more then ten different minerals as input materials. Maay of the 
industrial minerals are con9umed in more than one end-use class. The 
greatest variety of input materials is found with construction 
materials, fillers, filters and absorbents. It has to be noted that in 
most cases, uses enumerated represent end-use groups or families rather 
than final individual products. Many of these, notably chemicals, could 
be further subdivided into numerous intermediate or final products which 
disseminate in various industrial applications. Thus, the term 
industrial minerals is a truly accurate designation of the subject 
category since it is indicative of the fact that these materials 
permeate virtually every industrial segment of modern economy. 

3 .18 Frequently intermediate or final products require more than 
one mineral for their manufacture. Moreover, individual industrial 
applications listed per mineral or combination of minerals vary from e 
few major end-use families in the case of foundry O): fertilizer minerals 
to several .i,:,::en major or minor uses in the case of chemicals or 
construction materials. As a result, in total several hundred, most 
probably even thousand of mineral-end-product combinations could he 
distinguished, depending on how far the path of a mineral would be 
traced, The essential chemical mineral salt, for example, is the 
starting point of an estimated 18,000 end-uses. QI From this it 
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becomes apparent that a discussion of the entire scope of industrial 
end-uses is beyond the scope of this report. 

3,19 In a different approach, the industrial demand pattern of the 
comModity category has been analysed in quantitative terms, taking the 
U.S.A. as an example. The respective data which are reported in Annex 
3.3. cover the 41 most important commodities of the category. For each 
commodity, a breakdown of total 1983 U.S. demand into major end-uses 
both in absolute quantities and percentage points is provided. The 
U.S.A. have been chosen, because they represent a large economy at a 
mature stage of industrial development and because for this nation the 
most complete and accurate information is available. 

3.20 While the designation of uses employed in this analysis is 
partly different from that of the previous review, it confirms the 
multiplicity of applications. For most of the commodities, a 
substantial number of major or minor end-uses is reported. These include 
asbestos, clays, diamonds, graphite, mica, salt, silicon, construction 
materials, sulfur, talc, titanium and zirconium. With others, such as 
chromite, magnesite or manganese, only a few fields of application are 
listed which, :>.f subdivided further will result in similarly numerous 
end-uses. The t,ompilation also shows that clays, construction materials, 
fertilizer minerals and the chemical minerals salt and sulfur are 
consumed in large volume, while others like industrial diamonds, lithium 
and mica are used in very small, almost negligible quantities, 

Patterns of Specific Consumption 

3,21 In order to assess the role of industrial minerals in economic 
development more accurately, an attempt has been made to examine the 
relationship between specific mineral consumption and level of economic 
development in quantitative terms. For this purpose two distinct 
approaches were followed. With the first method, U.S. per capita 
consumption of the 40 major industrial minerals was recorded for a time 
series comprising the period from 1900 to 1983 and correlated with 
respective GDP per capita values in constant 1983 terms. For each 
commodity, a regression model was then computed in separate sections for 
the four GDP per capita ranges below 400 U.S.$, 400 to 1,500 U.S.$, 
1,500 to 5,000 U.S.$ and 5,000 to 14,0CO U.S.$ that are currently used 
to distinguish country groups of different levels of economic 
development. 

3.22 With the second approach, for a sample of up to 42 countries 
of different GDP per capita levels and a total of 11 commodities, 
national values of 1983 per capita mineral consumption were correlated 
with 1983 per capita GDP, and regression models computed for the entire 
GDP per capita range observed .• In both cases, the selection of time 
frame, commodities and countries observed was governed by the 
availability of nata. In view of apparent differences in the quality of 
available input dat&, the results of the u.s, analysis mus~ be 
considered more accurate. With about half of the 11 commodities covered 
in both methods, results of the two approaches correspond well. With the 
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rest, substantial deviations occur, with the values of the U.S. analys:ls 
typically being higher, in some cases up to double the value of the 
cross-sectional country analysis. In spite of these limitations, results 
ubtained are considered useful for the global assessment of development 
petterns of regional or national industrial mineral consumption. 

3.23 Synoptic results of tile analyses are presented in Annex 3.4. 
in graphical form. With commodities covered by both methods, results 
shown represent the arithmetic average of both analyses. With the re&t, 
values depicted are results of the U.S. analysis. For practical 
purposes, commodities had to be grouped into ranges of comparable per 
capita consumption, e.g. crushed stone and sand & gravel in the plus 
1,000 kg/esp. range, cement, phosphate rock and salt in the 100 to 1,000 
kg/ cap. range, etc. 

3.2,4 The specific mineral consumption graphs permit a number of 
interesting observations. While all commodities exhibit a strong 
positive correlation between per capita m:l.neral consumption and GDP per 
capita up tc the high per capita income lev~ls, each industrial mineral 
apparently has its own unique evolutionary pattern. In spite of the 
differences, certain similarities can, however, be detected which are 
associated with diatinct i•hases of economic development. In the 
pre-growth phase of very early development, the priority is on the very 
basic needs such as food and clothing and the specific mineral 
consumption is very low. In the subsequent phase, emphasis is placed on 
housing and constriction and consumption of most minerals commences to 
increase steeply. During the following industrialization phase, 
consumption of all industrial minerals rises sharply, with most 
commodities reaching a saturation phase thereafter. The subsequent post­
industrial phase then leads to a reduction in spe~ific mineral 
consumption. 

3.25 In this general evolutionary ·pattern, one group of 
commodities follows a more or less pronounced S-shaped consumption 
path. This includes the construction materials cement, sand & gravel, 
clays, gypsum, perlite and vermiculite, the chemical mineral fluorspar, 
as well as ceramic and refractory minerals such as magnesite, graphite 
and feldspar. They reach their highest growth rates in the construction 
and industrialization phase showing clear indications of saturating 
demand in the high income range of_ economic development. A second group 
comprising stone, salt, asbestos, diatomite, silicon and bromine show a 
comparatively steep rise already in the early stages of development with 
a gradual decline in the more mature stages. A third group including 
sulfur, sodium sulfate and barite continue to increase at a ateady slope 
without any signs of saturation. several other commodities, notably the 
fertilizer minerals phosphate, nitrogen and potash but also boron 
apparently start slowly reaching their maximum growth in the high income 
range without any indications of reduced per capita consumption. 
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3.26 The global conclusion to be draW!'. is that with all 
industrial minerals, per capita consumption correlates strongly witn per 
capita income up to high levels of economic development. Specific 
consumption is generally highest in the most advanced industrialized 
countries, showing a more or less pronounced tendency to decline in the 
postindustrial economy. In the high income economies the target 
category, thus, plays a significant role, decreasing in importance with 
their transition to the services dominated, mature st.ages of 
development. By contrast, the role of industrial mini!rals appears to be 
insignificant in the very early development stage in which per capita 
mineral consumption values are extremely low. With most of the 
commodities, consumption rates increase most rapidly as economics move 
from low income levels to high income levels. Thus, in this central 
section cf economic de•;elopment, the industrial minerals apparently play 
a predominant role. 

3.2i Lack of time-aeries data for LDC's covering a sufficiently 
long period of time does not permit to confirm that consumption 
functions determined for the u.s.A, will be identical for less developed 
economies. In fact, certain deviations are expected to occur as a result 
of steadily changing consumption trends due, inter alia, to substitution 
and recycling. There can, however, 'be no doubt in the validity of the 
basic relationship between growth in mineral consumption a~d growth in 
material well-being during the process of industrial development up to 
the high income levels of industrialized nations. From this it follows 
that LDC's can only benefit from increasing income to the extent that 
actions are taken regarding the required growth in industrial mineral 
.~vailability. 

3.28 In this context it is also interesting to note that 
evidence exists according to which at some point during industrial 
development, non-metallics become more important in terms of value of 
production than metallics in a nation's economy especially if cement 
production is included. 14/ In the U.K. this point occurred in the 
nineteenth century, in the U.S.A. early in this century, in Spain in the 
early seventies, while in younger economies like Australia it is 
currently happening. Thus, the time of the crossover point can be 
considered a measure for the industrial maturity of a country, since in 
almost all mature industrialized economies the value of non-metallics is 
much greater than that of metallics. It can therefore be concluded that 
as LDC's continue to make progress toward industrial maturity, also 
there emphasis has to be placed on securing an increasing supply of 
industrial minerals rather than on the development of additional metal 
producing capacities. 
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IV. INDUSTRIAL MINERALS MARKET 

Tradeability of Industrial Minerals 

4.01 The key quantity affecting tradeability of mineral commodities 
is unit value. As a general rule, the higher the unit value, the larger 
the competitive marketing radius of a mineral is going to be. Other 
significant factors inrlude bulk to be moved together with proximity, 
type and quality of in'<rastructure available. Additional aspects to be­
considered in mineral marketing are location of producer relative to 
competitors and consumers, as well as the ability to meet individual 
customer specifications. 

4.02 In Annex 3.1 average unit values have been compiled for all 
major commodities, grouped by principal mineral categories, In addition, 
comparative ranks of individual minerals in terms of unit valu1es are 
shown. The tabulations confirm that almost all industrial minerals are 
in the lower unit value class of ranks above 25, while the gre,~t 
majority of metals fall in the range from 1 to 25, 

4.03 An additional compilation of average unit values and typical 
price ranges of industrial minerals is included in Annex 4,1, with 
commodities arranged in falling order of average unit values. The table 
shows that only 6 industrial minerals reach average unit value~ above 
1,000 US$/ton, 16 commodities lie between 100 and 1,000 $/ton, 23 
between 10 and 100 $/ton, while 5 commodities fall below the 10 $/ton 
mark. Thus, based on average unit values, industrial minerals as a group 
must b~ termed low to medium-value commodities. On the other hand, for 
most of the industrial minerals, a large price range exists in which 
lower and upper values may differ by a factor of more than 10. Large 
price differentials primarily result from corresponding differences in 
product quality, These may be attributable to differences in natural ore 
grades or those imposed through processing. 

4.04 Current practice, however, proves that low to medium value 
minerals can also be traded in significant quantities. Representative 
examples include coal and cement, commoditie~ in the unit value range 
from 30,- to 60,- US$ per ton. Of both, between 10 % and 20 % of world 
production are traded internationally. With phosphate and bauxite, which 
belong to a similar level of unit valuea, 33 % and 48 % respectively of 
world output enter international trade. Extensive international trade 
with these commodities of moderate unit value is possible in view of the 
large volumes involved and the associated scale economies. Other 
industrial minerals of which significant quantities are moved in 
intercontinental trade include barytes, bentonite, chrome ore, 
flourspar, gypsum, manganese ore, mineral sands, potash, pumice, salt, 
soda ash and sulphur. 

4.05 A survey of freight rates charged for industrial minerals 
shipments reported in 1986 is presented in Annex 4.2. 12/ In this 
sample, sizes of shipments range from 3,000 to 35,000 tons with most of 
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the quant!ties lifted being in the range between 10,000 and 25,000 
tons. Freight rates vary from 5,- to 25,- US$ per ton, with the majority 
between 10,- and 20,- $/ton, It is obvious th~t with some of t~e 
low-value commodities traded such as gypsum, pumice or salt, freight 
rates come close to the unit values of the respective industrial 
mineral, thereby almost doubling landed unit prices, For medium value 
connnodities like flourspar, potash and sulfur, transfer costs may amount 
to between 10 % and 20 % of landed unit price, 

4.06 Basically total transfer costs increase in absolute terms 
with increaaing quantity and distance of destination, yet at a declining 
rate. Freight rates, thus, tend to fall with longer distance hauls and 
larger tonnages handled, In addition, freight charges for bulk shipments 
are considerably lower than for bagged/ containerized shipments, being 
typically about half of the latter,.!£. Apart from that, there are 
si~nificsnt differences in transportation costs between alternative 
transfer media, For inland transportation, rcsd trar~port generally 
offers lowest short-haul rates, while rail transport becomes more 
competitive over an intermediate range of distances, 1]_/ Water 
transport can offer the lowest rates for transportation of minerals over 
long distances, 

4.07 With low value construction minerals the most critical costs 
are those of transportation and accordingly production should take place 
as near as possible to centers of population with inexpensive 
tr.ana,ortation while at the same time communities should guard against 
covering valuable minerals by urban sprawl, 

4.08 Lower middle unit value minerals from cement to salt can be 
trRnsferred competitively over intermediate to long distances provided 
they are located close to a railroad or waterway, shipped in bulk and in 
sufficiently large quantities, Under these circumstances, this commodity 
group is internationally tradeable, Practically all upper middle and 
high unit value industrial minerals are internationally tradeable 
connnodities, even when shipped in small quantities or in bagged 
condition, In view of their high unit value, transfer costs for these 
minerals will in all cases amount to only a small fraction of landed 
prices, 

Characteristics of Indestrial Minerals Demand 

4.09 At any given point in time, the demand for mineral commodities 
is strongly related to the momentary intensity of economic activities, 
The extractive sector as a whole is, thus, highly sensitive to swings in 
business cycles, A large portion of commodities suffers severely in 
periods of reduced growth or economic contraction, This is particularly 
the case with minerals used in large measure for the manufacture of 
capital goods and consumer durables since the acquisition of such items 
can be postponed in times of lower income or purchasing power, This is 
also the reason why industrial minerals as a categoy are generally lesb 
affected during an economic downturn than metals, 
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4.10 A number of industrial minerals find their principal 
application in conscmer nondurablea for which consumption remains 
comparatively stable in a recessionary period, 1JJ..! Commodities include 
potash, phosphates and sulfur for fertilizer production, limestone, 
dolomite and gypsum as soil treatment, and lime for water treatment, A 
second group used mainly in industrial or mixed industrial and consumer 
nondurables is somewhat less stable than consumer nondursbles, yet still 
largely resistant to cyclical fluctuations, This group comprises 
industrial minerals used in chemicals, paint, paper and rubber, i,e, 
salt, sulfur, chemical grade flourspar., chemical grade limi.estone, 
iodine, diatomite, kaolin, talc and ilmenite, 

4,11 For indcstrial minerals consumed in the manufacture of 
consumer durable goods, demand is much more cyclical and erratic than 
for those mainly used in nondurables. Since steel is a key material for 
all durable goods, fluctuations of steel production are reflected in the 
production of a variety of industrial minerals. Primarily affected are 
refractory materials, fluxes ~nd foundry minerals, i,e, bauxite, 
magnesite, chromite, dolomite, kyanite, graphite, zircon, limestone, 
silica sand, and metallurgical grade fluorspar, In addition, industrial 
minerals for abrasives and ceramic materials have to be partly included 
in this ,. :oup, i,e. industrial diamonds, garnet, pumice, clay, 
wollat d.te, calcite and quartz, 

4.12 Subject to similarly great fluctuation are industrial 
minerals consumed for the manufacture of capital goods and 
construction, This group includes cement, crushed stone, sand and 
grav4l, gypsum, perlite and vermiculite, The consumption of cement, 
crushed stone and sand & gravel of which large volumes are used for the 
construction of infrastructural facilities and maintenance, however, is 
also heavily dependent on government policies, Still other commodities 
such as barite and bentonite are severely affected by the developments 
of a single industry, oil well drilling, 

4,13 Apart from the cyclical nature of economic activities, 
consumption. patterns of various industrial minerals are changing due to 
still other exogeneous forces. There is strong evidence that since the 
late 1960's mineral-consuming manufacturing industries are be~oming less 
materials-intensive. l2_/ An example in this context is the automobile 
industry, now producing smaller and lighter models than 20 years ago, 
Again, the nonmetallic minerals were less severely affected than the 
metals, However, continued efforts to reduce operating costs in the 
steel industry have led to significant reductions in the specific 
consumption of such minerals as limestone, dolomite and metallurgical 
fluorspar, 

4,14 Industrial minerals used for glass manufacture such as silica 
sand, soda ash and feldspar are affected by the growing trend towards 
the recycling of glass containers, The future of asbestos, which is 
extensively used in construction minerals, will depend on further 
government regulations panning the use of asbestos-containing products 
for health reasons, Other commodities which may increasingly become 
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subject to government action restricting their use include insecticides 
using talc, fluorcarbons derived from fluorspar ar,d detergents 
containing phur.phates. 

4.15 Another aspect of interest with industrial minerals markets 
is thut for some commodities production is predominantly captive while 
for others it is non-captive. Chemical minerals which are used in large 
quantities are frequently produced captiv~ly by end-users. Captive 
production is common with chloralkali producers who in most cases mine 
their own industrial salt and chemical-grad~ limestone, with fertilizer 
companies producing their own potash or phosphate and with steel plants 
burning their own lime. Many of the operations in the ceramic industry 
have their own production of magnesite, dolomite or fire clay. 

4.16 Physical minerals, for which consumption is distributed 
among many types and locations of end-uses, are generally not produced 
and processed by the users. Because of the greater variety of 
purchasers, of which most buy comparatively small quantities, the 
proportion of ~aptive production is relatively small.~/ Commodities 
include industrial minerals which find application as structural 
materials, extender and filler pigments, abrasives, foundry minerals and 
electrical minerals. A notable exception are minerals for drilling mud 
for which production is largely captive and dominated by a few major 
suppliers serving the petroleum industry. 

Barket Structure and Trade Patterns 

4.17 Although industrial minerals have the reputation of 
widespread occurrence, a small group of this commodity category can be 
considered rare. With eight industrial minerals comprising nitrate~, 
natural sodium carbonates, iodine, garnet, vermiculite, boron, lithium 
minerals and rutile, more than 90 % of world production are concentrated 
in only 3 countries. In Annex 4.3 a., a compilation is presented 
includit~ the number of producing countries for each industrial mineral, 
as well as the share of the first, the first three and the first five 
countries in world production. Commodities are ranked according to share 
of first 5 countries. Results are graphically illustrated in 
Annex 4.3.b. 

4.18 Furthermore, for a total of 13 industrial minerals, more than 
95 % of world production is derived from only 5 producing countries. 
Apart from the commodities listed above, these include wollastonite, 
bromine, zirconium & hafnium, rare earths and industrial diamonds. While 
these minerals are consumed in comparatively small quantities, their 
market structure is definitely oligopolistic. For another group of 12 
commodities, i.e. soditl/" sulfate, strontium, pP.rlite, mica, asbestos, 
potash, pumice, mangan~se, corundum & emery, bentonite & fuller's earth, 
chromite for non-metal use and kyanite, between 80 % and g5 % of world 
production is mined in only 5 countries. Inspite of this pronounced 
concentration of production capacities, the market of these minerals 
does not exhibit genuine oligopolistic characteristics due to the 
elevated number of individual producing companies. 
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4.19 As illustrated in Annex 4.3.b, for the bulk of industrial 
minerals, the degree of concentre.tion of supply is moderate to low, with 
more than 10 producing countries for most commodities. Particularly 
construction materials, ceramics minerals, chemical minerals, industrial 
filler and refractory minerals are extracted in a large number of 
countries, Thus, for the great majority of industrial minerals, the 
market structure can be considored truly polypolistic, This is also 
documented by a review of major supplien. and producing companies of 
industrial minerals which is presented in Annex 4,4. :i./ 2t/ '!:1.f The 
review in which both commodities and suppliers are listed in 
alphabetical order, clearly shows tbat f.or all industrial minerals at 
least several major producers exist, Since the compilation includes only 
the major companies, it can further be assumed that, with very few 
exceptions, numerous protl~cers exist with all commodities if the less 
important suppliers are also taken into consideration, Fi:-om this reviev, 
it is also obvious that the great majority of the major industrial 
minerals producers are located in the industrialized countries of 
Western and Eastern Europe, North America and Australia, Main exceptions 
include diamonds and phosphate rock, 

4,20 Contrary to a misconcept1?n trequently found, industrial 
minerals,·moreover, play a significant role in international trade, This 
is illustrated by the estimated share of international trade in world 
production presented for individual commodities in Annex 4,5,a, With 
nine commodities, i,e, industrial diamonds, nitrates, zirconium, 
dimension stone, borates, iodine, nepheline syenite, lithium, ilmenite & 
rutile, international trade exceeded 50 % in 1983, Interestingly, for 
industrial.diamonds thic value is 162 % which provides proof that a 
substantial proportion of this commodity is re-exported at least once 
from the first importer, Furthermore, between 40 % and 50 % of bauxite, 
fluorspar, sulfur and barite produced enter international trade, For ten 
further industrial minerals from asbestos to vermiculite this share is 
more than 30 %, Only the small group of low ~alue, high volume 
commodities, primarily construction materials, is traded internationall}• 
in negligible quantities, Results of this analysis are summarized 
graphically in Annex 4,5,b, 

4,21 Additional statistical material which is useful in further 
examining the regional aspects of the industrial minerals supply-demanl 
pattern is presented in Annexes 4,6 and 4, 7, The compilation in 
Annex 4,6 lists the five leading exporting and importing countries by 
commodity providing dat~ on quantities traded and respective share in 
world demand, In Annex '.4, 7,a through 4. 7 ,d imports and exports of 
industrial minerals are analyzed both by commodity and country group, 
i,e, for developing countries, industrial market economies and centrally 
planned economies, Results are presented both numerically and 
graphically, The data confirm that significant quantities of industrial 
minerals are moved in international trade, 

4,22 Developing countries as a group are major exporters of natural 
nitrates, barite, bauxite, fluorspar, mica, phosphates, graphite and 
manganese and important importers of cement, Apart from these 
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commodities, the role of developin:, countries in the industrial minerals 
market is still limited. Industrialized nations, howe·rer, clearly 
dominate both the demand and to a lesser extent the supply side of the 
entire industrial minerals market. The leading role in the export and 
import of industrial minerals is definitely played by the market 
economies while centrally planned aconomies appa.rently do not 
participate extensively in the international trade of the target 
commodities. 

4.23 It is plausible that industrialized nations dominate the 
demand side of the industrial minerals market since the consumption 
level of this commodity group is a function of industrial maturity, as 
observed in para. 3.26. The reasons for the predominance of the supply 
side, however, are less transparent. With the lcw value commodity 
subgroup the explanation appears to be lack of tradeability and, to a 
certain extent, limited prospects for attractive financial returns. With 
the high value mineralo it appears to be lack of access to sophisticated 
processing technology and expertise on the part of LDC 1s required in 
serving multiple product markets with highly variable and demanding 
product specifications. 
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v. IMPL!MBNTATION AND OPERATING B!OUIRBMBNTS 

Reaource Identification 

s.01 The initial step in project implementation is the 
identification of a workable industrial minerals deposit. Within any 
country or area, the resource potential related specifically to 
industrial minerals is dependent upon certain geological conditions. A 
guide for the assessment of the geopotential of large areas with respect 
to major sub .. groupa of industrial minerals :I.a presented in Annex s.1. 
30/ In this cha~t, typical geological conditions are linked with 
industrial mineral sub-groups in matrix form. Individual geological 
conditions are assigned values that are indicative of the prospects of 
finding certain industrial minerals in a particular geological 
environment, The chart is, thus, useful in narrowing geological search 
areas in a given country, As a general rule, chances of success 
regarding the identification of industrial minerals deposits usually 
grow with increasing geological variety of the area investigated, 

5.02 In many LDC'a knowledge of indigenous resource endowment is 
limited, In such cases, industrial minerals development programs will 
have to commence with a nation-wide inventory of the geological 
potential of target industrial minerals and the identification of 
suitable prospects, Traditional sources of funds for this highly 
important pre-implementation activity have beer. national budgets, 
bilateral assistance, multinational assistance and more recently 
national and international exploration funds. 

Mining and Processing 

5.03 A profile of principal mining and processing 
characteristicu or mnjor industrial minerals is included in Annex 5.2, 
with commodities arranged in alphabetical order. The review shows that 
most all of the low unit value minerals consumed in large ~uantitiea are 
extracted by surface mining methods, Among these are sand & gravel, 
crushed stone, cement raw materials, pumice, perlite, phosphate rock, 
clays and bauxite, Stripping ratios are usually low, rarely ~xceeding 
values of 1: 1 or 2: 1, Many of the medium to high unit value commodities 
are mined both underground and open pit, with underground mining 
generally at shallow depths. 

5.04 Several industrial roinerala are either entirely or largely 
ret" -,ired from subsurface brines lifted in boreholes, i. e, bromine, 
!od ,, lithium and potash, Significant quantities of salt and sulfur 
are extracted by borehole solution mining, Titanium and zirconium 
bearing minerals are almost entirely recovered from alluvial deposits of 
mineral sands in dredging operations, Unconsolidated and 
semi-consolidated mineral deposits such as bauxite, clays, 
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diamondiferous placers, phosphate, perlite, pumice and sand & gravel are 
mined by conventional open pit earth moving equipment including 
draglines, scrapers, bulldozers, shovels, wheelloaders snd trucks, 
Minerals of moderate strength 1uch as gypsum, phosphate rock, salt, 
potash and trona can be mined underground using continuous mining 
machines. All other industrial minerals are exploited by conventions: 
surface or underground mining methods involving drilling and blasting, 

5,05 With a number of industrial minerals, significant quantities 
are extracted by small-scale mining, Approximately 90 % of the 
production of fluorspar, graphite, talc, vermiculite and pumice are 
mined on a small scale, 22/ Feldspar, clays, gypsum, barite, sand & 
gravel, stone, salt, asbestou and phosphate, have an important 
small-scale component, 

5,06 Processiug of industrial. minerals is generally more 
sophisticated and demanding in terms of technical skills and experience 
than mining, Exceptions that are comparati'li·ely simple to process include 
sand and gravel, crushed stone, cement raw materials and to a leaser 
extent salt, certain types of clay and bauxite, As stated earlier, 
chemical minerals comprising commodities for the chemical, fertilizer, 
ceramics and metallurgical industry are frequentl:• processed captively, 
They are requf.red by the industry for the chemical elements they contain 
and they are produced to established and fixed composition 
spec:l.f:lcations in comµaratively large quantities, Although chemical 
processes employed can be relatively complex, this fact makes processing 
a routine job which can be controlled without major problems after 
initial training and accumulation of experience, In addition, these 
minerals are not in danger of being replaced by substitutes, 

5,07 Physical minerals, on the other hand, are required on the 
basis of their performance in a specific end-use and are generally not 
processed by the user, Since these commodities are ususally processed 
for a greater number of different industrial applications whh varying 
specifications, processing plants must be flexible, There is often for 
one and the same mineral a large number of specifications and customer 
tailored processing is not infrequent, 23/ The routine component in the 
process:l.ng of these commodities is, therefore, considerably smaller and 
plants generally have to be innovative and have to maintain extensive 
research and development fac:tlities as well as an intimate knowledge of 
the manufacturing processes of customers, With this category of 
industrial minerals, therefore, both quality control and product 
marketing sre generally considerably more demanding than with the 
chemical minerals, Minerals of this group are also more readily 
interchangeable with other minin1; products and thus frequently subject 
to substitution. 

5,08 Apart from the struct'ural minerals, the physical group 
includes commodities for extender and filler use, process aids, 
abrasives, foundry minerals and electrical minerals, The main processing 
objective frequ1mtly is the production of mineral flours and 
granulations, Comminution, more particularly fine grinding and 
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classification, therefore, are the economically most significant unit 
processes in industrial minerals processing and products usually have to 
be controlled to precise limits of particle size, size distribution, 
brightness, moisture content and rheological properties. Strict quality 
control and continuous close contacts with customers are of prime 
importance with physicel minerals. In view of these aspects, custom 
milling is not uncommon and ~n estimated one third of these industrial 
minerals is processed by commercial processing plants. Such plants are 
located in areas of high mineral consumption and rapid industrial 
development frequently near major seaports as for example in countries 
like the Netherlands and the U.K. 

5.09 The production of high-grade qualities of certain physical 
minerals usually requires comparatively sophioticated technology 
combined with stringent process control practices. Such technologies 
frequently are the result of many years of research, development and 
operational refinement by a few leading producers. In some cases 
technologies were developed for a specific set of unique mineral 
properties. Such technologies thuG must be considered non-universal and 
lack of access to this expertise may provide a major barrier to entry 
for LDC's, 

5 .10 An illustrative example in this conteitt is the production 
of high-quality industrial fillers for plastics, paints, polishes and 
adhesives based on calcium carbonate. For certain types of products, 
specifications include minimum purity of 99.75 % CaC03, fine grinding 
of 75 % below 1 micron and brightness values of 93 Elrepho. Such 
product.a usually also receive special surface treatment to provide 
certain desired properties. Other minerals requiring non-universal 
process technologies comprise, among others, lithium minerals, talc & 
pyrophyllite, bentonite and c~rtain kaolin products. 

5.11 There is also a tendency recognizable in the industrialized 
countries that the users of industrial minerals set increasingly strict 
limits on the characteristics which raw materials should or should not 
possess. 24/ Narrowing specifications are usually the result of efforts 
on the part of the user to improve control of manufacturing processes, 
to reduce manufacturing costs and rejects and to enhance product 
quality. While the pursuit of such objectives is e necessity in the 
highly competitive environment of industrialized nations, the 
application of somewhat relaxed product specifications for commodities 
consumed locally is justified in developing countries. This practice 
will facilitate the establishment and successful operation of local 
processing capacities Without seriously jeopardizing the usefulness of 
the final product. 

5.12 A characteristic of great significance in mineral 
processing is the ratio of the run-of-mine ore grade to that of the 
marketable product and the associated concentration factor. Respective 
values for industrial minerals are presented in Annex 5.3, with 
commodities ranked according to their average concentration factors, 'foe 

I 
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concentration factor, as the ratio of the quantity of r,o,m, ore to be 
processed per unit of marketable product, is indicative of the extent of 
processing requirements, As a rule, the higher the concentration factor 
and the lower the unit value of a-mineral, the greater the economic 
necessity to concentrate close to the point of extraction, Commodities 
with extreme values include such high value minerals ae industrial 
diamonds, iodine and quartz crystals ~th corcentration factors between 
5,000 to more than 20 million, For all commodities with elevated 
concentration factors ranging from 2 to 10, an initial concentrating 
stage at or near the mine ie important, while for commodities with 
values in excess of 10, processing at the mine is an absolute necessity 
since the low unit value of unconcentrated ore severely restricts the 
competitive transport radius, 

5, 13 While the value-added generated in pre-concentration of 
crude industrial minerals would frequently be sufficient to permit 
long-distance transport, careful thought should be given to the option 
of extending the degree of local processing for two reasons, First, 
because additional local processing results in higher unit-value and 
thus, in a larger competitive distribution radius for the mineral, And 
second, because the enh~ncement of national value-added is a highly 
desirable objective, particularly in developing countries, Additional 
local processing is, however, only justified to the extent that the 
resulting increr,ental value-added is truly positive, 1.e, that the 
incremental inc:-eaee in unit value due to additional processing is 
greater than the associated incremental unit cost, Factors to be 
observed in thh context include cost of energy and product:io'l fact ore, 
availability of skilled labor and technology, availability or 
infrastructure and processing r2quirements, particularly process water 
and amenability of ore to processing, Smallest economically justified 
plant capacity in relation to planned output ie an additional essential 
aspect, 

5,14 Evidence from extractive operations in LDC' s, howe•:m:-, 
exists that in most refineries and smelters, financial returns are low 
to negative, The same applies to the processing of non.-metallic 
minerals, such as phosphate or bauxite, The obvious reason for this is 
that due to the high degree of sophistication of modern processing 
facilities, keeping plants operating efficiently is particulary 
difficult in LDC's, Since with sophisticated processing methods LDC'e 
have the least comparative advantage, decisionc on forward integration 
and additional domestic 'Processing have to be based on a careful 
analysis of the existence of sufficient comparative advantages in each 
individual case, 

5,15 While most of the middle income developing countries have 
reached a level of technological and educational development that the 
operation of mines and processing facilities ie possible without major 
outside assistance, in many of the lower income economies this will not 
be the case, particularly where mining tradition is lacking, In such 
cases it will be preferable to limit processing a priori to the 
production of pre-concentrates rather than attempting to produce final 
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products with extensive expatriate assistance, Especially with most of 
the physical minerals mined for export markets with a variety of special 
end-uses, this route may be the only practical option, In other cases, 
exporting crude ore may turn out to be the sole alternative since it may 
be impossible to secure the necessary processing know-how from abroad, 
Examples could include the production of special grade industrial 
fillers from talc or high-grade limestone as well as the processing of 
special clays, To the extent that domestic markets with lees 
demanding quality requirements are served, the integration of the full 
scope of processing is, however, both possible and desirable, 

Infrastructure and Investment 

5,16 The extractive sector is dependent upon physical 
infrastructure including transport facilities, public utilities and 
repair facilities, Of particular importance are transport links suitable 
for the inbound transportation of mining and processing equipment, the 
outbound movement of mine products and the transportation of operating 
supplies and personnel, 25/ The absence of adequate infrastructural 
facilities can be a se~foiis constraint for the development of indigenous 
mineral resources in view of the high investment costs associated with 
their establishment, It is not unusual that more than 50 % of total 
project costo of large mining operations in remote areas are required 
for infrastructural installations such as township, captive power plant, 
road or railroad link and deepwater port, 

5, 17 While infrastructural requiremer.ta generally grow with 
increasing mine size and operational sophistication, they also vary with 
the type of operation and the mineral produced, With the high-volume, 
low to moderate unit-value group of commodities with small concentration 
factors such as construction materials and some of the minerals for the 
chemical and fertilizer industry, efficient bulk transport 
infrastructure for commodity distribution is essential. With increasing 
concentration factors, the importance of transport infrastructure tends 
to diminish in favour of other infrastructural facilities required for 
the supply of power, process water and operational supplies, 

5,18 Specific investment costs in-terms of monetary units per 
incremental capacity installed, vary substantially depending upon 
project size, project location, type of operation and mineral developed, 
While total investment, basically, increases with project size and 
degree and sophistication of processing required, specific investment 
costs fall with growing capacities, due to the effects of economy of 
scale, Cost per unit output also increases with depth of mining and is 
usually considerably lower for surface mines than ·for underground 
operations, Thus for high volume construction materials extracted from 
shallow open pits with little subsequent processing, specific investment 
costs are considerably lower than for industrial minerals mined 
underground and necessitating extensive processing, e,g, potash, mica, 
graphite, asbestos or sulfur. 
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5.19 Order of magnitude capital cost estimates for typical 
mechanized mines, based on model operations under u.s. conditions are 
summarized below for various capacities: 26/ 

Production Type of Operation Capital Cost Range 
Capacity in tpd in million 1984 US$ 

Under11round 
100 Adit access or shallow 2.0 - 4.0 

shaft, shrinkage stope 

1,000 Adit access or shallow 10.0 - 12.0 
shaft, cut & fill stoping 

5 ,ooo Adit access, room & 18.0 - 20.0 
pillar mining 

Surface --.soo- Stripping ratio 1:1 to 2:1, 4.0 - s.o 
1,300 1 hauls, hard rock 

5,000 Stripping ratio 1:1 to 2:1, 9.0 - 12.0 
2,500' hauls, hard rock 

10,000 Stripping ratio 1:1 to 2:1, 16.0 - 22.0 
6,500 1 hauls, hard rock 

Modols selected represent shallow underground mining in competent rock 
and surface mines with moderate stripping ratios, short to medium 
haulage distances and hard rock. They can, thus, be considered typical 
for a variety of industrial minerals. Specific investment costs vary 
from 3,600 to 40,000 $/tpd for under~round mines and 2,200 to 10,000. 
$ per dailv ton of capacity for surface operations. 

5.20 Quoting the same source, order of magnitude captial costs 
of model flotation milla of different capacity are listed in the 
following tsble: 

Ore Feed 
Rate - tpd 

100 
500 

1,000 
5,000 

Capital Cost Range 
in million 1984 US$ 

2.5 - 3.2 
6.5 - 7.5 
9.7 - 10.7 

2s.2 - 21 .2 

Specific Investment 
103 $/tpd 

25.0 - 32.0 
13.0 - 15.0 
9.7 - lC,.7 
s.o - 5.4 
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Flotation mills considered are designed to one or two concenl'.rate 
products from low grade, medium hard ores. Unit operations inzluded in 
the circuit comprise crushing, grinding, flotation, concentrate 
thickening and filtering, tailings thickening and disposal. Cost of 
infrastructural facilities is not included. 

5.21 Based·on these figures, specific investment costs for 
integrated mine-mill operations producing industrial minerals range from 
a high level of approximately 30,000 $/tpd to 70,000 $/tpd for 
small-scale unite involving underground mines down to a low of 
7,000 $/Cpd to 16,000 $/tpd for large-scale operations with s~rface 
mining. Thus, with most industrial minerals produced in ~mall scale 
operations as discussed in para. 5.05, total investment for a typical 
project with a capacity of up to 100,000 tpa r.o.m. ore will be below 
20 million U.S.$. For small-scale sand & gravel operations investment 
will be even considerably below that amount. By contrast, with 
industrial minerals produced predominantly on a large scale, such as 
bauxite; phosphate or soda-ash, project invep,tment will typically be 
several hundred million U.S.$. 

5.22 A survey of selepted industrial mineral mine and plant 
projects currently in the plannine & development stage or recently 
completed is presented in Annex 5.4. 20/ The survey which covers a total 
of 18 industrial minerals and more than 30 projects largely confirms the 
rangr of project investment costs presented above. Since investment cost 
data vary considerably even for seemingly comparable projects, figurea 
listed can only be interpreted as indicati,,e of project type and size 
with the necessary caution. While information available is insufficient 
to provide adequate explanation for the magnitude of variations, it is 
safe to assume that local circumstances, in particular differences in 
the extent of required infrastructural installations, are largely 
responsible. 

5.23 A detailed survey of the professional literature published 
within the past decade shows that very little concrete information is 
available regarding industrial minerals projects implemented in LDC's. 
In the few project descriptions published information is usually 
insufficient to permit meaningful analyses and representative 
conclusions. Thus, an analysis of successes and failures of industrial 
mineral projects in LDC's as a basis for future project design is not 
feasible. As a result, conclusions regarding the optimum approach in che 
implementation of industrial minera:ls projects in LDC's have to be 
derived from general industry experience gained in induBtrialized 
countries. In addition, lessons learned with the implementation of other 
mining projects in LDC's will be useful. 

5.24 Basically, in most aspects the approach in project design, 
evaluation and implementation will be comparable to that to be followed 
with fuel mineral and metal mining projects. Project risks and barriers 
to entry for local entrepreneurs or investors will, however, vary 
considerably with industrial mineral subgroups. They will usually be 
greater in processing than in mining and they are highest with those 
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commodities for which non-universal processing technologies are 
required, On the other hand, project risks and barriers to entry are 
almost negligible with most construction minerals, Another important 
aspect in project selection is that typical comparative advantages of 
LDC's can primarily be expected with labor - intensive industrial 
mineral projects, i,e, with commodities extracted primarily in 
small-scale underground operations, Comparative advantages will 
generally be smallest in large-scale surface mines and with commodities 
requiring sophisticated processing operations, 
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VI. l!ljTURE PROSPECTS FOR '.!NDUSTRIAL MINERAI.,S 

Supply-Demand Relationship 

6.01 Various trends have started to evolve in the recent past ~hat 
will continue to affect the primary production of a number of minerals 
in coming decades, These include (i) growing pressure from environmental 
protection interests, particularly regarding use of land and water for 
surface mining, (ii) increasingly demanding quality requirements and 
narrowing product specifications on the part of consumers, (iii) more 
effecrive and economical use of materials resulting in lower specific 
consu1nption, (iv) tendency toward increasing rates of material 
recycling, especially with higher price commodities, and {v) continued 
effort& 1'ega ·ding material substitution, in particular a trend away from 
metals in favor of ceramics, plastics and composite materials, By and 
large, effects of these trends on industrial minerals are expected to be 
less strong than on the other commodity categories, 

6.02 With practically all industrial minerals, current production 
capacities exceed present demand, In a number of cases significant 
excess capacities exist, The extent of global overcapacity is reported 
in Annex 6,1, based on figures published by U,S,B,M, for 1983, Using 
U.S.B.M, demand growth project:ions, and 1983 demand data, the 
hypothetical year of demand-dupply balance can be calculated on the 
assumption that no capacity changes occur. Results are also contained in 
Annex 6,1, The extent of 1983 overcapacity ranges from a low of between 
10 % and 15 % of demand for graphite, feldspar, lithium, iodine and talc 
to a high of more than 50 % for sheet mica, Accordingly with many of the 
commodities overcapacity can be expected to persist well beyond 1990. 
This situatior. is a result of the development of large capacities 
throughout the world in the 60 1s and early 70's f~llowed by a 
substantial contraction of demand thereafter due to considerably slower 
economic growth in most of the traditional consuming countries, As a 
result, no capacity·-related supply shortages are expected in the short­
and medium term in s1,d.te of indications of reviving demand, 

6,03 In Annex 6,2, observations on the recycling and substitution 
potential as well as on the adequacy of long-term supply are summarized 
for all major industrial minerals, The compilation shows that, contrary 
to metals, the recycling potential with industrial minerals is limited 
to a small number of commodities and generally small in volume, 
Secondary recovery and reuse is practiced only with bromine, 
flour-compounds, industrial diamonds, gypsum, iodine and crushed stone 
in recycled concrete, Primary feldspar procuction is affected by the 
recycling of glass, Secondary recovery thus cannot ha considered a major 
source of !ndustr:tal minerals and a significant factor affecting primary 
production, 

6.04 'ntrary to the limited potential for recycling and secondary 
use, .~~t industrial minerals, substitutes or alternate materials 
exist at least in some applications. Commodities for which 
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immediate substitutes are either not readily available or available only 
to a limited extent comprise asbestos, bauxite for non-metal use, boron, 
fluorspar, lithium, as well as phosphate!; and potash in fertilizer 
production, Although most industrial minerals are basically subject to 
substitution, existing competitive materials are frequently less 
efficient or more costly, A typical example are industrial diamonds 
,rM.ch can only be replac.:.d by less efficient substitutes in most 
applications, With otl:er commoditie6, such as lime and gypsum, although 
alternate materials would be available, substitution pressure is limited 
in view of their low unit value, Other commodities, although 
diffi~ult to replace, are subject to reduced use for environmental or 
health reaRons, Examples include phosphat.;s in detergents, salt in road 
deicing and asbestoa in building materials, 

6,05 With a few notable exceptions, presently known world 
reserves of industrial minera~Y are adequate to meet cumulative world 
demand beyond the year 2000, This assessment is based on reserves 
workable at the current level of commodity prices, The principal 
exception for which world reserves are barely adequate to meet 
cumulative demand beyond the forecast period, is sulfur, Supply 
uhortages with this commodity, therefore, cannot be ruled out, 27 / 28/ 
l'or barite, known supply is limited to 25 times of world production-:­
With talc and pyrophyllite, only the inclusion of re~ources workable at 
moderately higher prices will result in reserves adequate to meet demand 
through 2000, 

6,06 The preceding discussion permits to draw some cautious 
conclusions regarding the medium-to-long-term price trencs of industrial 
minerals, In view of the fact that most commodities are subject to 
substitution to some extent and that known reserves are generally 
adequate to meet cumulative demand through 2000, no significant 
increases in the real prices are anticipated for the great majority of 
industrial minerals, Actual commodity prices will basically de•relop in 
line with average inflation in principal consuming countries, Sulfur is 
the only commodity for which a significant increase in real prices could 
occur, Talc could experience a moderate real price rise as well as 
commodities with a pronounced Rupply concentration which could provoke 
oligopolistic behaviour, e,g, boron, iodine, vermiculite, With all other 
commodities, however, there is no apparent reason to expect any 
substantial long-term upward movement in real price, 

Long-Term Demand Growth 

6,07 Since the establishment of new mine capacities is a 
c~pital-intensive venture frequently associated with a substantial 
t~me-lag between initial investment and subsequent cash-inflows, mine 
d~velopment decisions have to be based on forecasts of long-term 
commodity demand, In Annex 6,3, U,S,B,M, projections of average annual 
growth rates of world industrial mineral demand for the period 
1983 •· 2000 are listed for all major commodities, Forecasts of long-term 
demand are established as aggregate values of individual end-uses on the 
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basis of regression analyses of time series data. Figures presented 
represent probable values determined on the basis of low and high 
estimates resul'Cing from differences in assumed contingencies. 
Commodities are arranged in falling order of probable average annual 
growth rate £or the forecast period. 

6.08 High average annual grow.h rates are forecast for 9 
commodities, i.e. quartz crystals, rutile, ilmenite, dimension stone, 
zirconium & hafnium, talc & pyrophyllite, chromite, asbestos and lithium 
raw materiels, with values ranging from 4.5% to 6.7% p.a. World demand 
of these commodities thus is expected to expand to between two or three 
times 1983 levels within the forecast period. Moderate gr·owth rates 
ranging from 2% to 4% p.a. are projected for another 29 jndustrial 
minerals, corresponding to an increase of world demand between 1.4 and 
2.0 times of 1983 values until 2000. For a small group of 7 commodities, 
comprising emery, graphite, manganese, feldspar, bromine, magnesite and 
mica, growth rates are expected to be below 2% p.a. The only commodity 
£or which world demand is projected to decline at a rate of 2.2 % is 
sheet mica.Thus, according to the u.s.B.M forecasts presented, for the 
great majority of industrial minerals moderate to high growr.h rates can 
be anticipated throughout the century. 

6.09. It has to ba noted, however, that the degree of accuracy of 
demand growth proj·~ctions in the extractive sector has generally been 
limited due to the multitude of variables involved and many projectiono 
have been of so low an order of accuracy as to be almost meaningless end 
possibly misleading. This can be demonstrated by comparing actual vs. 
projected demand growth rates for i~1dustrial minerals for the period 
1973 to 1983 published by u.s.B.M,, as presented in Annex 6.4. Results 
confirm that with the exception of a few commodities, i.e. lithium, 
graphite, cement, corundum, gypsum & an~ydrite and sheet mica, 
projections were generally on the high side. With nine of the forty 
commodities examined, upward deviations were more than 50 %. This can be 
considered indicative that demand projections tend to be too optimistic 
and, thus, have to be applied with caution. 

Intensity of Use 

6.10 Data on annual growth rates listed in Annex 6.3. represent 
global averages that do not reflect regional differences in demand 
growth of individual commodities. Such differences, however, occur due 
to the fact that per capita mineral consumption strongly correlates with 
per capita income in distinct commodity-specific patterns, as discussed 
in paras. 3.24 to 3.26, and due to the regional gradients in per capita 
income. A notion of these differences is useful in the process of 
identifying target commodities and target regions. An appropriate tool 
in assessing the quality and extent of regional differences in demand 
growth rates are projections of the intensity of use (IOU's) at 
different levels of income. The term IOU refers to the relative 
intensity with which a given industrial mineral is projected to be 
consumed per unit of GDP. A comparatively high IOU, thus, indicates that 
a large quantity of a given commodity will be used per unit of GDP. 
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6,,11 In Annex 6,5, IOU's of all major industrial minerals are 
presented in graphical fu=m, Individual IOU projections have been 
determined by simple arithmetic procedures based on data of per capita 
mineral consumption as a function of per capita GDP, as presented in 
Annex 3,4, The analysis confirms that construction materials including 
sand & gravel, crushed stone and cement reach maximum IOU's in the early 
stages of economic development, with IOU's declining thereafter, Other 
commodities that attain IOU - maxima already in the LDC stage of 
development, i,e, in the per capita GDP range below 5,000 U,S,$, 
comprise the chemical minerals, salt, sulfur, soda ash and sodium 
sulfate as well as titanium and graphite, The largest group of 
indust~ial minerals, i,e, clays, gypsum, fluorspar, talc & pyrophyllite, 
barite, feldspar, perlite, vermiculite, magnesite, mica and zirconium & 
hafn1'.im reaches IOU m11xil!Ja in the more advanced development stages of 
industrializ£d countries, exhibiting clear indications of saturation of 
demand at high~r income levels, With a small group of commodities, i,e, 
the fertilizer minerals phosphate, nitrogen,, potash and with boron, 
IOU's continue to increase through all stages of development witt,out any 
signs of demand saturation, 

6,12 From these observations some general conclusions can be 
drawn relative to regional differences in demand growth rates and 
associated deviations .'from the average values given in Annex 6 ,3, For 
construction materials and major chemical minerals, upward deviations 
can be expected in LDC's while downward deviations are likely to occur 
in industrialized countries, With most other commodities, in particular 
the fertilizer minerals, upward deviations from the projected annual 
average growth rates will largely be confined to the industrially 
advanced economies with correspondingly lower than average values 
occurring in LDC' s, 
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VII. TARGET IDENTIFICATION 

Aspects of Country Selection 

7.01 Since the growing consumption of industrial minerals is the 
consequence of economic development, their availability at an increasing 
rate is a precondition for the growth of economies. As discussed, 
principal factors determining nationsl commodity demand are population 
and level of per capita income. From the demand point of view, favorable 
market conditions for the rapid development of the industrial minerals 
sector can, thus, be expected in all countries with large populations 
and a substantial GDP per capita growth rate. LDC's meeting these 
conditions csn, therefore, be considered natural targets with a high 
industrhl mineral market potential. In addition, as outlined in 
paras. 7.10-7,11, industrial minerals can under certain conditions also 
represent important export commodities generating foreign exchange, 

7 .02 In Annex 7 .1. a selection of target economies comprising 
countries with a population of more than 10 million and historical 
average annual growth rates of GNP per capita above 2 % is presented. 
The compilation includes a total of 5 low-income economies, 8 lower 
middle-income economies, 7 upper middle-income economies and one 
high-income oil exporter. Countriea with the highest combination of 
population and per capita income growth rate comprise China, Brazil, 
Indonesia, Nigeria, Rep. of Korea, Mexico, Pakistan, Thailand, Egypt, 
Philippines and Turkey. These should, therefore, be consitlered principal 
target countries for the development of industrial mineral capacities, 
to be established primarily to meet local demand. 

7.03 Apart from the demand growth factor, significant country 
selection criteria include geological potential, political stability, 
attitude toward foreign investment, quality of economic environment and 
institutional infrastructure, attractiveness of mining code and mining 
tradition. 

7.04 Consequently, all countries with a high geological potential 
or with identified resources of industrial minerals for which the 
profitable extraction can be demonstrated or assumed with reasonable 
certainty, have to be included in the target group. While a detailed 
combined country-commodity review would be beyond the scope of this 
l!:'eport in view of the large number of possible combine.tions, some 
general observations facilitate the selection process, It is plausible 
that total mineral resources available within a territory are roughly 
proportional to the amount of land on which mineral operations are 
possible, 

7.05 Two different surveys of the geological potential of 
developing countries including all minerals, are reported in Annex 7.2, 
29/ According to these assessments, resource endowment appears to be 
particularly favorable in Latin America, in bouthern Africa and in 
South-East-Asia, A summary of countries considered to possess high 
general geological potential is presented below, 



Continent 

Latin America 

Africa 

Asia/Oceania 
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Country 

Mexico, Brazil, Bolivia, Peru, Argentina, 
Chile, Colombia, Dominican Republic, El 
Salvador, Nicaragua, Guyana 

Angola, Mozambique, Madagascar, Zambia, 
Zimbabwe, Zaire, Namibia, Botswana 

Indonesia, Philippines, Malaysia, Thailand, 
Papua New Guinea 

Countries with a combination of high demand growth potential, as 
discussed in para. 7.02, and a high geopotential thus include Brazil, 
Indonesia, Mexico, Thailand and Philippines. 

7.06 In all cases in which foreign investment is required for the 
de•relopment of industrial mineral resources, the political stability, 
the predicta~ility of future economic conditions and the quality of the 
investment climate in the host country are of paramount importance. Main 
factors in political risk asse.qsment in general and in the extractive 
sector in particular are (i) regime stability, (ii) level of political 
turmoil, e.g. labor violence, political strikes, terro·cist activities, 
and (iii) restrictions on international business. 31/ Aspects to be 
considered in this context include restrictions on"""1ore1vn equity 
ownership, requirements for use of national or lo~al products, taxation, 
restrictions on repatriating capital and profits, and foreign exchange 
regulations. In industrial mineral projects requiring specialized 
expatriate know-how, the quality of the mining code and of the 
institutional framework also plays an essential role, This is 
particularly true with ~ertain physical minerals that are processed into 
high-grade coi111llodities, as discussed in para. 5.09. In such cases, an 
expatriate know-how partner with the nec~cary expertise can only be 
found if the investment climate is sufficiently encouraging. 

7.07 It is generally accepted that both guarantees and incentives 
are required as devices in attracting foreign capital and promoting 
mining investment in LDC's. Promotional measures can include temporary 
selective tax exemptions or tex reductions on mine production, exemption 
from taxes and duties on imports of capital goods and preferential 
depreciation allowances. While such incentives clearly serve the 
purpose, it has to be emphasized that coi:tract stability and 
predictability of the terms of an investment project together with 
economic and political conditions increasingly become a prerequisite to 
attract large foreign ca;,ital resources. In th1s context stabilization 
clauses in investment contracts including non-discrimination guarantees, 
non-intervention guarantees and freezing clauses can prove very 
effective investment incentives. 33/ 
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7.08 Periodic reviews of political country risks are conducted and 
published by various specialized companies, such as Frost and Sullivan 
in their "World Political Risk Fore.:1asts" as well as by other 
organizations. For illustrative purposes only, two analyses of the 
political investment climate of developing countries that were published 
in the early 1980's are presented in Annex 7.3. It has to l::a emphasized, 
however, that country ratings change over time as a result of new 
legislation or changes in governments. Additional tools used by foreigu 
investors and lending organizations in country assessment include 
country credit ratings which are periodically published by specialized 
institutions. 

Aspects of Selecting Co1111odity-Couutry Combinations 

7.09 In the process of selecting suitable commodity-country 
combinations, aspects of geologic.al potential and political investment 
climate have to be combined with geographical conditions, country 
objectives and the economic characteristics of minerals. As discussed, 
the commodity export objective is generally limited to medium to high 
value minerals. It is also obvious that ready access to ocean transport 
gives a comparative advantage with regard to commodity export. 

7 .10 It follows that the export objective should be primarily 
pursued by coastline countries with an adequate geopotential, e.g. 
Mexico, Brazil, Peru, Argentina, Colombia, Chile, Indonesia, Thailand, 
Philippines, 1ngola, Mozambique, Zaire, etc. The most attractive target 
group of industrial minerals relative to the export objective are the 
medium to high growth, medium to high unit value commodities. This group 
comprises lithium ra, .. ·,:aterials, quartz crystals, rutile, dimension 
stone, zirconium & hatnium, chromite, asbestos, sulfur, diatomite, 
nitrates, kyanite, fluorspar, potash, silicon, iodine and rare earths. 

7.11 Another group of commodities to be taken into consideration in 
connection with the export objective are the large volume, low to medium 
value commodities for which moderate to high growth rates are forecast. 
Particularly commodities which reach IOU - maxima in the advanced stages 
of economic development, will find an export market in the 
industrialized countries. Potential target commodities include talc & 
pyrophyllite, bauxite, phosphate, kaolin, salt, and perlite. It should 
be emphasized that, in periods of oversupply of many minerals, export 
objectives can be successfully pursued only if specific comparative 
advantages exist or particular entry opportunities into markets can be 
identified. 

7.12 In all landlocked countries, such as Afghanistan, Nepal, 
Bolivia, Paraguay, Central African Republic, Burkina Faso, Mali, Niger, 
Chad, Zambia and Zimbabwe, priority must be placed on the goal of 
attaining self-sufficiency in the low value r.ommodities, e.g. cement, 
clay, stone, etc. This is particularly impo.tant for landlocked nations 
with elevated population densities, such as Burundi and Rwanda. This can 
also be valid for inland provinces of coastline nations with difficult 
access conditions and limited transport infrastructure. 
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7.13 1he import substitution objective has to be given priority 
primarily with the medium to large volume, low to medium value 
commodities, Again industrial minerals that reach IOU - maxima in early 
stages of development are important targets due to their comparatively 
higher demand growth rates in LDC'a, Principal target countries are 
those with a large population and a medium to high GNP per capita 
growth. Particular attention has to be placed on the landlocked LDC'a 
with elevated population densities, Commodities include sand & gravel, 
crushed atone, cement, clays, limestone & dolomite, silica san~, gypsum, 
salt, soda ash, sulfur, talc & pyrophyllite and feldspar, TarE:e.•; 
countries to be considered in this context are China, Brazil, Indonesia, 
Nigeria, Rep, of Korea, Mexico, Pakistan, Thailand, Egypt, PhiliH '_fies, 
Turkey, Bolivia, Zambia, Zimbabwe, Rwanda and Burundi, 

7 .14 In the least developed economies, emphasis has to be placed 
on industrial minerals that serve t.he development stimulation 
objective, Pr1me target countries are those LDC's with low per capita 
income levels and growth rates and medium to large populations, 
Principal target commodities are the high-volume, low-value industrial 
minerals with early IOU - maxima, This group of commodities ia 
comparatively simple to develop with low entry barriers for local 
entrepreneurs in terms of cap:l.tal requirements, required skill level and 
mining tradition, Target commodities are sand & gravel, crushed atone, 
common clays, limestone & dolomite, silica sand, gypsum & anhydrite, 
salt, kaolin and talc & pyrophyllite, Target countries include Ethiopia, 
Bangladesh, Mali, Nepal, Zaire, Burkina Faso, Burma, Uganda, Tanzania, 
India, Ghana, Sudan, Afghanistan and Peru. 
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VIII, CONCLUSIONS AND RECO'!IMENDATIONS 

8,01 A comparison with the other major commodity categories clearly 
confirms the leading position of industrial minerals in terms of number 
of commodities, global production volume and value of output, 

8,02 The key characteristics of the target category are diversity 
of origin and occurrence, variety of production quantity and unit value, 
and multiplicity of properties and end-uses, Industrial minerals sre 
essential for the manufacture of numerous non-durable and durable 
consumer goods as well as capital goods both in the form of material 
components and process aids, In view of their great multiplicity of uee, 
they virtually permeate every segment of a modern economy, Adequate 
availability of industrial minerals, thus, must be considered an 
important precondttion for industrialization and continued economic 
development. 

8,03 While all industrial minerals exhibit a strong positive 
relationship between per capita mineral consumption and per capita GDP, 
each commodity apparently follows its own intensity of use pattern, 
Commodities with early intenoity of use maxima include the bulk, low 
unit value construction materials such as cr11shed stone, sand & gravel 
and cement, as well as major chemical minerals like salt, soda ash and 
sulfur, Most industrial minerals, however, attain their IOU maxima in 
the more advanced stages of development representative for the 
industrialized .countries. All commodities with the exception of the 
principal fertilizer materials phosphate, potash and nitrogen, show 
clear indications of a demand saturation at high levels of per capita 
income in post-industrial economies, 

8,04 With most industrial minerals, IOU's increase moat rapidly a~ 
economies move from low-income levels to high-income levels during the 
process of accelerated industrialization. Evidence, furthermore, exists 
that in almost all mature industrialized economies the value of 
non-metallics consumed annually is much greater than that of metallics. 
A high level of industrial mineral consumption is thus indicative of an 
advanced·level of industrial maturity. While per capita consumption 
values of industrial minerals are highest in the industrialized nations, 
mineral commodities apparently decrease in importance with the 
transition of economies to the services-dominated, mature stages of 
development. From the demonstrated strong correlation between industrial 
minerals consumption and level of per capita income it follows that an 
increasing supply of this commodity subgroup is an essential 
prerequisite for the continued development process of LDC's. This 
clearly provides the justification for the introduction of promotional 
initiatives aimed at the planned development of industrial mineral 
resources in LDC 1 s. 
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8.05 The majority of industrial minerals, with the exception of the 
low value construction materials, is internationally tradeable. These 
include both the high unit val\le, low volume subgroup as well as the low 
to medium urrl.t value commodities consumed in lDrger quantities. As a 
whole, the :'.nternational industrial minerals market is clearly 
dominated by the industrialized nations both on the supply and the 
demand side, a fact that provides further evidence of the si~ificance 
of this commodity group for economic progress. 

8.06 The approach in industrial mineral project design, evaluation 
and implementation is basically comparable to that of metal minirig 
projects. Project risks and barriers to entry for local entrepreneurs or 
i.westors will, however, vary considerably with industrial mineral 
subgroups, They are, moreover, usually substantially greater in 
processinr than in mining. While project risks and barriers to entry are 
almost negligible with most construction minerals, they are highest with 
those commodities for which non-universal technologies are required, 
such as for high-grade industrial fillers, lithium minerals or 
bentonite, among others. 

8.07 Various industrial minerals are almost entirely produced in 
small scale operations, These include commodities like fluorspar, 
graphite, talc, vermiculite and pumice. Others such as feldspar, clays, 
gypsum, barite, sand & grmrel, stone, salt and asbestos have an 
important small scale component, Total investment costs for small-scale 
operati~ns extracting and processi~g these minerals will typically be in 
the rauge from 2 to 20 million U,S.$. Other industrial minerals, such as 
certain construction materials, bauxite, phosphate or st1da ash are 
prj.marily produced on a large scale. With those, typical project 
investment will fall between 100 and 500 million U.S.$ and more. 

8.08 An essential element in project design and selection is an 
appraisal of comparative advantages of LDC's with respect to the type of 
project considered, Basically, comparative advantages of LDC's can be 
expected with labor-intensive industrial mineral projects, i,e, with 
commodities extracted primarily in small-scale underground operations, 
Comparative advantages will generally be smallest in hi~hly mechanized, 
large-scale surface mines and with commodities requiring sophisti~ated 
processing operations, Particularly with commodities requiring 
non-universal processing technology, exporting crude ore will, 
therefore, frequently be the only viable alte.:native for LDC'o. 

8 .09 The planned development of the industrial minerals subsector 
in LDC's can serve several essential objectives including commodities 
export, import substitution and the objective of industrial development 
stimulation through the creation of domestic linkages, In the pursuance 
of these objectives, most LDC's have to rely on extensive outside 
assistance, a situation in which MLI's can p1Ay a significant role, 
Potential promotional initiatives of MI.I's include: (i) the provision of 
funds and technical assistance for the identification of workable 
industrial minerals deposits and for their subsequent development; (ii) 
the initiation of policy adjustments in target LDC's suitable to create 
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a policy environment conducive to mine development in general and to 
private sector involvement in industrial minerals extraction in 
particular; and (iii) the building and strengthening of the 
institutional framework in LDC's required to specifically promote mining 
activities in the industdal minerals subsector. 

8.10 A profile of aspects and recommendations to be considered in 
planning promotional initiatives appropriate to stimulate industrial 
mineral development in LDC's can be summarized as follows: 

(i) 

(ii) 

(iii) 

(iv) 

In view of the demonstrated strong correlation between per 
capita industrial mineral consumption and pe. capita income, 
MLI's should continue to expand lending operations in favor of 
this commodity category. 

For the same reason, target LDC's should be encouraged by MLI's 
to pursue an active, selective and rational policy of industrial 
minerals sector development. In many LDC's the initial step in 
program implementation has to be the execution of a nation-wide 
inventory of the geological potential of t~rget industrial 
minerals and the identification of suitable prospe-c:ts. Such 
geological inventories usually have to be financed th"ough 
bilateral or multinational assistance funds. 

This has to be accompanied by long-term concepts in resource 
management and land-use planning combined with the early 
resolution of potentially conflicting interests relative to 
land-use priorities. In particular, the reservation of adequate 
mineral lands for the extraction of low value construction 
materials close to rapidly expanding urban areas will 
increasingly become a matter of urgency in many densely 
populated LDC's. 

Promotional initiatives of NI.I's in industrial mineral sector 
development have to commence with the selection of suitable 
country-commodity combinations in accordance with aspects 
discussed in Chs,pter VII. Main factors to be considered in this 
process include expected industrial minerala demand growth, 
geological potential, political stability, quality of economic 
environment and institutional infrastructure, attractiveness of 
mining cod_e as well as the associated development objective to 
be pursued •. 

(v) Countries with a combination of a co~paratively large population 
and high per capita income growt~ rate, i.e. China, Brazil, 
Indonesia, Nigeria, Rep. of Korea, Pakistan, Thailand, Egypt, 
Philippines and Turkey, can be considered principal targets 
regarding future industrial minerals demand growth. LDC's with a 
promising geopotential include Mexico, Brazil, Bolivia, Peru, 

.Argentina, Chile, Colombia, Angola, Mozambique, Zambia, 
Zimbabwe, Indonesia, Philippines, Malaysia and Thailand, among 
others. 
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(vi) 1arget commoditiea relative to the foreign exchange earnings 
objective comprise the medium to high unit value, medium to high 
growth industrial minerals, listed in para. 7,10. Potential 
target countries are the larger coastline LDC's with low to 
moderate GNP per capita growth rates and small to medium size 
populations. They have a distinct comparative advantage in 
commodity export vis-a-vis landlocked nations while at the same 
time local demand is le w, 

(vii) Medium to large volume, low to medium value industrial minerals 
that reach early intensity of use maxima are important targets 
regarding the import substitutior. objective in view of their 
comparatively higher demand growth rates in LDC's. Countries 
with a large population and a medium to high GNP per capita 
growth rate are principal targets in this context, as well as 
all landlocked LDC's. 

(viii) In LDC's with low per capita incotnt: levels and growth rates and 
medium to large population, priority should be placed on 
commodities that best serve the domestic development objective. 
Targ~t commodities are the high-volume, low value industrial 
minerals with early IOU - maxima and low barriers to entry for 
local entrepreneurs. 

(ix) In low-income LDC's, particularly in small, landlocked countries 
with elevated population densities, initial industrial mineral 
surveys should be funded by MLI's on a grant basis. In these 
countries, priority has to be on the development of industrial 
minerals for local consumption. Fo, other LDC's, the 
esti.blishment of revolving exploration funds on a regional basis 
appears to be a suitable option. In low-income regions, initial 
funding of exploration funds should be provided by MLl's under a 
grant or soft loan arrangement, 

(x) Due to the fact that most industrial minerals are produced on a 
small scale and in view of the heterogeneity of commodities, the 
quality of the institutional infrastructure is of particular 
relevance since assistance in target sector development will 
largely require a subsectoral approach. MLl's should, therefore, 
continue to expand the capabilities of government institutions 
actiug as executing agencies through financing appropriate 
upgrading and strengthening p~~grams. In large LDC's 
consideration should be given to the establishment of a seperate 
industrial minerals unit within the geological survey or mines 
department, 

(xi) The installation of processing faciJ.ities for industrial 
minerals requiring sophisticated or non-universal technology 
will frequently necessitate the involvement of an expatriate 
partner providing the operational expertise. This will only be 
possible in LDC's with a demonstrated favorable attitude toward 
foreign investment. Where this is not the case, MLl's should use 
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their influential position to initiate policy reforms and 
adjustments adequate to create an economic and policy 
environment conducive to foreign partnership in sector 
development, Stability of contract, absence of restrictions on 
international business and a favorable tax regime are among the 
most important policy elements suitable to attract foreign 
investment, 

Where mining and processing tradition is lacking, MLI lending 
operations should initially be directed toward the development 
of construction materials that can be extracted in surface 
operations and that are comparatively simple to process, In 
addition, temporarily relaxed quality specifications of 
industrial minerals products for local consumption may be 
appropriate to facilitate the establishment, and operation of 
domestic mining capacities during infancy, 
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Annex 1. Excerpt of Tarms of Reference: Topics to be Addressed 

a. Attempt a definition and delineation of industrial minerals and examine the 
prominent characteristlcs of this subgroup as distinct from metallic and fuel 
minerals. 

b. Review and discuss current classification practices for industrial minerals, 
stating classification purpose and criteria, e.g. unit price, bulk, property 
categories, end-use categories, trading area, etc. 

c. Role of industrial minerals in economic development. Categorization by end-use 
and economic sector. Possible correlation between end-use intensity and stage 
of economic development. Importance of domestic availability of Industrial 
minerals in development process. 

d. Principal objectives of industrial minerals development in developing countries, 
e.g. import substitution, commodity export, increase in domestic conaumption, 
alime1;tation of mineral-based industries, derived national objectives of in­
vestment opportunities. 

e. Tradeability of industrial minerals, considering grade-volume-value-relation­
ships, requirements of transport infrastructure, other economic and non­
economic comparative advantages. 

f. Review of current industrial mineral world market with particular emphasis on 
the role of developing countries, by major commodity subgroups; including 
quantities produced, consumed and traded, producer-consumer relationships, 
market concentration, stability of market factors. 

g. Medium- and long-term outlook for selected industrial minerals, production 
capacities, anticipated demand growth rates, substitution possibilities, ade­
quacy of reserves, implications on future supply-demand balance, implications 
on commodity prices. 

h. Processing and marketing requirements, degree of sophistication of processing, 
degree of domestic processir:ig vs. processing abroad, associated skill and 
infrastructural requirements, capabilities of developing countries, level of 
technical expertise and experience. 

i. Selection of a limited number of industrial minerals as priority commodities for 
target identification in developing countries, based on potential of economic 
benefitc from respective resource extraction. 

j. Identification of a limited number of target countries with particular de­
velopment potential for industrial mineral production. 

'. 
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Annex 2.1. Long-Term Price Trends of Major Industrial Minerals 

Commodity A\'erage Annual Price In Constant 1983 $/st 

1965 1975 1983 

Asbestos 1/ 313.00 273.00 276.00 
Barite, Ground 7},09 69.24 70.Bl 
Clay, Common 4.32 3.09 4.25 
Kaolin 68.10 69.48 Bl.19 
Bentonite 37.70 26.55 28.30 

Diatomite 145.00 137.00 185.00 
Feldspar 25.93 30.02 31. 70 
Fluorspar 131.00 134.00 164.00 
Garnet 258.00 221.00 197.00 
Graphite, Amorphous 58.00 51.00 56.00 

Graphite, Flake 305.00 449.00 550.00 
Gypsum 10.82 7.85 7.87 
Mica, Dry Ground 139.00 111.00 118.00 
Perlite 1/ 24.BO 24.38 :::3.05 
Phosphate Rock !/ 20.77 43.46 23.97 

Potash, All Types 1/ 132.13 170.90 145.97 
Salt, Pressed Blocks 68.5~ 85.47 71.52 
Send & Gravel 2.~7 2.67 2.95 
Soda Ash, Natural 67.40 72.34 76.95 
Stone, Crushed 4.15 3.84 3.87 

Stone, Dimencion Ill.OB 120.46 12i:.06 
Sulfur 1/ 64.15 53.26 90.62 
Talc (Producer Value) 1/ 68.50 32.91 93.55 
Vermiculite 1/ - 52.00 72.00 96.00 
Zirconium, Nonmetal Y 281.00 908.00 268.00 

Y $/mt 
Source: U.S. Bureau of Mines (1985). 
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Genetic Classification of lndu3trlal Minerals 

GENETIC CLASS 

IGNEOUS 

tntrustve 

Pegmatltlc and hydrothermal 

Extrusl\'e 

SEDIMENTARY 

Claatlc 

Blogenetlc 

Chemical 

SURF'JCIALL Y ALTERED 

METAMORPHIC 

INDUSTRIAL MINERAL 

Olivine 
Chromite 
Nephellne ayenlte 
Granite 

Feldspar 
Mica 
Quartz crystal 
Lithium mlnerah1 
Beryllium minerals 
Flourspar 

Basalt end related rocks 
Pumice and ac:orla 
Perllte 

Sand end grovel 
Sandstone 
Clays 
Titanium and zirconium mln~rala 
Rare-earth minerals 
Diamonds 

Limestone 
Dlatomlte 
Phosphate rock 
Sulfur 

Barile 
Salt 
Sodium carbonate 
Sodium sulfate 
Nehcollte and dawaonlte 
Gypsum 
Pota11lum minerals 
Borates 
Celeatlte 
Nitrates 
Bromine 
Jodlne 

Vermlcullte 
Mangane,e mlneraI1 
Bauxite 
Iron oxide 
Tripoli and 1,ivacullte 
Zeolltea 

Marble 
Slate 
Aabeatoc. 
Talc 
Magnesite and magneala 
Graphite 
Corundum and emery 
Garnet 
Wollaatanlte 
Sllllmanlte minerals 
Pyrophylllte 

Source: Harben and Rates (1984). 
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ASPECT 

Bulk 
Unit value 
Place value 
Imports and exports 
Distribution 
Geology 
Processing 

GROUP 

Genetic Subdivision 

Source: Bates (1960). 
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Economic - Geologic Classification 

GROUP 1 

Large 
Low 
High 
Few 
Widespread 
Simple 
Simple 

!-INDUSTRIAL ROCKS 

Ignemrs Rocks 
Granite 
Basalt and diabaoe 
Pumice and pumicite 
Perlita 

Metamorphic Rocks 
Slate 
Marble 

Sedimentary Rocks 
Sftnd and gravel 
Sandstone 
Clay 
Limestone and dolomite 
Phosphate rock 
Gypsum 
Salt 

GROUP 2 

Small 
High 
Low 
Many 
Restricted 
Complex 
::::omplex 

2-INDUSTRIAL MINERALS 

Igeneous Minorals 
Nephellne syenlte 
Feldspar 
Mica 
Lithium minerals 
Beryl 

Vein and Replacement Minerals 
Quartz crystal 
Fluorspar 
Barite 
Magnesite 

Metamorphic Mi11Brals 
Graphite 
Asbestos 
Talc 
Vermiculite 

Sedimentary Minerals and SulflB' 
Diamond 
Diatomite 
Potash mine1·als 
Sodium minerals 
Borates 
Nitrates 
Sulfur 
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End-Use Classification of Industrial Minerals 

C:ND- USE 

Abrasives 
Ceramic Raw Materiale 
Chemical Industry 

Construction Materials 
Aggregates 

Crushed Stone 
Lightweight Aggregates 
Sand and Gravel 
Slag 

Cement and Cement Raw Materials 
Dimension and Cut Stone 
Gypsum and Anhydrite 
Insulating Materials - Thermal and Sound 
Roofing Granules 

Electronic and Optical Uses 
Fertilizer Minerals 
Filler, Filters, and Ab~orbents 
Fluxes 
Foundry Sand 

Gem Materials 
Glass RGw Materials 
Mineral Pigments 
Refractories 
Well Drilling Fluids 

Source: Lafond (1983). 
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Annex 2.5. Property Class cum End-Use Classification 

Principal Property Class 

CHEMICAL MINERALS 

PHYSICAL MINERALS 

Source: Kline (1970). 

Industrial End-Use and Typical Commodities 

Chemical Induutry: borax, bromine, salts,chemical 
grade chromite, fluorspar, ilmenite and other tit­
anium minerals, lithium minerals, phosphates, sod­
ium carbonates, sodium sulfate and sulfur; 

Fertilizer Industry: Phosphates, potash, sulfur, lime­
stone, dolomite and gypsum; 

Ceramics Industry: ball clay, bauxite, borax, re­
fractory-grade chromite, dolomite, feldspar,fire 
clay, kaolin, kyanlte, limestone, lithium salts, 
magnesite, silica, soda ash, talc, wollastonite and 
zircon; 

Metallurgical Industry: cryolite, fluorspar, burnt 
lime and limestone; 

1 
Structural Mineral!,: asbestos, cement, gypsum, 
lightweight aggregates, perllte, s<tnd and gravel, 
stone and vermiculite; 

Extender and Filler Pigments: iron oxides such as 
ochres, llrnonite, hematite, siderlte, pyrite, 
magnetite and goettiite; 

Abrasives: silica sand, corundum, emery, garnet, 
industl'ial diamonds, pumice, quartz; 

Process Aids: baryte, bentonlte, diatomite, kaolin, 
lithium minerals, perlite; 

Foundry Minerals: silica sand, zircon, olivine sand, 
chromite, staurollte; 

Industrial Gem Materials: 
sapphires; 

diamonds, rubies, 

Electronic & Optical Minerals: quartz, calcite, 
mica, apatite, fluorite, halite. 
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Annex 3.1. World Production and Comparative Rank of Mineral Comma-
ditles by Quantity, Average Unit Value and Estimated "fatal 
Value In 1983 

Industrial Minerals 
SIZE am,or/ 'IOIOL lllllJl IIOIIJCIJ()J I mEIA'1: OUT l.rLUII I UUt Of 1111111T 

CClff)OJ!Y UHi.ti .... 1111 11111 ,11 lfK I 1Hl IVSVatl I WM: I 1913 lMJO IISII II>« 
I l I 

Sard Ard ~awl 1 l,lll,111 2 7111111.t I I I 12 233",I I 
CJ111hd StaN 2'118ll.l 3 4 I II 11121,1 ' -·· Ill.Ill • 1,111.111 4 114112,1 5 71 II Gml,S 2 
Clay.s, Coaan 111111.2 7 5 II 1112,4 21 
S1hca, Jrd, S.rd UlfU,I I II " 1211., II 
Soll 151171.1 9 17 75 2111,5 14 

Phni,J'•lu II ,Ill • Ill.Ill 94111,1 II I! 71 31!1,I 12 
Gyptm , Anhydnh llll7,I II 9 " "'·' 31 
S.lplor 32151.1 II ,a S! 2575.1 16 
Patuh 211N,I 14 112 SI 2919.7 II 
tulin 11111,1 IS " H 1271,1 21 
o,.mbn StoN i15'5,S M II Ill 47 1!18.s ,. 
KllJn1111t1 11171,1 1,1 17 <l II 471,9 35 
Pmnu , hlahd Hin. 112SU t.1 18 II ,a 112.s ss 

Sod1m Catbanah I.Ill • II.Ill 17 7411,1 (bl 21 15 s, m.8 32 
llnhnlh and! fuller 11 !arlh 7111.1 I 22 II " Ul,i " Tile, So&fllON, ~opt,;1hl, ""·' I 23 II II 453.5 16 
Bu1h I 5471,1 I 25 45 " 246.1 41 
Bauuh I m,.1 I '·' 21 74 112.4 54 
rlOQnp&r I 4lll.l I 27 " 53 419.7 17 
AsbotOl I 4111.1 I 28 Ill ll 1412.5 25 
Fd4spu I 1811,1 21 <l " 155.2 .. 
Dhvtnt l 1538.1 II I 63 IS m.9 44 
11Nntll I 2211.1 lbl 12 l " " 15',2 51 
lnon I 2211,1 13 I "' .. Sll,7 II 
Sadia Sa1f1.t1 I 2151.1 14 I 73 II 157,1 51 
S1hcon I 1194.9 3G I 1163 31 I 2311.1 II 
lhatOllih I 151!.I 27 I 211 'i41 • 318.5 19 
Chr•U• I 1181,1 (bl II I 1H 01 '· 15',9 SI 
hrlill l 1117.1 l! I 13 72 I a.2 68 
Nl~hl'II S!,11nil1 I 1111.1 411 91 SS I 91.1 58 

l I I 
Zm:onh• , ldni111 111 - l.iill 12 I HI.I . <l I 12' .. , 11,2 61 
Nitutu I m.s I 411 112 II I G!.7 " t.raphih I '21.1 (c) I 44 I 112 45 • 112., 55 
KallJlflUt I 5'17.5 I 45 I 93 55 !1.1 " U:!Ric1.:.hb I 417.2 la) I 4C " 54 <l,9 " ZaalHtt I 411,1 I 47 KIA KIA KIA KIA 
S:91nib , blt,td Kin, I !CJ.I I .. Ill !1 .'1,7 " lrntnt I lSl,I ~.ii I .. 583 IC 211., 4l 
ltuhl• I 321.C (c) SI 244 II '8,1 ,1 
mca ' 25',I !1 591 ll Ill.I SI 
Wallastollit.t 151,1 54 m 4C 2.4,1 74 
Stra11ti.m 13'.!' ,., II 12 58 11,2 II 

Cora!d:n 1~ Ialry II • Ill "·' SG 221 <l 11,9 " 1:u .. 1 16,4 " 217 a 7.9 II 
llr• tulhl 36,J (c) 13 24157 H 177,3 28 
Ja,hne 12,S " 14511 16 I 111,1 .. 
Owb. Cryahl II.I " m, II I l!.I " I 
I.1th.in ,:.. ~hriah l • II 7.4 " 1m 29 I 11,l ,a 

I 
D1uord! 1 tr&atritl <I '·"' (bl 

i7 27925111 I I IIU 47 
Li•1ta111 , D:iloait, • (di I l 12 I 
tluudwim: KIA KIA I KIA KIA I KIA KIA 
St1mabh KIA "'11 I KIA KIA I HIA KIA 
Tnpoli KIA KIA I KIA KIA I KIA KIA 

I .. 
Total ibrl11 117!HII.I I I 129147,1 

I I 

(1) 11clai1111J China 11'111 Cff.'1 
111) HcldtftJ n.1na 
Cc) Hclll!u19 Dnitd St1h1 
CdJ hrurtt u, cotdahd in crmhld :itana 
Cal 11do1hrig Chu~ aid U,S,S,R, 

HIA ... n11t availablt .. 
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Annex 3.1. (continued) 

Metals and Ores 

SIZE CATmRY TIITIL ml) l'roll:Tlllt I 1\1.0Ai:E IJUT WilEI IKilE IF llffi'UT I 
C!lllllllY 11111 •II Ho, U:l 11111 all I RM< 1m 1us1,.11 ·- 198! lfflD USII ·-· ·- I 1_1 
Iron Ori I 111, IID I 441741.1 ' ll n 14161.6 I 5 I 

I I 
llmilo 11.111. m.m I '14112,2 12 2' 74 1724.1 I 22 I 

I I 
Copper I.IDD • 10,H; 5 am., 19 ma ll 11712,1 I I I 

""'-'" ,m., 21 91 55 717,1 I JI I 
Zinc 64117.1 24 411 1, ma., II 
I.Pd 1429,2 31 l7I li 1271.4 2, 
Chroait1 217D,I Cal ll 114 4! 235,l C 

Hlci<ol 11D. 1.IDD l I 665,l 41 m1 2l 2508.9 17 
11,;n,,1 ... I 2!9.9 (bl l1 m, 21 790,I 29 
Tin I 192.4 ll i mn 18 2lll,1 21 

I 
lbl~d1n,. ID· IOI 9 I IM l7 7912 22 5Dl.4 l4 
T'"'91lon I .... , lB m1 2l ~6].] JI 
Zircl)ftiua I 411,4 6D 121 411 6,1 Bl 
l'rll illOft)' I 47,4 11 lll4 JI 62,l 64 
Utnodh• I 27,9 64 QC, 21 2'5.4 42 
At11nlc I I 2',2 ldl 6'l 912 l4 21.1 n 
Colulilh• I I 21,5 (cl " 1986 28 42,7 " i 
tldlh• I I 11., " 2492 27 41,7 71 I 
Cobolt I l 11,1 68 12411 VI 197.9 46 I 

I I I 
ntrcury I I· II 4 ,.1 7l 9271 19 I l6.4 61 I 
Bi&aalh I l,I lbl 74 !172 24 I 19.4 75 I 
lhariua I 1.l 75 ll551 ll I 82.7 51 i 
S1l1ni1a I 1,l (cl 77 am 20 I 11,l " I 

I I l 
T111t1lua I I I I ••• 71 674'1 12 l l7,2 " I 
Tollurlua I 1.5 " 1984! Ill 11.5 I! I 
Borylli .. I 1,2 (dl II 392491 61 '8.1 6J I 
'9runiua I 1,1 82 1110111 4 I 90.1 I l7 I 
lndiua I 1,1 Bl 112122 ' l 

8,1 I 12 I 
i:o111 .. I I.Ill. B4 2moo B I 4.1 I " I 
Thalliia l 1,113 Bl lr.'211 II I 1,1 I " I 
Rh1niua I I.Ill " m211 l I 6.2 I B4 I 

I 1- I I I 
Tolol llorld I I 5415!1.6 I I I mo,.; I I 

I I 1_ I I I I 

11) 11cluding Olin1 
IM mluding lnilad 511111 
lcl a,cluding lhioa and U.S.S.R. 
Id! oxcluding lhina and lilllod 511111 

H/A, .. nol OY11i11i>l1 
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Annex J.1. (continued) 

Precious Minerals 

SIZE aITTl:OR't !0!1U. IIOILD PROIIJCTIDH I I lfJll!l:E UHIT \!IUJil I 1.1\LlJI OF OOTl'llT I 
CUttODIT'I IICDO at! Ho. 1sa3 um atl I !!"lC I 1913 IUSMdl I 11H: I 1983 IHIO USll I il!K I 

I I I I '--' I I I I I I 
Silwr 10- m I 12,4 I 71 I 3"KS I 11 4554.3 I 10 I 

I I I I I I 
!:old I - II 1,4 I 1S I 13'ffl9i I 2 I 19018.9 I 4 I 

I I I I I I 
P11ti1110-graup Hatala C I 2 t.2 I II I ffl4115 I 3 I 1'08.1 I 23 I 
Dimn:la, Gt:.• S. '8'11 Stana, 1.114 lb) I 88 I IVII I wq I 5000.0 (cl I 9 I 

1_1 I I I I 
Tola! llarld IU I I I I 30341.3 I I 

I I I I I I 

' 
Solid Fuel Minerals and Uranium 

SIZE aITTl:OR't i'!OTAL I IIOILD PIOIIIC!IDH I I IWIIAli! IIUT 1.1\LOII I 1.lU.11£ OF OOTl'llT I 
CUttOOJl"! moo atl Ho. 1 19e3 um atl I 11'11: I 1913 IUSl!atl I ll!K I 1983 !HID USll I i!K I 

I I I I I 1 __ 1 
Bituaift'Jut Coal and Anthracite I > 1.000.000 2 I 2922201.0 I 2 I 36 I 11 I 105514,0 ·- I I I 
Lignite I I mma.1 I 4 I 12 I 111 12156.1 I 6 I 

I I I I I I I I 
• Unniaa I 10- m I I 49.4 (bl I 59 I 11261 I II I 4014.3 I II I 
I I I --' I I I I 
I ·r,1a1 llarld I I 4804281.4 I I I 122285.0 I I 
I I I I I I I 

l1l excluding China 
lbl o:clndi~ U.S.S.R. and CPE's . 
le> estiuhd 

HIA., .not available 

Sources: U.S. Bureau of Mines (1985); U.S. Bureau of Mines (1986);Callot (1985). 



Annex 3.2. 

End-Use Class 

Abrasives 

Ceramic 
Rsw Materials 

Chemical 
Industry 
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Profile of Industrial Minerals by End-Use Classes 

Minerals and Mineral­
Derived Compounds 

industrial diamonds 
garnet 
silica sand 
diatomite 
pumice 
tripoli 
corundum l.:. emery 
glass sand & salt 

clay, silica, 
kaolin 

Major Function, Intermediate 
or End-Product 

drill bits, dies, saws, wheels 
abrasl ve paper, sandblasting grains 
pressure blasting, cutting sand 
metal polish, dental paste 
pollahlng compounds 
cleaning powders and soaps 
nonslip f/ioors, stair treads 
silicon carbide (artificial abrasive) 

skeleton formers 

I 
alumina, zirconia, other refractory fillers 
magn!lsite, olivine, 
talc, wollastonite, 
limestone, calcite 
chromite, pyrophyllite 

silica from quartz glass former & bonding agent 
sand, sandstone 

compounds of lithium, ceramic fluxes 
sodium, potassium, 
magnesium, calcium, 
boron 

boron (from borax, 
colemanite, etc.) 

bromine (from brines, 
seawater) 

flourlne (from 
flourspar) 

sodl!Jm, caustic soda, 
soda ,1sh (from salt, 
limestone) 

fluxes in metal processing & 
ceramics, constituent in glass, 
aid in glass & textile manufacture; 
gasoline additives, pharmaceuticals, 
insecticides, flame retardent; 

flame retardants, gasoline additives, 
:nsecticides, desinfectants, bleaching 
agents, photography, medicines, textiles, 
rubber; 

chemicals for refrigerants, aerosol 
propellants, fire extinguishing agents, 
dielectrics, anesthetics, medicines; 
various process aids 

glass manufacture, chemicals, pulp and 
paper, soaps & detergents, water 
treatment 

" 
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Annex 3.2. (continue~ 

End-Use Class 

Construction 
Materials 

Minerals and Mineral­
Derived Compounds 

sulfur (from brim­
stone, pyrite) 

Crushed stone: 
granite, diorite, 
basalt,diabase, 
dolomite, limestone, 
sandstone, gneiss, 
amphibolite, · 
marble, quartzit!l 

pumice, volcanic 
cinders, tuff, clay, 
shale, slate, 
vermiculite, P"rlite 

send and gravel 

cement raw materials: 
limestone, marble, marl 
shale, clay, bauxite 

building stone: 
granite, sandstone, 
limestone, marble 
slate, basalt, 
pumice, greenstone 

gypsum & anhydrite 

inst..:ating materials: 
perlite, pumice, ver­
miculite, argiilaceous 
limestone 

Major Function, Intermediate 
or End-Product 

sulfuric acid for fertilizer manufacture, 
chemicals, pigments, textilss, steel, pe­
troleum, insecticides, pulp & paper 

crushed stone aggregate for 
highway construction, residential 
and non-residential construction; 
roadbase stone, concrete aggregate, 
bituminous aggregate 

light weight aggregate, concrete and 
plaster aggr Jgate, masonry and cavity 
fill, formed products, insulation 

concrete aggregate, plaster sand, as­
phaltic concrete, concrete products, 
roadbases, fill, snow and ice control, 
railroad ballast 

general-type and specialty cement 
as concrete component for construction 

dimension and cut stone, monumental 
stone, paving, roofing slate, curbing, 
laboratory furniture, mill-stones, 
grindstones 

construction materials: 
wallboard, plaster; 
industrial use: moulding for sanitary 
ware, pottery, metal casting; cementing 
agent in well drilling; retarder in port­
land cement, container glass; agri­
cultural use: soil conditioner 

thermal and acoustic insulating 
barriers, rock wool, glass fiber, 
insulating plaster end aggregate 
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Annex :5.2. (continued) 

End-Use Class 

Electronic & 
Optical Uses 

Fertilizer 
Minerals 

Fillers, Filters 
Absorbents 

Filler Materials 

Filter Media 

Absorbents 

Fluxes 

Minerals and Mineral­
Derived Compounds 

roofing granules: 
basaltic gravels, 
diabase, nephellne 
syenlte, greenstone 

quartz crystals, 
calcite, mica 

phosphorous, potassium 
calcium, magnesium 
sulfur, boron, 
manganese, 
chlorine 

asbestos, barite, 
bentonite, diatomite 
feldspar & nepheline 
synenite, fuller's earth, 
gypsum, kaolin, lime­
stone, mica, perlite, 
cement, pumicite, pro­
phyllite, talc, tripoli, 
vermiculite 

dlatomite, asbestos, 
fuller's earth, acti­
vated bauxite 

fuller's earth, bentonite, 
montmorillonite, dia­
tomite 

sodium, potassium 
lithium, boi·on, 
flourides 

limestone, silica, 
flourspar 

Major Function, Intermediate 
or End-Product 

roof surfacing, coating asphalt shingles 

piezoelectric units, microscope 
accessories, light retardation plates, 
thermometer, oscillators 

primary, secondary and trace minerals 
for fertilizer production, plant 
nutrients 

industrial fillers for: 
floor tiles, plastics, building /l,: 
insulating compounds, r11bber, paint, 
asphalt, detergents, pesticides, pellets, 
paper, greases, adhesives, ink, drilllng 
mud, wallpaper, plasters, insecticides, 
cosmetics, textiles 

filtration of: 
water, waste effluents, coolants, 
industrial liquids, petroleum, motallur­
gical processes, drugs /l,: pharmaceuticals, 
chemic&ls, food products 

absorption of: 
oils, fats, waxes, resins, brewery 
products; carriers for: Insecticides, 
herbicides 

cleaning /l,: dugraaslng metal surfaces 
for solderingr arc welding 

metallurgical smelting operations, 
increasing s!::.g fluidity, lowering melting 
point 
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Annex 3.2. (continued) 

End-Use Class 

Foundry Sand 

Industrial Gema 

GIB811 Raw 
Materials 

Mineral 
Pigment& 

Refractories 

Well Drilling 
Fluids 

Minerals and Mineral­
Derived Compounds 

clay-free silica 
send; clay containing 
sllicon sand; zircon, 

Major Function, Intermediate 
or End-Product 

mold making and core media for 
foundry industry; 

olivin sand,chromite sand, 
stauroli te; 

diamonds, sapphire, 
ruby, topaz, quartz, 
garnet, tourmaline, 
fluorite; 

s!lica, sand, soda 
ash, limestone, 

dolomite, feldspar, 
nepheline syenite, 
fluorspar, borax, 
gypsum, berite; 

natural iron oxides: 
limonite, hematite, 
siderite, pyrite, 
magnetite; · 

clay I kaolin 

bauxite, kyenite 

quartzite 
magnesite, pericl:ase, 
chromite, dolomite 
zircon, chromite, 
graphite 

barite, bentonite, 
asbestos, fuller's earth, 
graphite, gypsum,lime-

" stone, mica, perlite, 
quartz, salt; 

drill bits, too!s, g1•indlng wheelo; 
optical instruments, bearings in 
watches, compasses, gages and 
metering devices, analytical balances; 

glass containers, pressed end 
blown glass, flat glass; 

paints & coatings: primers, rur­
fm.:ers; colouring of rubber, 
plastics, building materials; 

fire clay bricks: metallurgical 
furnaces, ceramic kilns; 
high alumina brick: 
cement & lime kilns, metellur• 
gicel furnaces; 
silica brick: steel-making; 
basic brick: steel & cement 
industry I glass; 
special refrec.tories: cruciblas, 
heat treating furnaces; 

components of muds: weighting 
materials, viscosifiers, thinning & 
dispersing agents, fluidless cont­
rol egents, hydrofracking, cake 
formation; 
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Demand Pattern of Industrial Minerals In the 
United States in 1983 

!!DI I DES!Qfl!llll OF DESJiiitiJIII OF I U,5, llilRII I DIITIIB, OF U,5, I 
Ill, I lltl!ITIJIV. lllllliAL IIUOi USES I 1983 11111 all I llilRII IH 1983 I 

__ I , ________ I I I 

I, Rabnlo, Toh! I 217 I 111,n I 
1·-·----· ···········-····-1 

- floDtillJ Prodoc:b I 45 21,7\ I 
• RablllOI Cnonl I 26 12,1\ I 
• ioaling !radach I 6 2,n I 
.. rriction Pra&.:b I 48 22.1\ 
- Rabt1\o, Cnonl Sin\ I II 4,i\ I 
• PKking ,.i l:ukah I 12 5.51 I 
- Jnaulation l 1,5\ I 
.. Paper Pro4Gcb 2 1,9\ I 
- Tntiln 1 1.5\ I 
• Colling, ,ro! Coopaorm 23 IUI I 
- Plutica 1 1.5\ I 
• Olbor 42 19.41 I 

2, 
-,--,-----1------------.,-' I 
Batite I Total 24'1 1 111,D\ I 

I -1--·-·-·-·1 
I • Oil 1ro! i;., Jrdos\riu 2112 I 96.51 I 
I - Irdtatrial Cmiull ~ l 1.5\ I 
I • Plinh 26 I 1,11 I 
I • Olbor 25 I 1.n I 

3. 
.,,..-,,--,--,,-,.-:I I I 
B&clxit1 ani Aluainal Total 414 I lH,C\ I 

1-·-·--·--1-··--·········1 
- hfnctariH I 127 I 31,71 I 
- Chnicab ard attar I 221 I 53.41 I 
.. Abr11iv11 I lo I IS.SI I 

I I J 
I 4, :~ao=-,-,-,-,ro!.,...,Ba:-,-,1:-,-, -:-------,T'"a"'h.,...1 I 319 I 111,C\ I 
I I· ··I· I 
1 .. C.rai~• 1Td ,au, I 158 I 54,2\ I 
I .. Coating and Pl.ting I 11 I 3.3\ I 
I - llojricul\ar1 I 13 I 4,2\ I 
I - Soap, aro! Dohrg,nl1 I 2B I I.Ii I 
I • Fabrica\14 111\ol !rad, I 3 I 1,11 I 
I • Olbor I 17 I 21,31 I 
1---,-----•------~,-1- I I 
I 5, I lkaai.. Tola! I 14'1 I 111,11 I 
I I 1---1 I 
I I • "2iolira Additiv11 I 39 I 2',I\ I 
I I " Sanitary Pr1ru1tior. I 1& I 1l,I\ I 
I I - fin Riltu4tnb t 45 I 31,4' I 
I I ·Olbor I 441 31,1\1 
I __ I I I I 
I 6, I Cnonl Toto! I 17133 I Ill, I\ I 
I I 1-··--1--··-·--···1 
I 1 • ha4y-Nin4 Con:rate I 42638 I '3,5\ I 
I I • C.1<ul1 !radar\ lkn, I 72ll I 11,1\ I 
I I - Olbor I 17237 I 25,71 I 
I __ I_, I I I 
I 7, I Cl<aoia To\ol I 74 I 111,1\ I 
I I 1·-····-·-···1·-··-----·1 
I I • Clnicol lnlas\ry I 56 I 75.61 I 
I I - lofrK\ary I II I 24.41 I 
I __ I I I I 

8. I Clap Ta\111 I 3494:S I 111,1\ I 
I ----·- ------1 
I - Construction 24137 il,I\ I 
I .. ltfuclarit1 2123 5,1\ I 
I • P•por !ra!iicb 3114 U\ I 
I - Iran and Shtl Prod. m l,h I 
I • Oil on4 l:u lrdostri11 1121 3,2\ I 
I - C.raic, and Glu, 615 2.1\ I 
1 .. lbarblnb 1111 3.ft I 
I • lohbor 253 1,71 I 
I • Foandry Aili 517 1.71 I 
I - Olbor 1718 5. II I __ I I 

I 
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Annex :,.:,. (continued) 

I l!Dt DESIIH\TION OF DES113\TION OF I U,S, DE!Rll I DISTIIIB, OF U,S, 
I Ill, IHIIJ5TIIIAL HlHiiAL IIUOi USES I 1993 l!DID 11\I I DE!Rll !H 1993 1 ________________ 1 I 

9, Corundia and t.ry To\11 I 2,7 I 111,11 I 
1··-············1······--········1 

• Ceruic1 and Qlu1 1 0,4 I 16,1\ I 
• Fahricale! Ht\11 Pro!, I D.2 I 6,31 I 
.. Contract Car.traction ·, 1,4 I 52,6' I 
• Tran,porhlion £¢i-nli 1,2 I B.91 I 
• Hachh•ry e.:1. elac\r, I D,2 I B,91 I 
• Oller I D,2 I 7,21 I , ______________ I I I 

ID, Di,..nd, inla,\rial Tola! I l,IID64 I IGD.11 I 
1-------1----------1 

- Hineral Sel'vicn I D,IQ048 I 75,0\ I 
- ~l,ctrical H&chirmry I l,HD04 I 6,3\ I 
• Tranoporlalion [qui!", I O,IDDD4 I 6.31 I 
• Hachirory ml, oleclr, I D,DDDD2 I 3.11 I 
• Ahruive, I D,1DDD2 I 3,11 I 
- Contract Camtrudian I O,ODDD2 I 3,1' I 
• Oller I D,IDDD2 I 3.11 I 

'--------------1 I I 
11, Diat011ih Tola! I 429 I IOD,OI I 

1··--·····-1···--··--····1 
- Filler Hedia I 265 I ll,7\ I 
- iilleu and Additiwa I 146 I 34.11 I 
• Oller I ID I 4,21 I ______ , ________ I I I 

12, Felilpu Total I 636 I IOI.DI I 
1····-·····-·-1·········----1 

- Glu1 I 372 I 59.51 I 
- Paltery I 243 I 39.21 I 
• Oller I 21 I 3,31 I 

---------------•I I I 13, Floarapar Tola! I 512 I !DD.DI I 

14, t:&n•I , 

15, 'raphi\e 

1--------1----------1 
• Clnicala I 217 I 42.41 I 
• Priury Rlm.inia Prod. I Ill l 21,51 I 
• Croda Sleal Prodcclion I 161 I 31.41 I 
- Ctruic1, l:lua, Pnltuvl 6 I 1,2\ I 
• Ollor I 19 I 3.51 I ________ ,I I I 

ToM I 24,6 I !DD.II I 
1··-···-····-1······-·-·-·-1 

.. C.raica and '1u1 I 1,7 I 3.G\ I 
• Rppli1rc11 and Equil""n\l 2.S I II.II I 
• Tranopor\alion I II.I I 45.DI I 
- Filtralion Hedil I 1,1 I 29.n I 
• Elocltonic Co,p,n•nb I 2,1 I 9.01 I 
• Ollor I 1,2 I 5,0I I 

I I I 
------,T""o1'"'a1'"':1 39 I IDD,DI I 

' - bfractories 
- tron and Steal Prod. 
- Lohricanb 
• Pen::ib 
• Bltllri11 
- Transportation 
• Ollllr 

1·-··-·········1··-·-···-··-··1 
I 23 I 58.11 I 
I 3 I 7,11 I 
I 4 I 9.31 I 
I 2 I 4,7\ I 
I 2 I 4,7\ I 
I 3 I 7.01 I 
I 41 9.311 

, I I I 
~l"'G)'!ll""""ca----:------,T-,ot'"'a!"":1 19B16 I Ill.II I 

I 1··-············1·····-···········1 
I • ;yp,1a Prc~la I 141162 I 75,11 I 
I • Cuen\ l'elu!,r I 35BB I IB.11 I 
I • llgticallare I 1189 I 6.11 I 
I • iillm and Ollllr I 179 I D,9' I 

__ I I I I 
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Annex J.J. (continued) 

I !!DI DES!Qfl!l!Jt Of DES!l:>ml!Jt OF I U,S, 11111K) I D1ST111B. Of U.S. 
I II), 1H00STR1AL H!HE1>1L m!Oi 11,IS I 1913 nm oil I DllmD !H 1913 1__ _ _______ 1, I _____ , 

17, !odi,. Tola! I 3,67 I Ill.II I 

- Cltalvs,b 
.. Food Product. 
., Phlraacsu\icab 
.. Stabilil1ra 
- Ink and Colorant. 
- Sanitary 0111 
- Phaloieaphy 
- OU1C1r 

1----------1----------------1 
I D,11 I 13.1\ I 
I 1.91 I 24,71 I 
I 1,lfl I 12,21 I 
I 1.19 I 2,11 I 
I 1,36 I 9.91 I 
I 1,16 I 23,11 I 
I l.09 I 2.11 I 
I 1,15 I 1,21 I 
I I I 

IB, _[_1"_"_·1-,-,-h-l-,t-,a-'-------T-o_la_l I 911 111,1\ I 

Hiner1l1 1-------·-·······1···-··············· 1 
- Iron and Shd 
• Hanf1rro111 Hebb 
.. lilau ard C1raic1 
- Other 

I SI I IS.II I 
I 18 I 2D,91 I 
I 14 I IS.II I 
I 9 I 11,11 I 
I I I 

19, -:L-i.,-----•-------,T'"ot'"a.,.-1 I 13518 I 111, I\ I 

- Iron ind Steal 
• Chnical 
- CoMtruction 
• idractor1, 
- tlgricultun 

1------------1--------1 
I 4891 I 36,21 I 
I 71Dl I 52.11 I 
I 109D I 8.11 I 
I 319 I 2,81 I 
I 551 1.41 I 

______ ,I I I 

"""ii:"""1 Lilhiaa Tola! I 2,1 I 111.11 I I 1--------1------1 
I • Priauy Alminioa O,? I 36,4\ I 
I .. C1t•ic1 ard lilu1 1,5 I 27,3\ I 
I • lwltiunb 1,4 I 21.5\ I 
I • Bl\bri11 O,D I 2,3\ I 
I - Olhar 1,3 I 13,11 I 

__ I I I 

I 21, I Hlsrm•i\1 Yalal 612 I lDl,11 I 
I I ----1-------1 
I I • idr&eloriH 518 I 83;1\ I 
I I - et.11ical Prodacb 1H I 17,n I 

1 __ 1·-c--------------------1 I 
I 22, I Kangaren 1otal 43 I 111,t\ I 
I I 1--------1---------1 
I I Chl1ic1b I 21 I 46.8\ I 
I l Bdhriea I 23 I 53,2' I 
I I I I I 

23, I Hica 1Sha,tl Tola! I 1.111 I m.11 I 

Hie.a (Scrap and 
Flalol 

- Uacami Tube• 
• E11c.tric.e.l, I~trial 

and &~ehald 
- Capac.itun 
- Olhar 

1--- I 
I 1,12! 2.n I 
I I 
I 1.961 96,11 I 
I 1,112 1.21 I 
I 1,118 1.91 I 
I I 

Tata! I 115 IOI.II I 
,__ --1 

• Ehctronic afli El1dri- I 3 2.4' I 
cal Irdo1tri11 I I 

- ;yp.aa llallbaard C..nl I 14 '16.51 I 
- P1inl Pigo,nl Exlandor I 1S IJ,41 I 
- !loll Dri11i1'IJ ltid I 11 9.41 I 
- Olhar I 33 21,3' I 

I I 
I~ Hi\rog,n i:..poun!o '------=-T,"'"t."'1-:1 12411 111.11 I 
I 1------------1---------------1 
I - Ferlili11n I 99l!t I ID.I\ I 
I - Plulica ard SynUatic1 I 1Z41 I 11,1\ I 
I • bploaivn I 496 I 4,1\ I 
I I - Olh,r I 744 I 6,R I 
t __ l I I I 
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Annex :5.:5. (continued) 

I !!DI I DISl-1111 or DESl-1111 or I U.S. llllRil I Dl5n1B. DF U.S. 
I I«), I IH!IJSlilAI. Hllli!U. 11\JOR USES I 1981 nm •II I llllRil IN 1961 
l_,.1..,.....,.,., ____ '.-------:-~I 1---,.,.,.-,,,..-
1 25, I Ptrlil, Tobi I 441 I IOD.11 I 
I I 1----------1-----------1 
I I - Construction I 318 I 69.1\ I 
I I - Filhr Kedia I 76 I 11,D\ I 
I I - Agricollon I 35 I 7.11 I 
I I - Dllwr I 2? I S.11 I 
1 __ 1 I I 1 
I 2&, I Plo1pha\1 lock Tobi I ll?IID I Ill.II I 
I 1 1------·-----1·--··------·---1 
I I - Fertilb1n I 1"8U I 91,1\ I 
I I - Dllwr I 1960 1 11,11 1 
! __ I 1 1 I 
1 2?, 1 l'ollSh Told I 5653 I Ill.I< I 
I I 1------1-------1 
I I - Agrica!t11re I 5341 I 94,5\ I 
I I - Clnit1h I 312 I 5,51 I 
1 __ 1 I I I 
I 28, I l'oait1 1n! l'oaicib 1obl I 513 I II0.11 1 
I I I 1-------------1---------------1 
I I I - Condradion I 548 I 95.6' I 
I I I · Abruivu I 15 I 2.8\ I 
1 1 1-Dlhcr I 91 t.&11 
1 __ 1 I 1 I I 
I 25, ~b Cr111\1I I Toi,! I IVR I IVR I 
1 I 1--------------1----------------1 
I 1-Cnltttrad~b I 1,31 .. NIA I 
I I - r, .. a l),ub I IVR I IVR I 
I I I 1 I 

31. Ru1-Elrlh Elnonhl Told I 19.& I Ill.II I 

31. 

1-------1---------1 
- hhohta C.hlyah I 12.? I &4.BI 1 
- Clu, end C.naics I 2.4 I 12.21 I 
- Hetalllll'gical I 3.9 I 19.!I l 
- ottw:r 1 0.6 I 3.11 I 

·------·--------1 I 1 
Sall 

- Chnic1ll 
- Daicing 
- P1;-r ProdGcb 
.. Food Product. 
- .icaltttr• 
- 111111 Prodoclion 
- Potroltaa 

Tola! I llll6 I Ila. II I 

52.SI 
11.21 
1.11 
5.11 
4.11 

"'' 2,31 
- T111til11 ard DviiflJ 

19225 
&251 
249 
ms 
1456 
228 
833 
IS5 
'21 

5146 

1.41 
2,11 

14.21 
- U.hr Tr11t•nl 
- Ollar 

32. Silicon 1obl 43S Ill.II 

I 1-----1-----1 
- Tnnap:ir 1ti11n I 136 I 31.3' I 
- Conshactian I 6D I U,8\ I 
- Hlchirwry I 15 I !? .31 l 
- ll1ctric1l I 18 I 4,2\ I 
• Oil and t:&t lrdastri11 I 13 I 2.9\ I 
- Applian:11 ant Eqqiiantl 21 I 4,11 I 
- Cmicab I 78 I 17 ,9\ I 
- Dllwr l 34 1 ?.91 1 

I I I 
~1"'s."'a"";,.--=c.,-.,,--,,.'"'1t-:-------,T,-,'"'b.,...l1 I &2311 Ill.II I 

1 1--------+----------1 
I · C:ltt1 I 3131 I Sl,2\ I 
1 • ctninh I 1270 I 21,4\ I 
I - Pulp an! P,p,r 1 Ill I 2.91 I 
I - lialtr Trul•nt I 2D9 I 3.3\ I 
I - Soap an! Dotug,nb I 562 I 5.11 l 
I • Onical Prcdocb I 118 I 14,11 I 

__ 1 .1 _I I 
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Annox J.J. (continued) 

l!Dt I IIISIQffll(II OI I ,. IIISIQffll(II OF I o.s. Dl!RG I OIS111B, or O,S, I 
I«>, I IIIIJS111AL Klll:IIIL I IIIIOI USES I l!ll 11111 •II I lllK'III IM 191l I 

I '-----~-'I I 1 · 
34, I So41t• Su1fat1 I Total I SH I 111.1\ I 

I I 1-··--····1···--·-·-••I 
I I .. Irdt P1P9r I 4'4 I 47,1\ I 
I I " D11t1r9111tt, I 3t5 I 41.9\ I 
I I • lilu1 I 41 I 4,1\ I 
I I • othor I H I l,R I 
I I I I I 

35. S\orm,S.rd, Cu\1111 Total I Uffl71 I 111,n I 
I 1-··----·1-·---·-1 

Store (crm. .. U I Sab\otal I ffl914 I 55,9\ I 

S1Td an! Craye, 

1--··-····-·· 1--·-··-·--1 
- Cona.lracti,n1 I lil474 I a.n I 
- Cl•nl tl!lrafac- ... , I ,ma I 5,4\ I 
• Li• Haraf1et,;.1.. I 11151 I 1.4\ I 
- Iran ard Shd Pro4, I lll51 1.i\l 
- fUhn an! Uhtdt~a I 451' I l,n I 
- l\:;titaltan I 11151 I 1,4\ I 
• ot.t.r I 5531' I 4.1\ I 

I I I 
Sabtolll I 978 I 1.n. I 

1·······--···1-·---1 
- Cr1nib Conahac\ion I 211 I I.II I 
- Curbing I 114 I I.I\ I 
- OlNr I 612 I I.I\ I 

I I I 
Sa.btohl I C16181 1 44, t\ I 

• Conltraclian 
- cau, San! 
- l'Dllrdry San! 
• filruiwa 
- ly!raqlic rrac\ariftJ 
- O\Nr 

1--·-···- ···------1 
I 5!1311 43,4\ I 
I 1511 1.i\ I 
I 11'/B 1,4\ I 
I 1114 1,1\ I 
I 911 1,11 t 
I 5-\U 1,4\ 1 

-----'-------' I 1-;:-1 Strorrlica ToW I 21.C 111.1\ I 
I 1- I 
I .. Tllavilion Pir:tm1 TWII I I 
I lilu1 I 13,2 S3,9\ I 
I ... ~hcmic Hltui1lt I 2,9 14,1\ I 
I • furih Hlgnlb I 1,1 4,11 I 
I .. Cmair:1 ard au, I 1,2 I,!\ I 
I - Pigar.\l I 1,6 3,1\ I 
I • othor I 2,7 ll,2\ 1, _____ . ________ 1:---,,=:---=.,,.... 

3', Sulfur Total I tnH 111,t\ 
I 1-----

.. A;ri~ltatt I ?ii1' I 
• Drag,anl fool Prod, I l5 I 
• Soap, D1t.tr91nl11 1tc, I 251 I 

I .. Plutic ud 51,mh. Prod., I 4'9 I 
I .. Papr PrDdccb I 2'2 1 
I .. Paint,, In:irg. Piganb I 121 I 
I .. ~tal Hining, Proc111i"9I 319 1 
I • txpb1iw1 I 21 I 
I • hlnlaa ltfini'9 I 119 I 
I • Iran 11'111 St.ocl Prod. I 94 I 
I • Stor191 Blltari11 I 51 I 
I • othor I 711 I 

71.1\ 
1.n 
2.n 
4,4\ 
2,4\ 
1.n 
2,!\ 
1,2\ 
7,5\ 
I,!\ 
1,5\ 
l,4\ I I I, ____ _ 

38, I Tile , l\l"Cl~llihl Ta\11 I 153 I 111.n 
I I 1-----1··-----I 
I I - C.rinitt I 314 I 35,2\ I 
I I - Co1•tic1 I 45 I 5,1\ I 
I I - i:uadicia.. I 15 I 1,1\ I 
I l - P1in\ I 152 I 17,R I 
I I • hpr I 73 I 1,2\ I 
I I - Plutie1 I 51 I 5,9\ I 
I I - llfraclori11 t 21 I 2,5\ I 
I I • lnafing I 95 I 11,7' I 
I I • Mblr. I ts I 2,1\ I 

I I I • othor I 17 I II.!\ I 
1_1 I I I I 
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Annex J.J. (continued) 

ITEH I DES!Gtffllotl OF I DESIGllATIOH OF I U.S. DEIRID I DISTIIIB. OF U.S. 
HO, I IHIIUSTRIAL HIHERAL HAJOR USES I 1983 UOOO •ti I DDRfll IH 1983 

__ 1 ______ , _________ 1 '------
39. Ti\ani1111 Total I 467 I 100.0\ I 

1----------------1------------------1 
- Paint, I 223 I 47,B\ I 
- Paper Product. I 124 I 26.6\ I 
- Pla,tic, and 511"lhetic I I I 

Product. I 60 I 12.8\ I 
- Robber Prodact, I Bl 1.7\I 
- Cor .. ic, and Gia,, I 5 I 1.2\ I 
- FIW<H I 5 I 1.0\ I 
- other I 42 I 8.9\ I 

---------------1 I I 40. Ueraiculite Total I 260 I 100,0\ I 

1----------------1-------------------1 
- Conotraclion I 187 I 71 .B\ I 

I - Agricalture I 65 I 25.1\ I 
I - other I 8 I 3,1\ I 

__ 1-,-_____ , _________ I I I 

41. I Zirconi1111 and Toh! I 37.61 I 100.0\ I 

I H1fni1111 1----------------1-------------------I 
I I - Iron one! Steel FoancldHI 21.i'i' I 57.9\ I 
I I - Refractories I 12.70 I 33.8\ l 
I l - Cor .. ic& and ci... I 2.72 I 7.2\ I 
l I - Abmiue, I HIA I HIA I 
I I • Che•icala I 0.36 I 1.0\ l 
l I - lbcloar Rctclora I D,03 I 0,1\ I 

I I I - other I 0,02 l 0.1\ l 
I __ I I I I l 

Source: U.S. Bureau of Mines (1965). 
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Correlation between per Capita Mineral Consumption 
and per Capita GDP 
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· Annex 3.4, (continued) 
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Annex 3.4. (continued) 

••• 
• 

••• 
• 

••• • • ...... lhh • • • • • • •• ,.,.., . 
• • • • I • • • •• • rtau,.,111' 

• .............. 
••• Tai• I Pvr-,hylllt.• 

••• 
• 

GP ,. .. C.,lt.a t• I- WI 

••• 
••• 
• 

••• -----••• , ....... 
• ••• 
• • •• • • .... ... • • • •• • • • •• • flllPl 1'-
I , .. • • , .. . ............. 

Ttt.1111tua 

••• 
•· •••••••••• •It ••• lld•IM a.• .. :,: 

• .. 
~~~~ - t,ff r.t,.Ua Is 1ml I.El 
.., 



· Annex 3.4. (continued) 

1,1 

1,1 

1,1 

1,4 

1,1 

• 1,1 

I I, I 

• • • • •• • • • •• • I 1,1 • • • •• 
••• 
••• 
1,1 

1,1 

•• 
I • 

1,1 

• 
" • • • 
• 1,1 

• • I 

' • 
1,1 

I 

• 72 -

0 o• .. IO O 0 

.................... . .. 
.·····.·: ................. . . ·•···· . •···· .... ..··· ..... 

• 14 

C:ZP ptr Caplh :" 1811 Ult 

..... 
Vn•teullh 

lnaln• 

. ............• 
"' .. 

IIHHIIJB I H1fnlU11 

--.. ...... 



- 73 -

Annex 4.1. Average Unit Value end Typical Price Range of 
Industrial Minerals 

CATWV IF llUT I I\UERAGE llUT \KUE TYPlctL PRICE 
COHlllTV Ul'LlE IUSl/111 I 19BJ IUSlt1tl IWl:E 19BJ IUSll1tl 

I 
Dia .. nda 1 lnduatrial I !I.Ill, Ill I 27'1~m smm • 499DIDDD 

I 
Rare Eartha I ILtlt I 24157 ms • 44000 
Iodine I moo UIDI • ISDID 

I 
Llthiu1 Row llatariah I l,IIQ I 1771 218 • J26J 
!Nartz Cr)lltal I IJ67 817 • 5750 
SIiicon I 1163 HI· 1425 

l 
Broainn I 11D I 58J 571 • m 
Hie, I S9D lK • 600 
AlbntOI I m 219 • 2466 
Baron 277 280 • m 
Rutilt 2« JOI • 425 
Corunduo and !'.llry 220 21a • m 
&arn1t 217 12D • m 
Diat01it1 2D4 47J • 54Q 
6rfl:Mhi 182 56 • 129D 
11',llntanita 160 m. 190 
Ston,, Di•n•ion m 120 • 140 
l.ircM1iua & Hafniua 126 144 • 185 
Chr;;il1 114 40 • UJ 
Potalh 112 Ill • 1« 
Hltratn 112 98 • 180 
Kl"nita & Rllatad ftin, 114 70 • 1J7 

Flounpor I 11 97 69 • 198 
Uu1lculi ta 76 8J • 198 
llanglnllO 9J 14 • 241 
Hlphalin, Sy,nito 90 22 •• m 
Sodiuo Corbonoto 85 14 • m 
Strontiu1 82 12 • 128 
Sulphur 78 62 • !40 
Sodi,a Su1f1t1 7J 7D • ff 
Co•nt I 71 41 • " ll•nlto I 69 JI • 162 
Talc, So1j11tono1 Fyrophylllto l 68 J4 • 248 
Kaolin I 67 JB • 165 
DIMno I 6) IS • 11D 
llarilo I 45 H • IBD 
F1ld1par 42 JI • 14) 
llagnnito 42 BJ • ~; 
e.ntcnlto and Fuller'• Earth 41 J2 • 143 
l't~1ph1t11 J9 26 • 5D 
Porlita JJ JJ • 69 
S.udto 2, 7 • 174 
S.lt 17 I 5 • 24 
Si Ilea, Ind, Sond 1J I ID • 1J 
Puoico I 11,Jatod r.in, 10 I 6 • JD 

I 
£)op, .. & lklhj,lrit• I 1 9 I e • 11 
CIO)'I, C.-, ' I 2 • 7 
Stono I l:fUlhed 4 I J • ~ 
Sond and ..... 1 J I 2 • 4 
Lia1tono ~ Do101it1 J I J • 4 

I 
Sources: U.S. Bureau of Mines (1985); Cellot (1985); Inciustrlel Minerals 

(January, August, Decemb0r 1983), 
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Commodity 

Barytes 

Bantonite 

Chrome Ore 

Fluorspar 

Gypsum 
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Survey of Freight Rates for Industrial Mineral 
S.hipments Reported for 1986 

From/To Gluantity (tons) 

Madras/U.S. Guh' 25 000 
Casablanca/ Aberd,!,en )/6 000 
Shanghal/U,S, Gulf 30 000 

Milos Is,/Seven Islana's 25 000 

Ric!lards Bay/USEC 10 000 

Aviles/New Orleans 15 000 
Mombasa/Rotterdam 5 000 

Spain/Puerto Rico 20 000 

1\11ineral Sands Sri Lanka/New Orleans 10 000 

Phosphate Tampa/ Japan 25.000 
Tampa/W, Australia 29 QOO 

Potash Aqaba/Taiwan 15 000 
Vancou\er/Puerto Cabello 25 000 

Pumice Vall/Annaba 5 000 

Salt Cedros Is./Nicaragua 25 ODO 
Shar.k Bay/Penang 10 000 

Sulphur Galveston/Tunisia 30 000 
Poland/India 20 OOQ 
Vancouver/Safi 15 000 

Source: Industrial Minerals (January, March, July 1986), 

Freight Rate ($/ton) 

12.-
9.-

12.-

5.-

12,-

7.-
25.-

5.-

16.-

18.-
16,-

11.-
14,25 

8.-

5.-
11,50 

10.-
20,50 
12.-
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Annex 4.3 a. Share and C,amparatlve Rank of the First Country, 
the First Three and the First Five Countries 
in World Production of. Industrial Minerals 

I tt..lr of I PrNWl,:Uon of Shatt 1ft I Prtd. 1f lirtl 9'1tt In I Prod. of firll 
I lbrld P10<NC1h1n Produclnt I C:...,lry II,, I '"·"- I l C-lrln llorld !'rt· I S CMtrl11 

C-dlly 1111 11111 ,II C:...,lrln I IIIJ IIHI 111 Mti111I ..,. 1 lffl um 111 MIIOI t llri I lffl 11111 ,11 _, _1 
Milr1t11 122.! I I 122.! 111.• I 122.f 111,Q I I '22.1 
Siktha Carbonate 1411,1 l I ll',l,I ,,,,. 2 7411.1 111 •• II mu 
Iodine 12,I I I 1,l '"'' II 11,2 "·" 1 I 12.I 
,un1t 11.4 " 21,1 14,Jt l M,4 14,ll I I l6,I 
U11t1lculilt 441,2 6 I ffl,I 11,21 ' 426,l ,,.,, 2 I 441.! e,,., 2211,1 " 1112.1 fJ,il II 2"4,1 '2.11 4 I 2112.1 
llollulonitt 111,1 12 I 11,1 "·" ' 121,1 QI.It ll I 141,1 
lithiua Rau n.t1ri11t 1,1 II I 1., 11,11 4 1,7 11,11 II I.I 
Broni111 lll,I II Ill.I 41,11 11 111,7 11,Q 9 I 146,7 
il.1li11 l21,1 I 111.4 11,11 II 211,2 11,11 I I lll,1 
Zirconh,a & Hlfniua 141,6 II l!!,I ff,21 I w., 11,11 11 I m.1, 
Rm Eartha l6,I II 1',I "·· V ll,I 11,!t II 14.11 
Diuond1, lndu1tri1l 1,117 II I.Ill "·" II MIi 1',21 II I 1,117 

I 
Scdlua Sulf111 2111.1 II 414,1 21,11 " 1211.! "·" 21 I 2112.1 
Strontiua ll6,I 11 JI.I 21,lt ll Ill.I II.Ill II 121.2 
Pulill 1111.1 II (II.I 12.11 2S 121,1 11.1, 21 IIBl.1 
fth:1 lSl,I II 121,1 41,11 I! 21s.l 11,lt 12 221.1 
Albutoa 4111.1 21 ffll.l !J,Bl ' ll21.1 ;"'!I," 14 1141.7 
Plltaah 21611.1 12 1111,1 l!,11 22 1.fflfi,I 11.~ II 22151,1 
Puaict I Rlhted 11in, 112'4,I > I 1111,1 11,!t II .•. , 11,lt .. .. ,,is., 
iug .... 171,! u m., 11,!t 21 l61,7 14,11 2S u,., 
Carundua and &try 71,1 >I "·' 0,2' II '4,1 11,41 22 14,1 
Btntonilt tnd Fulbr'a Earlh 1181.1 21 00,1 11,11 ! !JIU "·· 17 !Ill.I 
Ci1ro1il1 for Hon--l•l Ult 1111.1 211 441,1 ll,11 2' I tM.~ n.11 II 1112.1 
tt'.y.anltt & Rllatad nin. )12,1 > 11 I 117,1 n.n 11 I 241,l 11,11 2, 21'2,l 

I I 
Pho,pl\llu 14111,1 HI 21111,1 ll,21 21 I 121!1,I "·" 24 ' 1'116,1 
Di•uion StDnt 1111',I > ll HII.I 11,11 12 I Al!J,I 11,41 211 1111.1 
ll•nitl 2211,1 ll !ll,7 1,,71 ll 1 12n.1 11,21 JI I 17!1,l 
Sulphur 12111,1 II 1111.1 24,11 l2 I 1'111,1 11,11 28 I 25]~6., 
Btudl1 for tmn--1•1 Isl 1217,1 22 mu 12,11 24 I 117!,I "·" 21 I Jl!B.4 
lll91Hilt lll71,1 21 2211,1 11,lt II I 1111,1 !J,21 lJ I "4"·' r.ao1in 11111,1 !I llM,2 ll,4' 211 11176.2 11,!t UI ll~2.2 
"ephit:, 121.1 II m.1 ff.ft 2' I Ml.I !4 •• l2 I (l!,I 
Di1h111it1 !Ill.I > II 111.6 l7,II 211 Ill.I 11;n ll I ltl4,7 
F1IDp1r lilt.I ,, lli,I 11,61 ff I 1112,1 41.41 '" 2111,2 
Talc, Soap1tona, Pyrophyllitl 1441,1 l5 1111., 17,ll 41 I mu ,w ,Ill l6 I 411J8,7 
Fl~tlplr 4221.1 21 111,1 U,4' 411 am., Q,Jt Joi I 2177,6 

I I 
C""'1,d s,,.. 21lNll,1 > Ill 11211',I 21.n ll I 12l6!1l.6 o.ri ff I mms., 
tilieon lff4,I ll a;., 21,81 MI A7.l 44,!t l7 I lll9,4 
Bari It WI.I " 1111,1 11,lt lf I 22M.I 41,lt ll I 21111., 
Soll 111111,1 I! lll64.I 11,!t l7 I ll4ll.1 lf,41 41 I 12116.4 
W';p9Ma & IWl)ldri t1 11!!7.I 

> " 
11112,1 14,11 42 I 21417.l l2,!t GI l6ll7,I r..,, U.822,1 > II 12711!,2 14 •• 4l I ll'612,0 14,11 41 I am,., 

Cl¥, Cnanl llllll,2 >II !llll,1 ll,Jq 44 I ll!Ml,7 a.• 01 111151.1 
Si1ic1, Ind, Send 111441,1 > l! 21"7,I ll,11 41 I "™·' 11,11 44 I 41114,1 
Sllld 6tld ;r,wl 1111111,1 

> " 
fflll7',I 7,!t 41. I ffllll,I ll,lt oil I 12Slll8.9 1 __ 

I 

Sources: U.S. Bureau of Mines (1985); Callot (1985). 

Share in 
llorld Pro-
dudlo, t 11.ri. 

.-111,lt I 
111,11 I 

"·" 2 

"·" I 
ff,2t 4 
'9,2t ' 18,11 6 
18,lt 1 

"·" I 

"·" I ,,.,, ID 
.ff.7' II 

ff ,7'1 12 
I 

94.51 ll I 
11,61 14 I 
ID.II I! I 
ee.21 16 I 
17,11 17 I 

"·" IB I 
15,41 19 I 
81,'1 21 I 
11,lt 21 I 
11.21 22 I 
82.11 21 I 
8!.11 24 I 

I 

"·" 2! I 

"·" 26 I 

"·" 27 I 

"·" 29 I 
11,61 2' I 

"·" JI I 
II.It ll I 

"·" 12 I 

"·" ll I 

"·" " I 
6',21 i; I 
ii.It l6 I 

I 

"·" " I 
17,11 ll I 
12.11 JI ' 11,Q 41 I 

"'·"' 41 I 
45,91 a I 
41.ll 4l I 
22,11 44 I 
17.!t 45 I 
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. Nitrate, 

Sodium Carbonate, naturol 
odlne 

Garr.Jt 

Vermiculite 

Boran 
Wollustonlta 

l.lthlum Raw Material, 

Bromine 

Rutlle 

Zlrcorilum & Hafnium 

Rare Earths 

Dlamond1, Industrial 

Sodium Sulfate, natural 

Strontium 

Perllte 

Mica 

Asbestos 

Potash 

Pumice & Related Min • 

MangDne1n 

Corundum and Emery 

Bentonlta and F"ulla~, Earth 

Chromite for non-metal uae 

Kyanlta & Related Min, 

Pho1pate1 

Dlmemlon Stone 

Ilmenite 

Sulphur 

Bauxite for non-metal usa 

Magnesite 

Kaolin 

Graphite 

Dlatomlta 

F"eld1par 

Talc, Soap,tone, Pyrophy!llte 

F"luorspar 

Crushed Stolle 

Silicon 
Barlte 

Salt 

Gypsum & Ant;ydrlte 

Cement 
Clays, Cammon 
Slllca, Ind, Sand 

Sand and Gravel 

a.1 

I 
e; 
F' 

-u, :::, ::r 
C. QI 

5i ~ .. 
:?. 0 
QI ..... 
~· r.-
:S: r{ 
:r ..,.. 
ctl -· ., .., 
D> en ·- .. 
~~. n 
!§ 
\D .. 
CD .., 
"''< ~ .. 

::r 
a, .,, 
~· .. 
-I 
::r 

m 
QI a .. 
::r 
a, .,, 
~· ... .,, 
:::· 
a, 

Q 
C 
:, ... 
::!. 
~ 
:i' 
:,: 
ti 
Cl. 

l 
C 
r, 
i:r. 
0 
:, 
0 ... 

-



I 
~ 

COMMODITY 

ASBESTOS 

BARlTES 

Annex 4.4. Major Producers of Industrial Minerals 

PROOUCER 

African Chrysotlle Asbestos ,_,d., South Africa 
Anglo-Dutch Exploration & Mining Co. (Ply) Ltd., South Africa 
Asi.".?stos Corporation Ltd., Canada 
Asbestos Corporation GMBH, W. G~rmeny 
Ce1a1.era!: Asbestons Ltd., CA, U.S.A. 
Carey Canada Inc., '":anode 
Cossiar Mining Corporation, Canada 
Chrysotile Corporation of Australia Pty. Ltd., Australia 
The Griq,.raland E~ploration & Finance Co., Ltd., South Africa 
Havelock Asbeat0$ Mines Ltd., Swaziland 
J.M. Asbestos Inc., Cansda 
Jaquays Mining Corporation, AZ, U.S.A. 
Lac D'Amiente Ou Quebec, Ltee., Canada 
Les Mines o~Amiante Bell, Ltee., Canada 
Powheten Mining Company, N.C., U.S.A. 
~::1bar.ie & Mashabe Mines (Pvt) Ltd., Zimbabwe 
Tetico Tekhlk Ticare, Turkey 
Vermont Asbestos Group, Inc., VT, U.S.A. 

Allied Flourlde Ltd., Er.gland 
Bermlne S.A., Peru 
C.E. Giulini (Derbyshire) Ltd., C£., England 
c~ Jndu:s~rles, Inc., CA, U.S.A. 
Cia.CAinera "Gabacho", Chile 
Cyprus Industrial Minerals Co., GA, U.S.A. 
Cyprus Thompson Woinmen Co., GA, U.S.A. 
D£u111che Baryt-lnrlustrle ([;:. Alberti & Cc.), Weal Germany 
Dowe Mining Co., Ltd., Japan 
Extender MlnG:ral:s of Canada, Cen3.da 
Falcon Minerals, Inc., Phllippines 
Ferrltes Magnetices S.A...Fennag, Bn-zll 
FMC Corp., lndustriel Chemlcel Group, NV, U.S.A. 
IMCO Services, NV, U.S.A. 
Magc<>ber Ireland Ltd., Ireland 
Megcobar Minerals Div. ~m"~ TX, U.S.A. 
Mitchem Jnc:orpoi•ated, TX, U.S.A. 
Mineral Mining Co."1J. (1965) Ltd., ':'"mya 
Minerarla sm~ S p.A., Italy 
Mon~e Bar!t11_11 Co. Inc., MT, U.S.A. 
Montana Eiarlte C:i;., Inc. MT, U.S.Ae 
Moooutn Minerals Co. Ltd., Canada 
New Riverrlde Ochre Com~y, GA, U.S.A. 
NL lndustrl .. , Inc. (Berold Division), Peru 
Ourk-Maiionlng Co., IL, U.S.A. 
P&S Barite Mining Co. Ltd., Thalland· 
Tha Paga Mining Company, GA, U.S.A. 
Perubar S .. A., Peru 
Pfizer, Inc .. Minerals Pigmer:ts & Metals DI\"., CT, U.S.A. 
Proussag AG Metall, West Germany 
SUt:er & Baryte Ores Mining Co., Greece 
Soclete Des Produits Chim: ,,:es De Vlt;Jez S.A., France 

COMMODITY PRODUCER 

The Standard Sieg Co., NV, U.S.A. 
Yukon Barile Company Ltd., Canada 

BAUXITE & A.P. Green Refractories, AL, U.S.A. 
ALUMINUM ORES Alcan Jnm.;;ica Company, Jamaica 

Alcoa Exploration Co., Oomtnic,,n Republic 
J:..lcoa of Australia Ltd., AustraJia 
Alumina Partners of .Jamaica (ALPART), .Jamaica 
Alumlnum Co. of Amertc.1, AR, U.S.A. 
Aluminum Pechiney, France 
Americen Cyanamid Co. Ind. Chem. Dk., AR, U.S.A. 
Bauxites Dlstomon, Greece 
Bauxites Pamasse Mining Co.J Greece 
Bharat Aluminium Company Ltd., (BALCO), Indio 
Comelco Aluminium Ltd., Australia 
Compegnie Des Bauxites De Guinee, Giunee 
Delfi Bauxite, Greece 
E.I. Du Pont De Nemours & Co., Inc., FL, U.S.A. 
Eleusis Bauxite Mines Miningi Indu,trlal & Inc., Greece 
Etlbank Genet Mudurlugu, Turkey 
FRJGUIA, Guinea 
Ghana Bauxite Co. Ltd, Ghana 
Greek Helicro Bauxites G.L., Barios S.A., Greece 
Guyana Mining Enterprise Ltd. (GUVMINE), GyanO 
Harbison-Walker Refractories, DI\·. Dresser Ind., AL, U.S.A. 
Hindu:stan Aluminium Corp. Ltd., India 
Hume & Mllia Companie de Aluminio de S.A.M.I.C., Argenti,;"' 
Indian Aluminium Company, Ltd., India 
Iron Mot.lntaln Mines, Inc., CA, U.S.A. 
Jamaica Reynolds Bauxite Fartners, Jamaica 
Johore Mining & St0vedorlng Co. Ltd., Malaysia 
Kah1er Jamaica Bau:dte Co., Jamalca 
Maharashtra Minerals Corp., Ltd., India 
M!nerocao Rio do Norte S.A., Brazil 
Minerals & Minerals Ltd., lndla 
Nabalco Pty, Ltd., Australia 
National Aluminum Company Ltd. (NALCO), Indlu 
NV Billiton Maatschapp)j Suriname, Surinam ??? 
Of flees de Bauxites de Kindla, Debele Mine, Giunea 
P .. T. Aneko Tambang, Indonesia 
Reynolds Jamaica Mt··~,s Ltd., Jamaica 
S.A. des Bauxites et Aiumines De pro-.ence, France 
S.A.V.A. S.P.A~ Italy 
.5/ A Mlnc:-acao Da Tindcde (Samltrl), Brazil 
Somiga, Societe Mlnlere et de Partlcipstions Guinea, Rep. of 
Guinea 
Suriname Aluminurh Co., Suii,,\.Sr.1 
Swiss Aluminum Ltd. (Alusui~), Switzerland 
Wilson-Snead Mining Company, AL, U.S.A. 

I _, ..., 

Iii 



··~· 

Annex 4.4. (continued) 

COMMOOITY 

BENTONJTE 

ll(!RATE 

BROMll'E 

C."LCIUM 
CAR.BONA TE 

CiROMITE& 
QiRCJM11.N ORES 

DII\MOIIOS & 
GEMSTONES 

PRODUCER 

Athi Rker Mining Ltd., K~,1,ye 
Benguet Exploration lnc.1 PhUJpplnes 
Cl!dgen RZ Ltd., Australia 
Falcon Minerals Inc., Phlllpplnes 
lntemstionel Mineral & Chemical Corp., NV, U.S.A. 
tran Baril~ Co., Iran 
Sil\ er end Beryle Ores Mining Co., Greece 

Etlbank, Turkey 
Rio T(nlo·Zlnc Corp. p.c, England 
U:'llted States Borax a Chemical Corp., NV, U.S.A. 

Gre1:1t Lai:es Chemical Corp., U.S.A. 
Ethyl Corporation Comp., U.S.A. 
Dow C~micol Comp., U.S.A. 
Dead Sea Bromine Co. Ltd., Israel 
Associated Octet Co. Ltd., U.K. 

Pluess Staufer A.G., Switzerland 
Omya GmbH, W. t:;ermany 
A/S Kelkbrud, C.·enmark 
Blanca Mlnereux de Paris, France 

Acoje Mining Co., Inc., l'hlllpplnos 
Botlhako Mining Ltd., South Africa 
Benguet Corporation, PhJllppines 
Calmlnea S.A., Caledonta 
Cam-Meta Mineral,, Inc., Phlllpp1nes 
Cromore Ltd., South Africa 

·( 

Etlbank C!anel Muclurlugu, Turkoy 
Flnenclol-Mlnlng-indt.,trlel ar.d Shipping Corp., Gn,ece 
G. Lluch & S..n., Inc., Philippines 
Hellenic Mining Company, Ltd., Cyprus 
Henry Gould (Pty.), Ltd., South Africa 
lngeasana HIIJ1 Mines, SUdan 
Kraomlta Melag .. y O<RAOMA), Malaguy Republic 
Lavina South Africa Pty Ltd.,, South Africa 
Mills.'!111 Creme Mines Pty. Ltd., South Africa 
Outokumpu Oy, Finland 
?ak11tan Chrome Mines, Ltd., Pakistan 
Rhodesia Chrome Mines Ltd.t England 
Sherwood Chrome Mina::, South Africa 
Transvaal Mining & Finance Co. Ltd., South Africa 
Wlnterveld Chrome Mine• Ltd., Soeth Africa 

Angola Dicmond Co., Angola 
Brazil Diamante Ltd., South Africa 
Buffelsbsnk Diamante Ltd., South Africa 
COM Ltd., s.w. Africa, Namibia 
De Been Botawena Mining Co., Botswana 
De &era Conaolldeted Mines Limited. South Africa 

COMMODITY 

DIATOMITE 

FELDSPAR 

FLUORSPAR 

PRODUCER 

Do Beers Lesotho Minlng Comp. Limited, Lesotho 
Oominton Mining NL, Australia 
Ghana ConsU1dated Diamonds Ltd., Ghana 
Idaho Garnet Abrasi\'B Co., Idaho, U.S.A. 
Minerocao Tejucano S.A., Brazil 
NrJtlonaJ Diamond Mining Co., Sierra Leone 
Nail~i-:!:!'I Mineral 0.-,,\'elopment Corp., Ltd., India 
New Alomeal Ltd., Tanzanta 
Pakistan Mineral Oe\'elopment Corp. Ltd.1 Pakistan 
Premier Diamond Mining Co. Ltd., South Africa 
S.A. De Recherches et D'Exploltstlons Mlnlem En Cote 
O'l\'oire, kory Coast 
Soc. Mlnlere DE Bskwsnga, Zaire 
Stole Gold Mining Corp. Ghane 
Wllllams'Jn Diamonds Ltd., Tanzania 

Man\·llle Corp., U.S.A. 
General Refractories Co., U.S.A. 
Cyprus Dlatomite Co., U.S.A. 
Carbonisation et Cherbons Actlfa, France 
Canak Moler Jndustri A/S, Denmark 

Amberger Kaollnwerke GmbH., Weat Germany 
Bellamar Enterprise,, Phlllpplnes 
Cle. Miners Agregados Calcareos S.A.1 Peru 
The Feldaper Corporation, NC, U.S.A. 
Induatrlal Mineral Products, Inc., WA, U.S.A. 
lntematlonal Minerals & Chemical Corp., NC, U.S.A. 
Kings Mountain Mica Co., Inc., l\'C, U.S.A. · 
Lithium Corporation of Amerlce, NC, U.S.A. 
Lohja Corporation, Finland 
Materlas Primas Mlneralea de Ahuazotepec, S.A., Mexico 
Mlndeco Small Mines Ltd., Zambia 
Mineral Mining Corp., Ltd., K'fnys 
Mlnerla DI Fragne S.p.A., Italy 
Pegmln Ltd., South Africa 

Allied Fluoride Ltd., England 
C.E.Glullnl Ltd., England 
Caeh Industries, Inc., CA, U.S.A. 
Componla Miners Rio Colorado, S.A., Mexico 
Denaln•Anzln Mlneraux SA., France 
Fluorite de Rto Verde, S.A. Mexico 
J. Irving Crowell, Jr. & Son, NV, U.S.A. 
Kenya Fluonpsr Co. Ltd., Kenya 
Marica Fluonpar Ltd., South Africa 
Mindeco Sm!!ll Mines Ltd., Zambia 
Miners Del Norte S.A., Mexico 
Miners San Francisco del Oro, S.A. de C.V., Mexico 
Mlneracao Noaae Senhora do Carma Ltda., Brazil 
Mlnerla Slltus Sp.A., ltaly 
Ozork-Mehcnlng Co., IL, U.S.A. 
Reynolds Metals Ca., TX, U.S.A. 
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Annex 4.4. (continued) 

::OMMODITY 

FULLERS EAR7H, 
KAOLIN & CLAYS 

PRODUCER 

RQberts Mining Co., MT, U.S.A. 
Sachtleben Bergbau GmbH., West Germany 
Soc. d'Enterprises, Cerriercs et Mines de l'Esterel, France 
Societe Anonyme D'Enterprlses Mini0res, Morocco 
Societe lndustrielle Du Centre, France 
Societe Tunlsienne D'Expansion Minlere, Tunisia 
Tonto Mining & Milling Co., Inc., AZ, U.S.A. 
Trens\'Sel Minig & Finance Co., Ltd., South Africa 

Comelco Aluminium Limited, A:..istralia 
A.P. Green Refractories, GA, U.S.A. 
AFC Corporation, OH, U.S.A. 
Amberger Kealinwerke G.b.H, Wost Germany 
American Colloid Company, MS, U.S.A. 
American Jrdustrlel Cle:; Company, GA, U.S.A. 
Anglo-American Cloys Cori'Qretlon, GA, U.S.A. 
ArciUas Tratedas S.A., Ma:dco 
Bahcock & Wilcox Company Refractories 01\'lsion, GA, U.S.A. 
Bellemer Enterprhi:as1 Phllipp1nes 
Benton Clsy Compsr.:y I WY I U.S.A. 
Beryl Ores .=-01npeny, lr.r:., CO, U.S.A. 
Blence Nieves S.A., Mexico 
CauUm de Amazonia S.A., Brazil 
Cie. Mlnsra Agreg:Jdos Celcarero S.A., Peru 
C;p,-u3 Industrial Minerals Co., TN, U.S.A. 
Dixie Clay Compsny, SC, U.S.A. 
E.C.C. Ball Clays Ltd., England 
Eduard Kick, Kaol111 und Quer~oodwerke, Weat Germany 
Emprese Do Refractarloa Colomblenos, S.A., Colomb1a 
Engelhard Mineral• & C~0mlcals Corp., GA, U.S.A. 
EngUlh Cleya Lovering Poch1n l! Co., Ltd., England 
Evana Clay Co., GA, U.S.A. 
Federal Ore & Chemlc111is, Inc., WV, U.S.A. 
The Feldspar Corporation, FL, U.S.A. 
Freeport Kaolin Co., GA, U.S.A. 
General Refractories Co., UT, U.S.A. 
Georgia Kaolin Company, GA, U.S~A. 
Harbison-Walker Refre,ctorles, Ol\·. Dreuer Indu!!trles, Inc., 
MO, U.S.A. 
i.'ldustrial Mineral Products, Inc., WA, U.S.A. 
lnternatlonal Mlnersls & Chem1cel Cnrporation, WY, U.S.A. 
J. M. Huber Corp., SC, U.S.A. 
Jay Johnson Kaolin Corp., UT, U.S.A~ 
Kaycee Benton1te Corp., WY, U.S.A. 
Kentucky•Tenne-...3ee Clay Co., KY, U.S.A. 
Llmoln Clay Products CompAny, CA, U.S.A. 
Magcobar Minerals Div., Dresser Industries, Inc., WY, U.S.A. 
Miners Del Norte, S.A.1 Mexico 
NL Industries, Inc., Canada 
Net-d Resources Corp., GA, U.S.A. 

COMMODITY 

GRAPHITE 

GYPSUM 

ILMENITE 

PRODUCER 

North American Refractories, Western DMsion, CA, U.S.A. 
Nuo\:a Sanac, S.p.A., Italy 
Oil-dri Corporation of America, MS, U.S.A. 
Old Hickory Clay Company, TN, U.S.A. 
Silver & Beryte Ores Mining Co., Greece 
Societe lndustrielle Ou Centre, France 
Southeastern Clay Co., SC, U.S.A. 
Southern Clay Products, Inc., TX, U.S.A. 
The Standard Slag Co., CA, U.S.A. 
Stauffe!' Chemical Co., AR, U.S.A. 
Thiele Kaolin Co., GA, U.S.A. 
Wilson-Snead Mining Company, Inc., AL, U.S.A. 
Wyo .. Ben Inc., WY, U.S.A. 

Grefltos Mexicanos SA, Mexico 
Graphitbergbau Kalseraberg Franz 
Moyer-Melnhof & Co., Austria 
Grephitewerk KrapfmOht A.G., W. Germany 
State Graphite Corp., Sri Lenka 
Et.elate Mlniere de Is Granda Ile, Malagasy Rep. 
A/S Slr:-'l'and Grefitwerk, Norway 

A Saeed Baesher, Sudan 
All Elsa Mu!la, Sudan 
Bellamat" Enterprises, Phllllp1ms 
Canadian Gypsum Co., Ltd., Canada 
Cle. Miners Agregadoa Celcareos S.A., Peru 
El Seed Co. for Exploration end Mining, Sudan 
Fundy Gypsum Co., Ltd., Canada 
Georgis-Pacific Corp., Canada 
Gold Bond Building Products, Olv. of National Gypsum Co., 
Canada 
H.M. Hollc:wsy, Inc., CA, U.S.A. 
Iwami Mining Co., Ltd., Japan 
Jamaica Gypsum Co. Ltd., Jamaica 
Little Narrows Gypsum Co. Ltd., Canada 
Michigan Gypsum Co., MI. U.S.A. 
Minas de Sat y Veso, Dominican Republic 
Mtndeco Smell Mines Ltd.1 Zambia 
National Gypsum Ltd., Ccnade 
Superior Companies, AZ, U.S.A. 
U.S. Gypsum Co., VA, U.S.A. 
Walton Gypsum Co., OK, U.S.A .. 
Westroc IndU!trles Ltd., Canada 
Veso Mexicano, S.A., Mexico 

Allied Eneabba Ltd., Australia 
Jleso!=lated r ... Hnerals [nc., FL, U.S.A. 
Austral Amalgamated Tin Berhad, Malaysia 
Brush Wellman, Inc., UT, U.S.A. 
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Annex :..ta. (continued) 

COMMODITY 

ICJO!l£ 

CRUSHED 
!..lr.£5Tor£ 
&COU.lMITE 

PRODUCER 

Consolidated Rutlle Limited, Australia 
Indian Rare Earth Ltd. India 
Mineral Deposits Limited, Australia 
NL Industries, Inc. MacIntyre Deselopment, Norway 
QIT-F er et Tttana Inc., Canada 
Ractaruukki Oy, Finland 
Richklrds Bay Minerals, South Africa 
Rutile and Zircon Mines, Australia 

lse Chemical Industry Co., Juran 
Woodward Iodine Corp., U.S.A. 
Socledad Quimica de Chile, Chile 

Aeerias Pez Del Rio S.A., C~ombia 
Alcoa ExphJration Co., Dominican Republic 
Allleti Corp. Olemtcal Sector, NV, U.S.A. 
Aluminium Co. of America, AR, U.S.A. 
ArdaJ og Smndal Verk. a.s., No..."'WB}" 
A/5 Norwegian Talc, Mine/MIii, Norway 
The Broken Hill Pty. Co. Ltd., Australia 
CF l, I Steel Corp~ CO, U.S.A. 
Chromasco Divl:ion of Tlmmlnc:o Ltd., Canada 
Cie. Miners Agregetl..."S Calcareos S.A.., Peru 
Companhle Siderurgica 0.1 Amazonia, Siderama, Brazil 
Cyprus Industrial Mlneral11, K'\-•, U.S.A .. 
Cyprus Thompson Weinman Co., GA, U.S.A. 
Dofasco lne., Canada 
Dolomltwcrke GmbH Wulfrath, West Germany 
Dravo Lime Company, KV, U.S.A. 
Dumont-Wat.tier SA., Cerrleros et Fauns a Chaux, Belgium 
East Ohio Umeatune Co, OH, U.S.A. 
Egyptian Iron & Steel Organization, Egypt 
Empl't!l!as lmiustrleles El Molon S.A., Chile 
Engelhard Minerals & Chemic-els Corp., VA, U.S.A. 
FMC Qirp., CA, U.5.A. 
General Reiractoric-s Co., CO, U.S.A. 
Gold Bond Building Pnvfucts, PA, U.S.A. 
ICI Australia Operatlous Pty., Australia 
lnckr.!trlal Mineral Products, Inc., WA, U.S.A. 
The J. E. Baker Co., PA, U.S.A. 
Jersey Mlnlere Zinc Co., TN, U.S.A. 
Tt\e Jeypore Sugar Co. Ltd~ !."?dl:. 
K,,rr-McGee Chemical Corp., CA, U.S.A. 
Lime Di\·., Rangaire Corp., VA, U.S.A. 
Lohja C<,rp., Finland 
Msnnesmann Mineracao Ltda., BrazU 
MijnmaataeheppiJ N.V., Netherland 
Mindeco Small Mines Ltd., Zombie 
Mlner-G Del Norte, S.A., Mexico 
Miroral M!nfng Corp., Kenya 
Moootain Mindrala Co. Ltd., Canada 
The National Lime & Stone Co~, OH, U.S.A. 
Nltte:itsu Mining Co., Japan 
Norsk Hydro a.s., Norway 
Oh!o Lime Co., OH, U.S.A. 

COMMODITY 

LITHfJM 
Mll'ERALS 

MAGNESITE 

MANGAJIE:SE 
ORE 

PRODUCER 

Oy Partek Ab, Finland 
Pfizer, Inc. Minerals, Pigments & Metals DI,., MA, U.S.A. 
The Queensgate Whiting Co., Ltd, England 
SA Carsambre, Belgium 
Serrana 5/ A de Minerac.lo, Brazil 
South Africen Iron and Steel Industrial 
Corp. Ltd. OSOR), South Africa 
S\.eetley Industries Ltd., Miner-els Group, OH, U.S.A. 
Superior Companies, AZ, U.S.A. 
T.s. Thomas & Sons (Lydncy) Ltd., England 
Texasgulf Inc., NE, U.S.A. 
USG Industries, TX, U.S.A. 

Foote Mineral Campany, U.S.A. 
Lithium Corp. of America, U.S.A. 
Blklte Minerals (P\"t.) Ltd., Zimbabwe 
Klockner & C~. A.G., Namibia 

Amax Inc., NV, U.S.A. 
Billlton, Netherlands 
Oe\·ex Ltd., Australia 
Financial-Mining-Industrial & 9llpp!ng Corp., Greece 
Norseman Gold Mines, NetherJands 
Norsk Hydro AS, Narwey \ 
Palebora Mining Co Ltd., South Africa 
Zambia Industrial and Mining Corp., Ltd., Zambia 

Anschutz Mining Corp., MO, U.S.A. 
The Associated Manganese Mines of South Africa, South 
Africa 
Buena\·l11ta, SA, Mexico 
Cempagnie Minlere De L'Ogooue, S.A., Gabon 
Central Pro~lnces Manganete Ore Co., Ltd., lnd1a 
Chowgule & Co. PVT. Ltd, India 
Cle Miners Buenavlsta, S.A., Mexico 
Ccmpanh!e Siderurgica Nactonal, Brazll 
Companie Miners Autlan, S.A. de C.V., Mexico 
EJeu,ic Bauxite Mines MininQ; Industrial & Shipping Inc., 
Greece 
Enterprise Miniare De Klr..ienge- "Mangenese", Zaire 
Ghana National Manganese Corp., Ghana 
Groote Eylandt Mining Co. Pty. Ltd., Australia 
lndustrla e Comercto de Mlnerlos S.A. OCOMJ), Brazil 
The Jeypore Sugar Co. Ltd., India 
Kerr-McGee Chemical Corporation, MS, U.S.A. 
Luck Mining Co., Mexico 
Manganese Ore (India) Ltd., India 
MiddeJptaats Manganese Ltd., South Africa 
Minero Del Norte, S.A. Mexlcc 
OrillSa Minerals De\·elopment Co. Inc., India 
Rem.1 London Manganese Mines (Pty) Ltd., South Africa 
Rood.•pan Monganese Corp. (Pty) Ltd., South Africa 
S.A. M~nganese Amcor Ltd., South Africa 
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5VENITE 
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Annex 4.4. (continued) 

PROOUCER 

Ci~. Minera Agregados Calcareos S.A., Peru 
Ooneen Mica Co., CG, U.S.A. 
Diamond Mica Co., CO, U.S.A. 
The Feldspar Corporation, CO, U.S.A. 
t'ldustriRI Minerals, Inc., CO, U.S.A. 
Kings Mountain Mica Co ... Inc., CO, U.S.A. 
Lithium Corporation of America, CO, U.S.A. 
M.M. EL Shaigi, Sudan 
Mineral Industrial Commoditie1 of America, Inc., New Mexico 
Pegmin (Pty) Ltd., South Africa 
Seetharama Mining Company, [ndfa 
U.S. Gypaum Co., CA, U.S.A. 

ln<fuomin Ltd., Canadn 
IMC Olemi<:al Group Inc., Canada 
Nor3k Nefelin, Norway 

International Minerals & Chemical 
Corp., QMC), U.S.A. 
Olivin Corp., U.S.A. 
Spruce Pine Olivine Co., U.S.A. 
A/5 Olivine, NoTway 
~lithe GmbH, Austria 
T- Olivine Industrial Co. Ltd., Japan 

Ger.ord Refractories Co., U.S.A. 
AmeriC6:1 l'l,rlite Comp., U.5.A. 
l'lmollte Pruc;.,cts Inc., u.s .. ,. 
Silver & Baryte Om Mining Co., GrP.r,::e 
N. Bouras & Comp., Greece 
Etlbank General Management, Turlrey 
Perlite SpA, Italy 
New Zealanl Perllto Comp., New Zealanl 

Agrlco Chemiaal Company, FL, U.S.A. 
'.:MAX OlemicaJ Corp., FL, U.S.A. 
Araxa S..A. Fert1Uzcntes E Produtos Qu~mtcos, Brezll 
Beker Industries Corp., 10, U.S.A. 
llnnlon Inc., Chemical Olv., FL, U.S.A. 
BreWllter Phosphates, FL, U.S.A. 
Chemfoo Ltd., South Africa 
Chevron R=-urcea Co. COiv. Chevron Ind. Inc.) UT, U.S.A. 
Cle.des F'ho:spha:e: de Gata, Tootsie 
Cle Senegalalse Des Phosphates De Taiba, Senegal 
Cominco American lt..:mpwated, MT, U.5.A. 
IJoro,,r., Ml=als Ltd., Zimbabwe 
Ernpresa Miners Cet Peru (Minero Peru), Peru 
Estech, Inc., FL, U.5.A. 
FertUizar.tes Fosfatados S.A.-Fosfertil, Brazil 
Freeport Chemical Co., FL, U.S.A. 
Gardinier, Inc., FL, U.5..A. 
Gemge I> •. Relyea Phosphate Mine, MT, U.s.A. 
Hindustan Zinc Ltd., India 

' 

COMMOO!TV 

POTASH 

PU,11CE 

PRODUCER 

lndustr)al Minerals Enterprises, Pakistan 
International Minerals & Chemical Corporation, FL, U.S.A. 
lnverslones Y Mlnerales, S.A., Mexico 
J,R. Simplot Company Minerals & Chemical Dk,, JD, U.S.A. 
Jordan Phosphate Mines Co. Ltd., Jordan 
M.C. West, Inc., TN, U.S.A. 
MIJnmaatschapplj N.V., Netherlands 
Mobil Chemical Co. Minerals Grp., Phosphorous Oh.·., FL, 
U.S.A. 
Monsanto Co., TN, U.S.A. 
Nauru Phosphate Corp., Nauru 
New Wales Chemicals, FL, U.S.A. 
Occidental Chemical Co. (Oxychem), FL, U.S.A. 
Office Chertfien des Pi~sphates, Morocco 
Office Togolats Des Pho:!1¢".=:t.es (O.T.P.), Togo 
Phosphate D!:l\l!lopment Corp. \,-td., South Africa 
Queensland Phosphate Ltd., Austrsiio 
Soc. Sengelaise des Phosphates de Thies, Senegal 
Societe Nationale de Recherche et O~xploitation Minlere 
(SONAREM), Algeria 
Stauffer Chemical Co., TN, U.S.A. 
Ste. du DJebeJ Onk, Algeria 
Svenskt Stal AB, Sweden 
Texasgulf Inc., VA, U.S.A.· • 
USS Agrl-Chemicels, A DI\.'. of U.S.S. Corp., FL, U.S.A. 

Amax Chemical Corp., c,:;1 U.S.A. 
Arab Mining Co., Jorden 
Aub Potash Co., Ltd., Jorden 
Bureau de Recherch!s G~o1iJglques et Minl~res, France 
Central Canada Potash Oi\'. of Nora~a Mines, Canada 
Cleveland Potash Ltd., England 
Cominco Ltd.1 Canada 
Deed Sea Works Ltd. (Mlfalel Yam Hametach BM), Israel 
Denison Mines Ltd., Canada 
Duul Corp., TX, U.S.A. 
Empress Miners Del Peru (Minero Peru), Peru 
Gulf Resources & Chemh:al Corp., TX, U.S.A. 
Ideal Beale Industries Inc., CO, U.S.A. 
lntemetlonal Minerals &- Chemtcal Corporation, Canada 
TntemaUonal Minerals & ~mtce) Corporation, U.S.A. 
Kall-Chemie Ag,, W. Germany 
Keli Und Selz AG, West Germany 
Kerr-McGee, CA, U.S.A. 
Kidd Creek Mines Ltd.1 Canada 
Mlsstsslppl Chemical Corporation, NM, U.S.A. 
Noranda Mines Ltd., Canada 
PCS Mining-Allen DI\"., Canada 
Potash Corporation of Saskatchewan Mining Uml1 Canedo 
PPG Canada [nc., Canada 
Texasgulf [nc., UT, U.S.A. 
Union Explosi\'os Rio Tinto, S.A.1 Spain 

Pumex SpA, ~taly 

I 
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Annex 4.4. (continued)_ 

COMMODITY 

PYRITES 

RARE EARTHS 

PROOUCER 

ltalpomice SpA, Italy 
Lava Mining & Quarrying Comp. Ltd., Greece 
Heracles Cement Comp., Greece 
Central Oregon Pumice Co., U.S.A. 
Graystone Corp., U.S.A. 
B.M. Valla Ltd., Iceland 

Acoje Mining Co., fnc., ~"'tillpplnes 
A/5 Blelkvasali Gruber, Norway 
A/5 Stordo Kisgruber, Norway 
A/S Visnea Kobberverk, Norway 
AsturJena de Zinc S.A., Spain 
Atlas Consolidated Mining And Oele1;opment Corp., Phlltpplnes 
Bergverk:saelskapel Nord.Norge A/S, Norway 
Bollden Mlnernl AB, Sweden 
Buffelsfonteln Gold Mining Co., Ltd., South Afrlca 
Compagnle Royale Asurlenne Des Mines, Spain 
Oowa Mining Co., Ltd., Japan 
Etlbank Genet Mudurlugu, Turkey 
F olldal Verk AID, Norway 
F01dahr•c, Berverk1-Aktieael1kab, Norwsy 
Hanawa :"'inlng Co., Ltd., Japan 
Harmony Go!d Mining Co., Ltd., South Africa 
Hertebeoatfontein Gold Mining Co., Ltd., South Africa 
Hellenic Mining Company, Ltd., Cyprus 
Kllllngdal Gruboaolokab A/D, Norway 
Loraine Gold Minos Ltd., South Africa 
Marlnduquo Mining And Industrial Corporation, Phllll'l'inea 
Matsuo Mining Co., Ltd., Japan 
Miners Celdren, S.A., Spatn 
Outokumpu Oy, Finland 
Plrltes AlenteJanas, Sari, Portugal 
Prleako Cooper Mines (Pty), South Africa 
Rio Tinto Mlnera, S.A., Spain 
Stii.:htleb6n Bergbsu GmbH, West Germany 
Soc. D'Expioltstlon de la Pyrrhatlne de Kettera, Morocco 
Stllfonteln Gold Mining Co., Ltd., South Africa 
SUUtjelme Bergverk A/D, Norway 
The Thersls Sulphur and Copper Co., Ltd., Spain 
Taumeb Corporation Ltd., Namibia 
Union Explosl\'os Rio Tinto, S.A. Spain 
Veal Reefs Exploration end Mining Co. Ltd, South Africa 
Venterspost Gold Mining Co., Ltd., South Africa 
We-.tern Arean Gold Mining Co. Ltd., South Africa 
Zambl:l Consulideted Copper Mines Ltd., Zombie 

Allied Encebba Ltd., Australia 
Associated Minerals (USA), FL, U.S.A. 
lndien Rare Earths Ltd (IRE), Tndla 
Indian Rare Earths Ltd (IRE) Mineral Division, India 
Kadune Prospectors (Nigeria) Ltd., Nigeria 

COMMODITY 

ROCK SALT 

RUTILE 

sn.ICASAN> 

SDOAASH 

PRODUCER 

Mineral Oepostts Ltd., Australia 
Molycorp Inc., PA, U.S.A. 
GJueenland Titanium Mines Pty Ltd., Australia 

American Seit Co., UT, U.S.A. 
CargUl Incorporated, Salt DI\·., Australia 
Dampier Seit Ltd., Australia \ 
lndep~ndent Salt Company, KS, U.S.A. 
lntemetional Salt Company, LA, NY, OH - U.S.A.; England 
Kall Und Selz AG, West Germeny 
Kerr.McGee Chemical Corporation, CA, U.S.A. 
Les Mines Selelne Inc., Canada 
Morton Salt Dh·. Morton Thiokol Inc., TX, U.S.A. 
Pacific Salt & Chemical Co., CA, U.S.A. 
Pakistan Mineral Development Corp. Ltd., Pakistan 

AIJied Eneabba Ltd., Australia 
Asaoclated Minerals (USA) Inc., FL, U.S.A. 
Consolidated Ruttle Ltd., Au:tralla 
Hume & MIiia Companie de Aluml:ilo de Mlsiones, Argentine 
Indian Rare Earths Ltd (IRE), India 
Ishihara Ssngyo KaUJha Ltd., Japan 
Kerr-McGee Chemlcsl Corp., AL, U.S.A. 
Mineral Depostts Ltd., Australla 
Queensland Titanium Mir.es Pty Ltd., Australia 
Richards Bay Minerals, So,Jth Africa 
Rutlle ond Zircon Mines (Newcastle) Ltd., Australia 
Sierra Rutllt> Ltd., Sierra Leone 
Western Mining Corp. Ltd., Australia 

SCR-Slbelco SA, Belgium 
tluarzwerke GmbH, W. Germany 
Amberger Kaollnwerke GmbH, W. Germi.ny 
British Industrial Sand Ltd., UJ<. 
SAMIN (Ste. d'Exploltetlon des Sablleres et Mlneraux), France 
Siro SpA, Italy 
BV Lleben, Netherlands 
TUcon, Ltd., UJ(. 
Lohje Corporation, Finland 
Australian Consolidated Industries, Ltd., Australia 

Solvay & Cle., Belgium, France .. W. Germany, Italy, SpAin 
FMC Corp., U.S.A. 
Stauffer Chemical Co., U.S.A. 
Kerr McGee Chemical Corporation, U.S.A. 
Texasgulf, U.S.A. 
ICI, U.K. 
MISR Chemical Industries Co., Egypt 
Maged) Sode Co. PLC, Kenya 
lndustrle Del Alcall SA, Mexico 
Iran Fcrtllizer Co., Iran 

I 
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COMMODITY 

STONE, 
DIMENSION 

SU .. Pl·ll!R 

TALC 

Annex 4.4. (continued) 

PRODUCER 

lndustrla Marml e -'lranlt SpA, Italy 
lnduatrla Morini Aquanl SpA, Italy 
So!ubema, Portugal 
Marmr,tal, Portugal 
Marmoles Cosentinc-, Spain 
Guinet Dcrrioz, France 
FE Holdings Ltd,, UJ<. 
Flnska Stelnlnduatrl AB, Flnhmd 
Rock of Ages Corp., U.S.A. 
Jo!''" Swef:IOn Granite Comp.1 U.S.A. 
H,E. Fluti:her Comp., U.S.A. 
Acoclated Stone Industries O<otah) Ltd., India 
Granlmar SA Marmores E Granltos, Brazil 

Aaturlana de Zinc S.A,, Spain 
Azufrera Aucanqullcha S.A., Chtle 
Azufrera Pan Americana S.A., Mexico 
Bellamar Enterprlaea, Phlllpplnes 
Bonguet Exploration, Inc., Phlllpplnem 
E',cpancla del Zinc, S.A., Spain 
Etlbank Gene! Mudurlugu, Turkey 
Farmland lndultrle• Inc., TX1 U.S.A. 
Freeport SUiphur Co., LA, U.S.A. 
Majoneg Mining & Mineral Exploration Co., lnc., Phlllpplnr,a 
Matsuo Mining Co, Ltd., Japan 
Min .. et Produl~• Chlmlq.,os de Sa!slgne, France 
Mlnlere DI Zolfa DI Marza Tufo S.P.A., lta:y 
MJ1hreq SUiphur Company, l,aq 
Sayakcl Ma!lencUlk Ve Tlcarel ltd. SU., Turhey 
:itora Kopperbe,'91 Berglags AB, Sweden 
·r"xugulf Inc.,, TX, U.S.A. 

A/S Norwegian Talc, Norway 
Bakertalc Inc., Canada 
Cle. Mlnera Agregados Calcawoa S.A., Peru 
Cyprua lnduatrlal Mineral 1, MT, U.S.A. 
Cyrpua Industrial Mineral, Compeny, ~'.IT, NE, U.S.A. 
Gouverneur Talc Co., NY, U.S.A. 
Mlnefleld1 Exploration 1'11.., Australia 
Mlnerarla Valtalllnese S.P.A., Italy 
MyllykDBkl Oy, Finland 
Pfizer, Inc. Mineralt, Pigments and Metal, OJ\'., Ml, U.S.A.. 
Socleta Talco E Grsflte Val ChllDfle S.P.A~ Italy 

COM\IODITY 

WOI..LASTON!TE 

ZIRCONIUM 
ORE 

PROOUCER 

Southern Clay Product,, Inc., TX, U.S.A. 
The Standard Slag Co., CA, U.S.A. 
SteeUey Jndustrlec Ltd., Minerals Group, Canada 
Three Springs Talc Pty. Ltd., Australia 
Vermont Talc, DI\·., Omya Inc., VT, U.S.A. 
Westem SourcP. Inc., CA, U.S.A. 
Windsor Minerals Inc., VT, U.S.A. 
Yhtyneet Paperltchtaet Oy Seamen Talktcl, Finland 

Processed Minerals tnc., U.S.A. 
R.T. Vanderbilt Co., Inc., U.S.A. 
Pfizer Inc., U.S.A. 
Oy Partek, Finland 
Wolhem Pvt. Ltd,, India 
General de Mlnerales S.A., M~xlco 

Allied Eneabba Ltd., Australia 
AlloC'lated Minerals (USA) Inc., FL, U.S.A. 
Consolidated Rutlle Ltd., AU!;tralla 
E.T. Du Pont De Nemours & Co., tnc., i-'l., U.S.A. 
Indian Rare Eartha Ltd ORC}, India 
Minerals Deposits Ltd., Australia 
Queemiland Titanium Mines Pty .. Ltd., Australia 
Rt~hards Bay Minerals, South Africa 
Rutlll'I and Zircon Mines (Newcastle) Ltd., Australia 
Weatem Mining Corp., Ltd,, Australia 

Sources: E & MJ International DirectOi''.i ol' t·!lin!nq (1586); Financial Times Mining international 
Year Book (1986); Industrial Mine1'als {various editions 1980 - 19/'.!6). 
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Annex 4,5 a, Share of International Trade of Industrial Minerals In World 
Production In 1983 

I llorld Production E1ti .. t1d Quantity I Shu, in I 
CoMOdity I 19Bl llDOO 1t 1 Tradad 1983 (1000 1tl I porcent I 

_I I • 
Oi1\IOnd1 1 lndu1trial 0,007 0,011 I 162,04 I 

l l 
Hltrat11 622.5 600,0 I 96.4% I 

I I I 
l Zlrconlu1 m.o 577.i I Ol.4% I 
I Iodine 12.5 10.1 l 00.2, I 
I I I 
I Boron 2200.0 !711.6 I n.a, l 
I Stone, 01 .. n,ion 11575.9 8402.9 I n.n I 
I I I 
I Heph,lin, !iyenite 1000.0 6l1,l I 63.1% I 
I I 
I lilhiu1 Raw 111hriala 7.4 I 4,l I 57.8% I 
I I I I 
I Bauxito (111 ll>Hl moo.o 1 37961,6 I 48.2, I 

Flourapu 4220,D I 1m.6 I 47,0, I 
Sulphur 32090,0 I 14682,2 I 44.6\ I 
Barlh 5470,0 I 2432,l I «.5, I 
ll11nit, & Rutila (gr, woighlll lOll,Q I 1295.5 I 4i.o, I 

I I I I 
11:ng,n,,, (all u,a,l I 8250,1 I l17l,6 I 38.5% l 
A>b11tD1 I 4180.0 l 1576,l l l7.7'1 l 
O,ro1ih (all usul I 7900,0 I 2869,9 I '6,6M f 
Per lit a I 1307,0 I 461,0 I n.1, I 
Bro1ln, I 358,0 I 124.9 I l4,9' I 
Graphita I 620,0 I 206,8 I ll,n I 
Pho1phat11 ,4690,0 I ll4l0,l I ll.2' ' Oiato•ita 1m.o 1 475,1 I ll.~\ 1' 
Hie, 256.R l 78.1 l l0.5% I 
1/miculita 447.2 I Us.ti l0.4' 

I I I 
I Kaolin 19000,0 I 4960,6 I 26.1' 
I 111gnaalta 1\J70,0 275U I ~4.2t 
I Talc, So1p1ton1, Pyrophyl!lte mo.o 1375,6 I 20." 
l I 
I G\ll••• & ~yclrit• 78357,0 12928,l I 1u, 
I Silt 161170,0 2om., 1 12,711 
I Faldapa, lBlO,O 41U I 10.e, 
I Btntonlta and Full1r 11 Earth 7110,0 751,S I 10.5, 
I I 
I Corund~•, Elery an~ l'li1lc1 llllD,6 942.5 I 8,,t 
I Ct11nt 914822,0 59843.0 l ,.~, 
I SIiica, Ind, Sand IQl,140,0 1981,2 I 1.1, 
I Claya, Co•n mue.2 1764.1 I 1.0, 
I Sand end Graw I 7166880,C lll99.S I o • .-
I I 

Sources: U.S. Bureau of Mines (1985); U,5,Bureau of Mines (1986); 
Cellot (1995); United Netions Conference on Trade and 
Development (1985); Industrial Mlnert!ls (August 1986), 
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Annex 4.6. Net Expc;-ts and Net Imports of Industrial Minerals of the First 
Five Net E:xpo1•tlng and Net Importing Countries and Sha,•e in 

World Damand in 19B3 

I MorH Prob:hon I 'l'ill Fir~\ Fiw Oautil; Shu, in I Ttw.: Fml fiw 1,1>,,hty SNr1 Sn 
Coao1hty I 1111 11111 •ti I Hit lii:portm llllhll IIDrtl llnlfll I lilt 1-,ar~ua UUl•ll lllrll llnool 

I I I 
Asb11to1 I 4111.t C."41 '51,4 U,t\ I Jtpt.l\ 23',7 5.7' 

I D.S.S.I. ffl,I 1,11 I 11,,_"1, 114, hp, 151.I 3,71 
I St.th Africa m.1 4,1\ I Wl" Sh\n 141,1 3.41 
I - UI.I 3,S\ I bt111 •P• If lll,l 2,71 
I lttly 11,1 1,5\ I France n.1 1,71 
I I 

B&uh Wt,I Chi .. m.t ll,h I lnitd Stah, 1215.1 21.1\ -..,eeco ffl,I 5,n I u,11,111.- 12? 7 2,3\ 
1r.,1,111 ln,l l,11 I '"""'' Dn, hp, 113,2 I.II 
thllla ... 151.1 2,71 I Mu111y 11,4 1,71 
hrup 11., 1,4\ I Hllhlrhflb 11,7 1.1, 

I 
B&ullh lall1l and l'lln-1tll1 71711,1 I Oahu 11172,1 11.n I Vnitd Slllu 1214&,I 15.71 

"" I Australia 1371.1 1,11 I Cw4o 3317,1 4,31 
I J.,.ita 4157.1 C,2\ I c,~, Fd, llp, mu 4.11 
I lruil 3'111.l 4,1\ I J1pa11 3115.8 3.1\ 
I Sarira 2177.1 1.n I u.s.s.1. mu 2,41 
I I 

6.ntonth and Mhr'a lulh 7111.1 I Cmta m.1 4.51 I C.."" 187.1 2,6' 
I Unih4 Stdn 211,2 2,9\ I rnrca l\l,I 1.1\ 
I ttarom1 23.5 1,3' I Ci""'I, ltl, hp. 51.2 1,71 
I fm9ul 1',4 1,2\ I ~thirhfm (1.5 ,.71 
I '-Rl"I, 'On. bp, 11.5 1.11

• tlm,av 31.4 1,4\ 
I 

Soron 2211.1 I hru7 m., 21,11 Ihtv 152.2 '·" I lhtlloa lblH Iii.I 27.11 ,, .... 111.9 5,1\ 
1 u.s.s.1. 12.1 1.1, "~' , ... Rip. 15,7 4,31 
1, ... 4.1 1,2\ •11i• ,s,, 3.41 
I J.,.. (8,5 2.21 
I 

Brasuw: 351,1 I llrMl 17,1 11.71 rrw, (,5 1,11 
I Unit.ti Stat.1 51,1 14.21 c.m1r1, r,a. •,. 4.2 1,2\ 
I Vnill4 Ii,,,. 1,1 1,5\ Japon 3,2 '·" I Sladi kabia 2,7 '·" I lhlj l,l UI 
I 

C.•nl 11(822,1 I Jlplll 14317,1 1.1, Sto41 llral11 15111,1 1,61 
11:, .... )ffl,! 1.n (11111it !3'5.1 1,4\ 
I Iana, tip. af !111.1 l,C\ I A11J1ri• mu 1,4.\ 
I Tai111n U54.I 1,4' I t:itiud Shtu 332.1.1 u, 
I baniA 2fH.I 1,31 I Sinppm 31~.7 1.3\ ___ 1 

I 
~n1l1 tgton .. ight1 •bl ~II.I l tea\h P.irica m.1 11,2\ I Japtn HU 8.21 

and 111111-•hl UIII I Albtia 5!1.1 7,4\ IS.Un lll,9 4,31 
1 u.s.s.1. til.l ,.n 1 "rur,;i, r.a. ••· 231.5 3.11 
I ""•v 312.7 4,S\ I Ital, m.s 2,4\ 
I lrtia 151,1 1,S\ I V.11tvi1 191.( :.a 
I I 

Cla\11, Coai:in 311138,2 I Ca""'I, 114, lr1, 1113.1 1,3' I lhlp 79!.I 1.21 
I Dnibc1 SLa\n Iii,] 1.2\ I Hllhlr4n41 2".9 1.11 
1 CuchadOVWa 257.2 1,1\ I •t1i• 211.1 1,1\ 
I Chi• 211,1 I.II I U.lbHi")b 173.( u, 
I rranca 21U 1.1, 1...,, m.1 '·" I I 

Cilrandca I buy ard £\aiu tun., 1 lirNct 34"4 J,11 I lllti.rt&l!b 253.l 2.2' 
I C:.rMIIIJ, , .... ,. 112.l l,n I ltnibd lingb. 219.2 1,9' 
I Italy llU 1,11 I lhuld Shln IIU 1,5!'< 

hrl<ov 22.9 1.n I Algr.it 71.2 1,71 
ll'llli.• I.I 1.n Cw4t 21.7 1.3\ 

Dimindl, lnkllrhl 33312.1 Sooth Afric1 1131.1 24,4' Tti11111 "'5.1 21.31 
l'.ona1 .,,d 7315.5 22.1, •i.P• C'J,I 14,1'"1 
Zlir, m.s 1.1, Onitlll St.al11 2HU '·" '-lralla 1121,1 5.n 1"11lb4 ti,gloa mu '·" Chant nu 1.n hlland 11115.1 3.11 

Dialc111itl 1513.1 •1,ua 221,l 14.n Nlllt.rlllU 20.l 1',l\ 
Uaib4 St.dn 132.5 1.n c.tlll?ril, rn. •,. 34.l 2,3\ 
llnauk 57.5 l !', c,,w '.13.3 1.s, 
r .. ,., 17.2 1,11 UnittakiT!p& 17.l 1.1\ 
tl1111ico 2.1 1.n Sdi~Uia II.I 1,71 

- I 
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Annex 4,6, (continued) 

I Uni• Produell111 I The Fint Fiw !MAIUy Ihm In I Thi Firtl Flw GHiltlly Shin in 
Coaod1ly I lHJ ltlll all I MIit C.parlln UHi 1tl U...11 OHiN I MIit l•run 11111 111 WDrtll D111nd 

I I I 
Flld1p1r I 1111,1 1111...., n.1 1.n 111,111111.,... 11,7 2,11 

I I ChlM 11,7 1.111 hh• 11,2 2,11 
I IF'tnlM4 Ji.I I,,. I liilrllft'J1 fN, lltfi, JI.I 1,111 

I F'rwa 11,1 1.n 1111110,1m 11,2 ,.n 
I ll1ty 
I 

12., l,fl I •Ith• 
I 

21., I.II 

Fl1unpa, '221,1 I a.,,.. MM 1,11 UiiilN 511111 ,u.1 II.II 
I tlnict m.1 1.n • 41 ... 11,ll 
I ..... II, Ill.I 7,11 '°-V, F..,j, .,, 11"2 I.It 
I S.,U, Alrlt1 211.4 1.n u.s.s.1. m., J.~ 
1 n..nw UJ,I ,.n two, Ill.< l,U 
I 

,nph111 nv., I OUM "·I 1.~, • 11,7 '·" I Klrt11 ... 1f n., 1,21 llillllll Shin 11,1 1,11 
I fklic1 11.6 J,21 UiiltNki ... ,S,J ··" IIN,ptur 11.6 2,21 "-v, r ... .,, 11.t I.II 

lualrtl 7,7 1,21 T1han 11., 1,11 

Gw•ua & fr¥r1h ,an,., Clolil 1711,1 7,11 Uiiil .. 511111 7171,1 '·" lll11tt lllt.l , .• '-l'IIIIV, , ...... "8,7 I.II 
!'f•ln 1111,1 1,11 llllllne1l1 1!"2 1,11 r, ... 111"7 1,11 T•I• , ... , '·" Ulnll1 lll.2 1.n MIIMrlll'IN ,, ... ... , 

ll•111t1 & Milt lgrou JIii.i l'ultnli1 1111,1 ff,11 U.ltM 511111 411,2 1•.n 
wughtl 111...., 111,1 17,ll • ,11.1 11,11 

Clolil 171,t 11,11 '°-V, Fd, .,, 117.1 11,2' 
Srllril '"' J,21 U.,illllKi ..... 211., '·" I Sltrrl Ltn n.1 2.• r, ... 171,1 "'' I 

fod1111 12,I I.,_ ,., 11,IQ lhitlll 511111 2,1 22,Q 
I Dli11 2,1 21.• lloltd Kl.,... 1., l!,21 
I r, .... 1,1 '·" I '-ta'l'lr , ... lti,, 1,1 1.n 
1 MltlllerlNI ·'·' 2,11 
I 

Kuhn I 1'11~.I I U111tlll Ii..,_ M,I 11,11 liilrtlfPI, ftd, ... 1,1.2 ,.n 
I I UIUN Sl1tn 117'-0 ,.a ll1ly 171,7 ,.n 
I I CiKMll .... i1 lit.I 2,11 • "~·· 2,91 
I I •a.ii Ul,I 1.a Fl•IIN (tf,:' 2,ll 
I I"._, 0... .,, Ill.I 1,11 M!~lrlttlMn ffl,•I 1.n 
I I 

L1lh11• Rl11 11111rnh 1 1.4 C lhltlJ 5111• 1.1 )l," I lhitN kl .. 1,1 17,11 
I I °'IN l,l Mllllpo, 1,1 11,Q 
I IZi .... 1,1 4, 1\ I Frua I.I 1,11 
I 1 u.s.s.1. 1.1 1.~ I ll1ly 1,2 2,11 
1 I •nil 1,1 l,Zll I loltl" 1,2 2,11 
I I I 

H1gn11H1 I 1U71,I I Klru, 0., ... 111,1 6,ft I U,5,S,I, ni., '·" I I DliM Ill.I 1,111'-t lll,2 J,21 
I 1ei..:.-11 111.D 2.11 I PII ... 241,1 2.1, 
1 I T,rby n.1 ..... c.,_, r.: • .,, 21M 2,11 
I t •uil 71,1 '·" • dl,J 1,11 
I I 

ftln1J1nn1 latll lltld non .. 1, I ffll,I I Sluth Mrict 171,2 11,ll • 7'2,1 ,.n 
... 1 1-. 111,1 7,11 r,- l21,I ,.n 

I U.S.5.1, "'·' ,.11 111,,.. 21',I J,U 
I blt11i1 .,1,1 1,11 Plln 2H., J,111 
I •nil JV.7 ,.n Cittha1ll\lll\l1 127,7 2.n 
I n,c, 2H.I I IMia 11,1 11,41 lkitN Kiftf.ioil II.I J,1' 
I DliM IM I.II liilraany1 F ...... II.I 1,11 
I Ftanet ,.2 1,11 • 1,1 J.U 
I loail J,I I.JI •1,1111 ,.7 1.n 
I lhltN StalK 1,1 1.n NIUittlllW'..;. 1,2 "'' 1 

Ht~hlll ~Ill 1111,1 I c...i, '"·' Jf,11 I U.illll S11tn 3'1.J k,!1 
I"'""" 217.t 21.a I Fr-. .... 1,11 
I I '6,aiy1 f'ld, ... .... ,.n 
I 1 •11i111 12.1 J.21 
1 1111,ht,lll'IN ,.,, 2,!I 
1 I 
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Annex 4.6. (continued) 

I I llorld Production I Thi Finl F1111 ll.lntlty !11111 In I Thi Finl Fl111 Qiontlty !lilrt In I 
I C.M>dity 1111 IIUI 111 Hot bportm 1!111 oil lilrld Dlur4 I Hot 1..,or1111 11111111 llorld D111,t I 

:Hitr'&111 122,! "'a,'"1"'1,-------,,"'11'"'.t,----,!,,-d,"'4'"°:--:l!l"A,--""-----,1!1::,A:----:IVe,A:-\ 
I I WA II/A • WA I 
I I l!IA WA HIA I 
I I HIA HIA HIA I 
I I HIA HIA HIA I 
l-=---,.---------::::::,-:-l-::---------,,.,.,..,-----,:,-:e-1-- I 
I Pmll1 lll7.I Gmco Ill.I 11.511 I L~lt,d Kln,1,1 11,1 J,4' I 
I U,S,S,R, Ill.I 1,2' I '°'""llr Fod, lbp, 71,7 I.Ill I 
I 11rot11y 18,1 d,11 I 111191.. di.I 4,1' I 
1 Italy !7.2 4,4' I Fr111<1 44.Z 1,4' 1 
I Turk,y J,7 1,5' I llllhd Sl1t11 17,2 1,11 1 
I 1 I 
I l'ho1ph1t1• tlft. ,;ont,nU ,4'n.l 11Drocco fJ1',Q '·" I franc, JM7.t J,2' I 
I lllllod SIIIH 12H,2 1,1:'1 I !:Milo 1111.S 1,ft I 
I u.s.s.R. Jill.! MJ I Ji?on 1117.1 1,11 I 
I T1.11l1l1 2111,1 2.!11 I llollorllllli• 14U,I 1,11 I 
I Judon 21H,I 2.211 I t111t11ll1 1111,1 1,11 I 
I 1 I 
I Solt -, 111171.1 llldco 1141.d 2,4' I Jap,n 1171,7 4.11 I 
I I llothsrllllll, 21!1.1 1,111 I llllhd 61,1.-. '971,! 1,11 I 
I I [nuny1 Do,. Rip, Ult.I 1.11 I S..dtn 1111.4 1,7. I 
I I Conodl 1117.1 l,;\1 111191.. 111,1 1,4' 
I I I i;,.,,,,y, Fod, Rip, 1141,7 I.Ill Korn, Rip, of 114.2 1,11 1 _________ 1 _____ 1, __________________________ _ 

I Sood 11111 i;r...,1 I 7116110,1 I ln,Joo,alo Im,, 1,11 r.111.. !441.1 1,11 
I I I i;,,uny, Dlo, 11,p, 2114,9 1,ke Conodt 11:;.1 I.la 
I I F1•00C1 112S,I 1.111 Sl'i""' 1111,1 l.11" 
1 I i;,,oany, F~. fllt>, 12'9,I 1,12' liwltmllllll 111:1.1 1,12' 
I I 0,1'11 H7.I I.Ill ltoly 174.1 I.Ill 
I 1 
I 5illco1 Ind. Sood 111441,I I lllllod SIIIH 117.2 1,11 llor"'ll 41U 1,2' 
I 'I 5iedwl 211,1 1,11 Fr- 114.I 1,1' 
I :.O.dl 111.4 1.11 Jap,n 71.4 1,141 
I lliog,ry 71.1 1.14!1 11111,orll'-dl 21.1 I.Ill 
I '°'""Yr Fod, iit,l, '1,1 I.Ill ltoly 11,2 I.Ill , _________ , _________________ ..,,.,..,.,..,.,,...--------=·-----' 
I S1IOl1 ,;.,,.;"' 11111,1 ltoly 1127,J 11,11 .Jap,o 71M d,11 
I Portug,I • JIU 1,11 Soudl ~11111 '71,,7 !,R 
I i;.,...y, D11, hp, 7-0,1 1,R 1 '°""'llr Fad, Rip, 431.1 1,11 
1 1111,11. m., 2,4' 1 r,""' 112.1 1.!l 

S..dtn 211,1 1,11 I lllllol 611111 2",7 2.411 

·-.,..,..------·:---=~·---,------=,...,...--=.,..'-------,=:-----,-,.,..-· 5"1pt..r 12111,1 CWdl !ldl.4 17.2t I llln1C<O 1141.! 4,11 
Pollllll 4114,7 12,11 1 T1.11hl1 1111.! I.ft 
llldca ·111.1 1,1!: I 1'"11 "1.7 2.111 
Soucll llrlilio 711,1 2,2' I U,S,&.R, 114,1 2,;\1 
r, ... , m., 1.n 111111.i Ktnpo 1.a.1 ~.,. 

: ..... ..,.....,,.......,-....,,.....,,-,.,.,.,..,:---=...,... .,,,.,..-------,=,,---.,...,..'-------,,.,-,,---,-,,-
Tole, s..,,1ono, Pyrophyllih 16.t.l D,in1 121., 1.n I J,p,n 111,1 l.2l 

lllilld BhtH 117,1 2.411 1 i;,11111)1, Fod, R..,, 117.1 1.1, 
,..,,,.11, 111.1 2.n , 1111111 "·' 1.11 
fllllrio 112.1 I.ft I Si'l'l'OII 71.1 1,11 

I r,,.., 11,l 1,11 I lllihd Ki.. .Is.! 1,11 
I I 

U1t11i~ulit1 ----,447=,"!"'2 I South Alric, 111.2 2f.lll I lllihd Kin,1,1 
I Brolil 1,1 l.ll 1 twdo 
t I franc, 
I 1 '°""'ll• Fod, R..,, 
I l lllilod 6111,o 
i I 

Ziruniua <11t1l end non·•t111----:,61:e2,"!"'I I l\l1tr11i1 HI.I "1,91 I Japan 
uool I I Sooth Alrico 112,1 11,2' I lloly 

I I ll1ino II.I 2,2' I '°""'ll, Fod, !'.op. 
I I 1 lllilod Kinp• 
I I I FrlllCI 

2M 
2M 
11,1 
1,1 
u 

Ila.I 
71.1 
!4.2 
17.4 
14,7 

-----~---' I '-----------

f,;\1 
4,,\1 
1.n 
1.n 
1,111 

21,611 
11,11 
1.n 
!.411 

'·" 
Sources: U.S.Bureau of Mines (1985); U.S, Bureau of Mines (1986); 

Cailot (1985); United Nations Conference on Trade and 
Development (1985). 
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Annex 4,7 a. Shere of Exports of Industrial Minerals from De\'eloplng 
Countrlss (DC's), Industrial Market Economies (IME's) end 
Centrally Planned Economies (CPE's) In 1983 

I EXPORTS 
I 
I oc. I 11£1 D'EI TOT/i. 

ClllUllTY I 11111 Ill • I 11111111 • um 111 • 11111111 
I '-Hltrat", Natural I 611,1 IGG.11 I.I o ... 1,1 u, 608.1 
I 

Barill I 1858,B 76.41 562,0 2J,1' 11., 1,411 24JM 
I 

Baudle (all uml I m6s.1 66.8' 11421,J 27.51 2l7S,2 S,711 J7'161.11 
Flourapcr I mu 62,,. SJP-1 27.21 218,2 II.SI IPBJ.6 
nlca I 47,4 60,Bl 2P,P JB,JI 1., 1,9' 78,l 

I 
l'h"phalaa I 1mu S7,81 9'46,7 !1.61 llJl,2 11,6' ll4lD,J 
Graphite I 118,l S7,II aM n.n 6,4 J,11 m.8 

11anganut (all uml 1274.S 4D,2' mu 4J.9' Si!.I lS,9' )17J.6 

Talc, So1p1tanr, Pyrophylllta S19.J JI.Pg 7'/D,7 S7,S. lS,6 2,61 lJ7"6 
Baron 6l1.9 J7,ll ID!8,8 61,ll ll,B 0,8* 1'11.6 
Salt ma.s J4.n 11869.3 S2, Pl 267J,I ll,8' 21'iJ2,9 

0,, .. 111 Coll uml 7'14.~ 27,H m., J4,ll 1114.B JB.21 2BBP.P 
Iodine 2,6 2MI' 7,1 7D.SI 1,4 4,11 11,1 
i;.,,,,ua I ~~rlta mu 21.n 1114',1 78,Sl 161,I 1.2, 12Pll,J 

1· 
C.,undua, Eary and Pu1ic1 110., 1u, m., 11.n 1,1 I.II I 942,S 
Ol110nd1 1 lndu1trial 1,112 17,lll I.GOP 11.61 ,.m D.6' I MIi 
l1agna1lt1 41S,I 17.21 1184.f 4J,R 1194.6 SP,711 I 21SU 
Ca•nl IIJIM 17.21 40721,0 68.1, 17'19.f 14,711 I SH4l,D 
Sand and Gr1111I mu 16,6' 2lD2M 7l,8' I 291M 9.61 I JllPM 
Llthlu1 Raw l1alari1l1 1,7 IS,411 i.s au, 1 1,1 2,11 I 4,l 
F1ld1par Sl,l 14,11 m.1 11.811 17,2 4,11 I 4.IU 
SUiphur 1944.1 11.2, 8411.S S7,61 I ,2,6.6 29.21 I 14682,2 
A1b11ID1 187.1 11,9' 1111,2 71.SI I Ji'l,2 17.61 I IS76,l 

I I 
StD1•1 Ol•naloo I 816.I 9,711 7850,1 Bl,ll I m.e 6,4' 8412,9 
Cl•!" 1 eo.n I Jl!.P 9,8' J081;4 12,11 I ll4,7 8,9' mu 
0int,,.,ill and Fullar'1 Earth I SU '·" 669.6 89.11 I 26,P u, ,Sl,S 

ll•nltt and Rutila I 94.6 '·" 1201.B 92,711 I u I.GI ms., 
Silic,1 Ind, Sand I 114,7 '·" 17'1,l 91,4' I H,2 4,ll 1'81,2 
Kaolin I m., ,.r.. 4224.0 OMI I 511,D 11,11 496D.G 
Zirconium (111 u111) · I IU 2,6' H2,l 97,4' I ... 1,11 '"·' I I I 
Ol1talll I 4,l C,fg I 46S,S P8,0I I ,., 1.1, 4,S,i 
l'lrlill I ,., I.Bl I 261,S 56,711 I m., 42,5' 461,1 
1/eroiculit, I 1,1 1,711 I 1'4,P 9',ll I 1,1 , ... n;,9 
Broaine I D,D 0.01 I 12'1,9 IOD,H I 1,1 o.o~ 124,9 
Hoph1lin1 S,,.oit1 I 1,1 l,DI I 6ll,J Ila.ii I 1,1 .... 6ll,l I 

I I I I _1 
TOTrL I 81216,l ,l,8' I 14266'.9 S6." I 29422.S 11,711 I 2'2292,7 I 

I I I I I 

Sources: U.S.Bureau of Mines (1985); U,S, Bureau of Mines (1986); 
Callot (1985); Unltad Nations Conference on Trade end 
Development (1985), 
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Annex 4. 7 "· Share of Imports of Industrial Minerals Into De\'eloplng 
Countries (DC's), Industrial Market Economies (IME's) and 
Centrall)' Planned Economies (CPE's) in 1983 

I 
I 

IHPORTS 

I OC. I 11£1 Cl'Ea TOTAL 
11100 111 I COl\!DITY IIDII 1tl • I llOID 1tJ • IIIDI 1\1 ~ , ________ , ______ ,, ____ , _____ ,_......,,_ 

I Co11ot 44Ul,2 7J,BI I 1"61,9 21,3' 17'9,9 2,9ij 59841.~ 
I I 
1 Fotd,1,., m.s n." 1 25,1,9 61,ll 29,B 1.21 414.5 
I !illph.,, 4548.6 Jl,R I ,ear., 51,ll 2Jl'i,I 15.7!1 w ... 2.2 
I I 
I Bontonit, wnd Fuller'• Earth 212,B 27,R I 54JS 7l,ll 5,2 D,7!1 m.s 

Jl4JO.l 
1576.J 
)764.1 I 
0.011 

I Phosph,1111 8246,6 26,2. I 1417.!,I 45,7!1 BBll,6 2e.o, 
I l'tibHIOI J4J,6 21,Bll I 1125,7 65,1. 217,1 IJ.I. 
1 ct,y,, t•-n ,ea., 21.11 1 2619,4 69.6' m.o Ml 

Diaaonds, lnduatricl 1.112 20,5• I D.1111 74,R 1,111 M• 

Gypsus & Anh)ldrite 
Talc, Soopaton•, Pyrcphyllite 
llarito 
lcdina 
Diato1i11 
Slane, Di•n1ion 
Corundu1, Ellry ind Pu1ic1 

Otro1it1 (all UHII 

Graphite 
Kaolin 
lloenita and Rutile 
Hica 
Bouxit, (all u111) 
Sand and Graw( 
llang1n111 (111 u111l 
S.lt 
Flourapar 
~•gmit, 
Zir1o ..... 'l:!~ (111 uses) 

V.raiculit1 
Silica, Ind. S.nd 
Parlito 
Hephelin, S),,nita 
Lilhiua Raw llateri1l1 

Hitrat" 
Boron 
Bro1ine 

2Jll,8 17,BI 
226,J 16,411 
"9,1 16,411 

1,4 14,411 
6',9 ll,411 

IIOJ,i IJ,lt 
114,8 II.I~ 

26',B 9.t, 
IB.2 B,8' 

4JQ,I B,i'II 
118,4 8,411 

6,J 1.1, I 
2941,1 '·" 
me.4 s.21 
149.9 4,7!1 
948,9 4,6' 
89.J 4,5' 
88,1 J,21 
' 6,2 1,11 

lfi2D,( B!.4• 
1121., 81.5• 
1955.5 ,o.411 

8,2 Bl.6• 
411,4 84,5, 

7247.6 86,)l 
835.,! 88.7!1 

1856.5 64,2. 
171.5 82,411 

4346.1 87.6' 
1145,J 88.4. 

69.8 89,411 
1m:., e2,a 
29361,9 94.1. 

2111,6 72.5. 
18624,2 91,7!1 
155),1 78.3' 
1741,J 63.2!! 

561.9 "·" 

116,I I.Bl 
28.I 2.0• 

"·' ,.2• 1,4 4,°' 
9,8 2.1, 

51,7 0.6' 
2,1 1.2• 

769,7 26.6' 
ii.: O.H 

184,5 l,7!1 
41,8 ,.2, 
1,9 2.'11 

3627,9 9.6' 
217,2 1.7!1 
722.I 22.e, 
959.9 4.7' 
141,2 1,.2, 
ffi,J ll.6• 

9.1 1,6' 

1292R,J 
1)75.6 
24)2,) 

10.1 
475,1 

8402.9 
942.5 

2889.9 
206.B 

4960.6 
1295.5 

711,1 
)7961.6 
)1199.5 
)17'.6 

205'2,9 
198).6 
2754.5 
577,) 

1.1 1.11 m.e 99,2• 1.0 o.o• ms 
7,7 1,411 19'2.8 99.1. 11,8 I.J• 1981,2 
0,1 1,R 458,5 9M• 2,5 Q.5• 461,Q 
1.1 1.n ,n., m.n 1.1 1.11 6n., 
I.I l,R I 4,J 99.6• I.I 0.411 4,J 

I 
HIA HIA I HIA HIA WA HIA 600,0 
HIA HIA I NIA NIA HIA HIA 1711.6 
NIA NIA I HIA HIA HIA HIA 12M _________ , ______ , _____ , ___________ _ 

TDTIIL 69291,4 2,.s, I 159611,5 6J.,. 21554.4 &.5. 252292.7 

---------'------'-----
Sources: U.S.Bureau of Mines (1985); U.S.. Bureau of Mines (1986); 

Callot (1995); United Nations Conference on Trade and 
Development (1985). 
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Amex 5.1. Mineral Potential Assessment of Large Areas for Certain Industrial Minerals 
(!=Promising Prospects, 2:Average Prospects, J:Poor Prospects to Locate Mineral Indicated) 

~ 
Bulk 

1 1 
Raw ~ 

1 
Gypsum Raw Low- High-

Hater a s Hater~a s and Haterfals Grade Grade Salt Useful Marine Kaolfn Feldspars 
far Con- for L1ee- •-h 1 • f Ce • Ce I Heavy Dia- and Sulfur 
structfon !. Cement nu ydr t!!: or Glass ra:111c ra.a c Deposits Minerals ta::ifte Clays Mfca 
Industry Industry Racks Industry Chys Cbys 

I 
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 I 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Sediments 
Predcafnate 

=~:~Lagoonal X X X X X X X X X X X X X tT. 

Reefs X X I X X 
ronaatfon 

r;;~~::- X X X X X X XXX X X X 

Delta!< X X I :r :r :r X Fonaation z. • L . Z. • 

Lim!< X X X X X X X X X X X X 

n~~~ X X Xa xx X XX X X xx X 
Rivers 1111th 
Act.hi? Erosion X X 
River X X X X 
Terr1ces 

Eoltan X X X z.T. z.T. X X X X X X X X X 

~~~. s.nc1s X z.T. z.T. X X 
G1101a1 X X X X X X X X X X X X X X X 

~~f!:!~uvlatne >: X X X X X 

- X ~~~ X X 
End 
Moraine X X X X 

~:~ ~~:~·,1e. X X X X X X X X X X X 
e.ysvlth XX X X X -~ a a a 
Fjo,d C..sts z.T. X X X X 

1<arst XXX X X Xz.T. X 
~11R·l'::on::----;-+-+-+-l-+-t-,1-+-. +-;-+-+-+-l-+--+-,l-+-+-;-1-+-t-cl-+-+-l'-+-+-f-f-+-t-l-f--i 
Troughs X X X X X X z.T. X X z.T. 

l!l 



Annex 5.1. (continued) 

~ 
Bulk Raw 

s Haterlals M.lterials 
n for Con· for Li•· 

~true ti on I Cnent 
Industry Industry 

1 

• 1 2 3 1 2 3 
Tropical Weathering 
with Bleaching X X 
Old Peneplatns 1111th X X Bleached Horizons 
Young X X VD1,..anoes 
SubYolcantc X X Activities 

LIVI nows X X 
Postvolantc X X Ac:tivtttes 

Plutons X X X 
Pe9111tttes X X 
Hydnitherul 
Foruttons X X 
HctUCSJtiC X z.T. X RIXk!. 
Conllctaetaarphfc X z.T. X Rocks 
ReglOMl 
Hetaaarphlc Rocks z.T. z.T. 
Accentulltd X X Relief 
Jntf'a-Mollntain z.T. X Basins 
Lary: Sr1ben Structures 
Ftl ed with Sedfaents z.T. X 
Basins with X X Unifc!'III Subsidence 
Basins with Strongly X X ~lt.ematfng Subsidence 
Basins with X X X Flysch Sedl•nts 
Basins with X X X X n:111se Sedtants 
Silt Dbplr X Stnictures 
Areas with X X Stro<J folding 
Hi.M"Olf fau'.'~~ X X Areos 

Silt Springs 

Ol1r1cterlstt.: 
z.T. Recent Flora 

z.T. = partially applicable 
Source: Stein (19Bl). 

Gyps1111 Raw Lo,,-
and Haterlals Grade 
Anhydrite for Glass teraalc 
Rocks Industry Cllys 

1 2 3 ,. l 3 1 2 3 
xx X X X 

xx X X 

z.T. z.T. 

X X 

X X 

X z.T. 

z.T. X 

z.T. X 

X X 
-- -x X 

X X 

X X 

X X 

X X X X X 

z.T. X z.T. 

X X X X 

X X X 

X X z.T. 

X X z.T. 

z.T. z.T. X 

X X X 

X X X 

z.T. 

z.T. 

iltgh• 
6.T"&de Salt Useful 

Ce,·•lc Deposits Heavy 
Minerals Cll1•s 

1 2 3 1 2 3 1 2 3 
X X X 

X X X 

z.T. X X 

X X X 

X X X 

z.T. X X 

X X X 

z.T. X X 

z.T. X X 

X X X 

X X X 

X X X 

X X X 

z.T. z.T. )( 

?.T. :,.T. X 

X X X 

X X X 

X X X 

X X X 

z.T. X X 

X X X 

z.T. X X 

X 

X 

Karine Kaolin DI•· Cllys llalte 

1 2 3 1 2 3 
X 

X 

X z.T. 

X X 

X X X 

X z.T. 

X z.T. 

X z.T. 

X z.T. 

X X 

X X 

X z.T. 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

,x. X 

X z.T. 

X 

feldspars 
Ind Sulfur 
Mica 

1 2 3 1 2 3 
X X 

X X 

xx X 

X X 

X X 

X X 

z.T. X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X )( 

X X 

X X 

X X 

X X 

X X 

X X 

i 

' 

IQ 
~ 

I 
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Commodity 

Asbestos 

Bauxite 

Barite 

Boron 

Bromine 

Cement 

Chromite 

Clays 

Diamonds, 
Industrial 

Diatomite 

Feldspar 

Fluorsp.,ir 

Garnet 

- 95 -

Profile of Principal Mining and Processing Characteristics 
of Major Industrial Minerals 

Characteristics 

Mining Processing 

open pit and wet or dry; separation & classifl-
shallow underground; cation of fiber; relatively complex; 

usually open pit with crushing, washing & drying; 
moderate stripping relatively simple; 
ratio; 

open pit and under- wet or dry processing; crushing, 
ground; grinding, gravity separation, 

(flotation); moderately demanding; 

open pit; chemical refinery processbg; 
complex; 

brine extraction by chemica; refinery processing; 
boreholes; complex; 

quarrying, drilling & grinding, homogenizing, burning, 
blasting; clinker grinding; energy-intensive; 

moderately demanding; 

open pit and under- washing, screening, gravitv 
ground mining; separation, (flotation); classlfi-

cation for refractory grade; hydro-
metallurgical processing for 
c~emical grade; 

usually selective usually wet processing; crushing, 
open pit mining; blunging, classification, dewater-

ing; simple to complex; 

usually large-scale comminution, gravity separation, 
surface mining; hand· ;ortlng; 

usually shallow crushing, grinding, drying, 
open pits; (calcination); 

usually small crushing, grinding, hh~h-intensity 
open pits, selective magnetic or electrostatic sepa-
mining; ration; alternatively flotation; 
both open pit and handsorting, gravity concentration, 
underground mining; flotation; 

open pit, drilling & comminution, gravity separation, 
blasting; magni~tic aeparation, dewatering, 

heat-treatment; 

.· , 
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Annex 5.2. (continued) 

Commodity Characteristics 

Mining Processing 

Graphite 

Gypsum 

Iodine 

Kyanlte 

Lime 

Lithium 

Magnesite 

Manganese 

Mica 

Perlita 

Phosphate 

Potash 

usually selective 
underground mining, 
some SL1rface mining; 

predominantly open 
pit, some underground 
mining; 

borehole reco\·ery from 
subsurface brines; some 
open pit minh,g, 

open pit, herd rock 
quarrying; 

surface mining, 
quarrying: 

open pl t hard rock 
mining; borehole 
recovery of subsurface 
brines; 

hard rock open pit 
and underground 
mining; 

open pit and under­
ground, selective 
mining In small mines; 

usually smell-scale 
open pit and unrler­
ground mining; 

open pit mining, 
without blasting; 

surface mining 
usually dragllne, 
bulldozer, shovel, 
truck operation; 

underground rock 
mining; solution 
mining, brine recovery; 

handsortlng for amorphous gra­
phite; grinding & flotatinn for 
flake graphite; 

selective crushing and screening, 
grinding, calcining for some 
applic11t.ions; 

chemical ,•efinery process; 

crushin,., grinding, flotation, high­
intensity magnetic treatment, 
partly calcining; 

calcining In rotary or shaft kilns; 

commlnutlon, flotation, calcining, 
chemical processing; 

commlnutlon, flotation, heavy­
medla-separation, calcining or 
dead-burning in rotary kilns; 

washing, crushing, screening, 
gravity separation, flotation, 
high-Intensity 3eparation; 

sheet: hand-cobbing, splitting, 
trimming, classifying; scrap & flake: 
comminution & flotation; 

crushing, grinding, sizing, 
thermal treatment (expansion); 

crushing, screening, grinding, 
flotation; 

commlnutlon & flotation; 
dissolution & recrystallization; 
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Annex 5.2. ~ontlnued) 

Commodity Characteristics 

Mining Processing 

Pumice 

Salt 

Sand & 
Gravel 

Soda Ar.h/ 
Trone 

Stone, Crushed 

Stone, Dimension 

Sulfur 

Talc & Pyro­
phyl!lte 

Titanium 

Vermiculite 

Zirconium 

open pit mining of 
unconsolidated 
material; 

conventional under­
ground mining or 
solution mining; 
soler evaporation; 

open pit excavatlun, 
dredging; 

conventional under­
ground mining; solution 
mining; subsurface 
brine recovery; 

predominantly hard 
rock quarrying; some 
underground mining; 

quarrying by sawing, 
channelling end 
wedging; 

hot water subsurface 
solution mining; con­
ventional surface or 
underground mlnln!) of 
pyrites or brimstone; 

usually open pit 
mining, some under­
ground mining, drilling 
end blasting; selective 
mining; 

alluvial dredging; 
som:- open pit hard 
rock mining; 

conventional open pit 
mining with explosives; 

heavy mineral send 
dredging; 

Source: U.S, Bureau of Mines (1985). 

screening, milling, rotary drying, 
sizing, blending; 

brine formation, dehydrating by 
heat end vacuum; 

washing, screening, (crushing), 
screen classifying; 

calcination, dissolving in water, 
evaporation & crystellizetion, 
centri fugetion; 

crushing end ~creen classification; 

smoothing, polishing, edging, 
decorating; 

roasting & conversion of sulfur 
dioxide gas; melting, destilletion, 
agglomeration, flotation, solvent 
extraction; 

crushing, grinding, air separation, 
high-intensity magnetic separation, 
micro-grinding; 

wet gravity separation, drying, 
electrostatic ~eperation, high­
intensity magnetic separation; 

crushing, wet screening, air­
gravity classification, fluid-bed 
drying, screen-grading; 

wet gravity separation, electro­
static & electromagnetic pro­
cessing, drying, grading; 
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Grades and Concentration Factors of lndust.rlal Minerals 

I l>'Pical Gra.Je of r.0.1. On I Mr1g1 I Errde of narhlabl, Product I Ca n c I n t r 1 , i o n F I c t o r I 
I ················-··········! nineral I ···················-·-····1····-····································1 
I C.nl1nl I I I Rttov,ry I C.ntont I I I I I arllhaotlc 
I npr, 111 1,.., I upper 1 · Ill I npr, HI 1 ... , I opptr I lowr I upper I ,,mg, , ________ ,I 1 ___ 1 ___ 1 I 1 ___ 1 ___ 1 I I, ___ _ 
I I 6,1E•6 I l.lE-6 I 99 I I IIO l . Ill I mnm.7 I lll4l94l,2 I 227l865),4 
I I l I I I I I I I 

Di1aond1• Jndu1tri1I 

lodin, I l lodlntl 1,111 I 1,12 I ID I l lodlnel 9M I ~M I 921.l I l6851,9 I 18886.6 

Zirconlua 
Bro1in1 

IMll1 
Rare Eartha 
ll11nit1 

Hitrat11 
Gr•;'hit1 
:itbeatos 
Boron and Bont11 

tlica 
Pho1ph1t11 
Flouuptr 
Gunet 
Sulphur 
Sodlu1 Cirbonala 
Nan51n111 
Lithiua RIN '1ilhri1l1 
S.rit, 
Potnh 
Ueraiculit1 
Di1toait1 
lloll .. tonite 
Kyan1t1 & R:al1t1d ttin, 
n.gnHill 
Fold,p.r 
Stone, Di•ntion 
Strontiua 
Sodii• Su1l1t1 
Chroaite 
S.udh 
Tole <nd Pyrophyllih 
CrlOnl 
Olivine 
Cl1ye,, Cc.aaon 
Kloiin 
Ptrlit, 
Gypaua an!! Anhydrit1 
Solt 
Silicon 
Sand ond Gro111l 
Li•1ton1 & Dotoait, 
Puaic, & Rll1lld ffin. 
Silica, Ind, Sand 
Stano I Crulhed 
ikntonite 
Nr,l>oli .. si,... .... 
OJtrlz Cr~t1l 
C.ruoduo ond E..rv 

I I I I I I 1 I I I 
I l Zr112 I D,2 I 2 I II I I Zt112 I 15 I 16 I 416,l I 412.5 I 

l Br2 I 1.16 I 1,1 I II I I Br2 I ff,5 I ,t,9 I Ill.I I 69l,8 I 
I I I I I I I I I 

l Till;; I I I 50 I ID I l Ti112 I 54 I f7 I 1,4 I 121,l I 
I RED I 1 I ll I 81 I I RED I 55 I 71 I 2,l I B1,5 I 
I TIO'I I 1 I 51 I II I I Tl112 I 54 I 6D I I.~ I )U 

I I I I I I I I 
I 51 211 851 I 981 981 UI 

IC I 5 I ll I 85 I l C I 8D I 19 I l,1 I 
I IVA I IVA I IVA I I IVA I IVA I 10.0 I 

lB20ll 61 411 !lllB20ll 911 991 2.5 
I I I I I I l 
, • I • I 51 I I • I • I 7,1 

l PW; I 4 I 18 I 71 I l P21!5 I ll I l4 I 2.4 
l tof2 I Ii I ID I 79 I I W:Z I 8D I 98 I 1,l 

I II I 8D I 8D I I 9D I 9S I 1,4 
l S I II I SI I 85 I l S I 85 I 99.9 I 2,0 
l Ho2COl ID I 8D I 9D I l Ho2COll 99,2 99.9 I 1.4 

2,.1 
2),) 

16,2 
18,) 

10.S 
12,1 
12.4 
11.9 
10,7 
11,1 

lit, Ill !DI Bllllti I 74 851 1,9 :0,61 
l ll20 I I 2,8 I 7t I l li20 I 4 7 I 2,0 10,1 I 
'81Sol4 10 I 95 I 91 I l BoS04 I f4 98 I 1,1 10,9 I 
I IC20 7 I )5 I 86 I I IC2D I 41 6D I 1,l 10,1 I 

21 I ll I 71 I I 91 95 I 4,l 6,8 I 
• I • I IVA I I • I 2,1 5,2 

21 I 61 I 85 I I ID 91 I 1.6 I 5,l 
• I • I IVA I I • I 2,1 I l,6 
• I • I Ill I • I 2.5 I l,I 

ll I 71 I 91 I Ill Ill I 1,1 I l,7 
I • I • I II I I • I 2,D I l,I 
I l StS04 I 51 I ID I 74 I l StS04 I 91 97 I 2,1 I 2,6 
I l Ho!S041 !5 I 75 I 9t I l Ho2Sll4I 90 99 I l,l I l,I 
llCr2Dll 171 551 85llCr2Dl1 ll 481 1,11 l,l 
I l A12Dl I 41 I U I 90 I l AIW I Bl 19.5 I 1,5 I 2,8 
I I • I • I 95 I I • I 1,5 I 2.8 
I I • I • I • I I • I • I 1,7 I 1,8 
I I • I • I IVA I I • I • I 1,4 I 1,8 
I I • I • I 95 I • I • I 1,1 I 1,9 
I I • I • I 95 I • I • I 1,1 I 1,9 I 
I I • I • I IVA I • I • I l,l I 1,5 I 
I l CrS!ll I 71 I 95 I C~ I l CrS04 95 I 95 I 1,2 I 1.6 I 
I l HoCI I 95 I 99 I 9D I l NaCl 99 I l'l,99 I t,\ I 1,2 I 
I lSi112 I 95 I 99 I 95 I lSi112 98 I 99.9 I 1,1 I I.I I 
I I ·I •I 951 •I ·I 1,01 1,11 
I I • I • I \lS I • I • I 1,1 1 1,1 I 
I I • I • I IVA I • I • I 1,1 I 1,1 I 
I I • I • I 9S I • I • I I.I I I.I I 
I I • I • I 95 I • I • I 1,1 I I.I I 
I I • I • I 95 I • I • I 1,1 I 1,D I 
I I IVAI IVAI Ill IVAI IVAI IVAI IVAI 
I I • I • I IVA I • I • I 1111,1 I IVA I 
I I •I •I IVAI ·I •I IVAI IVAI 

61,l 
«.9 
l8,2 

14.4 
ll,2 
ll,I 
10,4 

8,B 
7,) 
6,8 
6,6 
6,) ,.2 
6,2 
6,D 
6,D 
5.6 
5,5 ,., 
),4 

2,9 
2,8 
2,6 
2,5 
2,) 
2,2 
2.2 
2,1 
1,8 
1,8 
1,6 
1,5 
1,5 
1,4 
1.4 
1,1 
1,1 
1,1 
1,1 
1,1 
1,1 
1,1 
1,1 
IVA 
IVA 
IVA 

--------·' I I I I 1_1 1 ____ ,I ____ , 

Note: Concentration factor=Ratio of processed ore per unit marketable 
product (tons/ton); 
N/ A=not available 

Sources: U.S. Bureau of Mines (1985); Lefond (1983); Weiss (l9l:l5); 
Harben and Bates (19B,~); Cummins and Given (l 973). 
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Survey of Salected Industrial Minerals Mini! & P!ant Projectu In 
Planning or Development Stage or Rec&ntly Completed 

Commodity/ Capacity Type of ProJ,ct/ lnv11lminl 
Loc1tloo ••• Scheduled Start .. up u.s. ' 

ASS.CSTOS 
BlrJ1nd/lran 0,400 mlo plant/19BB 1£2,Dmlo 
Sudat, 011 m\o mine & t-onc.nlralor/n. •• J151Dmlc. 

8AAITE 
Oourak1kl/Gr.hon o,o:somlo mlne/1986 1210 mlo 

BAUXITE 
P1r1/8r1zll 410mlo open pit mlne/19B8 256 10 mlo 
Almerlon/BrHII 01 1 mlo open f,ll mlna/n. •• 40,0mlo 
La Braque/rrance O,Jmlo mine n.1. 116mlo 

BORON 
Klrka/Tutkey 0 1160 mto dl!rlv1llvt1 plant/1984 20,0mlo 

nUORSPAR 
Nfld,/C1n1d1 o,oa mlo mlno/l'JB6 4,0mlo 

GYPSUM 
North v ... nen o,oe~ mlo mine & ptant/19B6 71)mlo 
V1fr1n/Llby1 0,200 mlo• 

o,,oomlo mine & plant/1980 40 10-50 10 mlo 
11.M£NITE 
CoolJ1rloo/Autlr1lli1 012mlo mlne/n. ,. 115mlo 
C1pel/Auatr1ll1 01 1 mlo mine & concantrator/l98B 65 10 mlo 

lN>, DIAMON)S 
Blrum Rlver/Chat'la 1,0mlo mine & plant/iS87 :010 mlo 

car1t1 
Sierra Leone 012/a mlo 111deroroood mln'l/1986 14010 mlo 

carah 
Transvul/S. Africa 61Dmlo mdergroood mlne/1988 112,D mlo 

cant, 

l<ACLIN 
Pugu/Tanzanl• 0,110 mlo r.o.m. 

o,oJ&mlo 
mlrw & plant/1989 15,0mlo refined 

Ul'HRJM MNRALS 
Antof1ga1t1/Chlle l~D mlo production ll'llt/1784 40,0mlo 

ib year 
Ll•Carbonltt 

MANGANESE 
Marabl, Brull 0,4 mlo open pit mlra & plant/ 200,0mlo 

1986 
Nwte/Ghana O,t3mlo mlne/1907 301Dmto 

MICA 
SllllnJMrvl/Flnlond 0,010 mlo plont/lffl 218mlo 

PHOSPHATE 
Goln/Brtzll 0,620 mlo t.naflclatlcin plent/198J 14010 mlo 
MlnJlngo/ Tanzania D11D0m1o _. pit & plont/lHZ 19,Dmto 

concentrate 
Rock Sprln;t, U.S.A.. 0 155 mlo 

fertilizer 
ffilrw & plent/1986 250 10 mlo 

Hlzare, Pakl1tan 0 12D0m1o rnlrw U. plMt/1986 19,0mlo 
Sri Lanka 01600mlo rnlrw & plant/1~7 80010 mlo 

l"l'.ITASH 
f"eundlnke, BrHII 1510 mlo mine & plonl/1986 60010mlo 
Mc Aul•i', C11n1dl 210 mlo mine & plMt/1.986 60010 mlo 
New Brootwlc:k/Can. 1,J mlo I.Ml:~ mlra/1985 220 1Dmlo 
S.rglpt SUte/BrHll 0,600 mlo KCL mlrw & plant/1985 300,Dmlo 

SODA ASH 
GrHr. River, U.S.A.. 1,Dmlo aalutlon mlM/1986 ,0010 mto 

!U.PKR 
Amphlpall1/CrHH D,B&O mlo p!'lffl./n. •• 188,D mlo 

IU!phurlc acid 
AIJUIUtil/Portugal 2,Dmto mlrw & c:onc:enlntor/n. •• ,D,Dmlo 

pyrites 
Chlgal/Peklllln D1DOJ mlo pl1nt/n. •• 0 1&mlo 

mANIUM 
Telpael/T11lwan o,o&o Tloz plant/1988 1'0,D mlo 

Source: E&MJ International Directory of Mining (1986); Industrial 
Minerals (1982-1986); Mining Annual Review (1986). 

I 
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Annex 6.1. Extent of Overcapacity In World Industrial Mineral Production 
According to U.S. Bureau of Mines 1985 

I mo b£IWll I mo ClfAC ITV I O\O!Ct4'AC ITV 
l'illllAllE -

I l!IPOTl£TICIL r<.M IE 
ClfflXJIIY I 1981 IIODD all I 1181 IIDDD 1tl I l!BI 11000 ctl ' rmw, GRMH RAT! , I IIEIWll • CU'ACITY IWNiCI: 

I I I _, 
Gnphlh ~7J.4 I 644,1 I 7D,8 11,Dl 1,11 I 1911 
r,ldsp,r lll8,1 I l"1,7 I m,6 11.,, 1,DI I 1116 
Lithlu• Raw Hat,ri1l1 7.4 I 8.41 l,D 12,l~ 4.11 I 1986 
Iodine ll,8 I 16.I I 2,2 ll,9, 2,!I I m~ 
Talc, Soapstone, Pyrophylllh 6852,11 804.1,9 I 1194.8 14,81 l,DI I 1987 
Ch)'I 418219,2 I 412619.6 I 74l!D,4 11.1, l,11 I l!B9 
Hin, Scup 1nd Fhk1 2l6,8 I 281,2 I 44,1 11,81 D,71 I me 
Gw1u1 & /rlhydrlte 778!7.8 I Hm., 15lll,1 16.61 2.1, 1111 
Liaa IDBD9D,2 I 12972?,6 216l9.4 16,7' l,11 l!B9 
Sodlu• Cubanat.a (natural & 1~th1llc) 29DlD,4 I mao.a 6)50,4 17,H I l,11 mo 
Pot11h 26619,D I l24.ID,D IB41,D 1e.o, 2,91 mo 
21rconiu• l61,l I 4411,2 87,1 19,4, l,!I l!B9 
Cuent 92ll44,D I mmu 228614.4 11.e, l,11 1911 
Boron m.o 1 1119.4 74!., 20,51 u, 199l 
S.lt 16lDl2,9 2DID27,2 41994,l 20,11 l.41 1911 
Sand and Graw l 71668BO,O 9D720Dl,I l9Dl12D,D 21,DI 2,BI 1992 
Di1to11t1 llD5,l 1618.l l72,9 22,21 l.21 1911 
Corundu11 18.8 2U l,6 2l,Dl 2,D\ 1997 
Silica, lnduatrial Sand 181440.0 2lSB72,I l«l2.I 2l,II 1,71 1999 
01»,naion Stone 11575.9 llDl9,I l48l.6 2l,II l,BI l!BB 
Pho1~h1te:. llSODO.O 17l0DO.O 40800,D 2l.21 l.61 1991 
SUiphur mn.o 65800,0 lll21.0 2l,ll l.~ 2004 
V.raiculite 449,1 IB9,7 ,40. 6 2l,81 2.61 1994 
DiallOnds, Industrial D,007 0.119 a.~~ ~.8' I 2.11 1996 
Strontiua ll.5 72,6 19,1 26,ll I 2,D\ 1999 
Cru1h1d Stano 26lDBB0,0 l62BBDD,D 997920,D 27,5' I 2,!I 1116 
Broair.e l60.9 498,9 llB.D 27,71 I 1.01 2017 
Flounpar 4243.0 ms., 1662.9 2a.2, I l,DI 1995 
Barile 5122,1 mu 2202,7 28,5' I 2.21 1m 
Sil icon 1994.! 2BDl.4 806.l 28,811 2.71 1116 
Asbntos 41!7.0 5890,D 17ll,D 29,411 I 4,11 1991 
Rare Eartha l6,l 52.6 16,l lt.al I 2,61 l99B 
Jlaoni It 1287.l I 1889,7 602.4 ll,9' I 6.21 1991 I 
~n~1neH 798l,4 I 1179l.6 lBIG,2 l2,l' I I.II 2010 I 
Chroaih 2490,l I l81D,2 ma.a JUI I UI 1996 I 
Rutil, 181,1 I m.a 127.9 40,H I ,.2, 199l I 
Sarne I 40,I I 6B,l 28,2 41,ll I 2.~· 2009 I 
iCy..nile &. Reht1d Ninar1le l62.9 I 626,G 26l.l 42,e. I l.o, 2DD2 I 
t1ic1 1 9ieel 6,2 I ll,7 7.l !4.61 I •2.21 I 

I I _, 
Source: U.S. Bureau of Mines (1985), 
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Commodity 

Asbestos 

Barlte 

Bauxite for 
non-metal use 

Boron 

Bromine 

Chromium, for 
Ncn-Metel Use 

Cla)•S 

Corundum & 
Emery 

Diamonds, 
Induotrlal 

Dletomlte 

Feldspar 
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Obsorvatlons on Recycling, Substitution and Long-Term 
Adequacy of Supply 

Recycling & 
Substitution 

no recycling potential; 
no Immediate oubstl­
tutes; 

partly reused In use as 
drllllng mud; can be 
replaced up to 20 % by 
weighting agents; 

no recycling potential; 
limited substitution 
possible; 

no secondary recovery 
end reuse; very little 
substitution posalble; 

5 % ri,covered and re­
used In U.S.A.; can be 
pertly substituted by 
chlorine, Iodine, 
borates; 

susceptible to substi­
tution In refractories 
& chemicals; 

no recycling potential; 
substitution possible; 

substitutes ere avell­
able for all uses; 

Adequacy of Supply 
until 2000 

adequate supply assured, r.o scarcity 
anticipated; 

known supply limited to 25 times 
world production; future scarcity 
cannot be ruled out; 

known reserves adequate to meet 
cumulative demand well beyond 2000; 

supply capacity Is adeqJate until 
2000; 

reserves large and adequate for many 
years; 

reserves ore adequate to meet high 
forecast world demand; 

reserves more then adequate to meet 
cumulative demand; 

reserves easily accommodate cumu­
lative demand; 

substantial quantities supply assured both for natural & 
are recovered from In- synthetic diamonds; 
dustrlal waste; less effi-
cient substitutes ere 
possible In most appli-
cations; 

substitutes available In 
most applications; 

Secondary utllh:atlon In 
recycled glees; substi­
tutes are nephellne sye­
nlte, talc, pyrophylllte; 

world reserves ere more then 
adequate; 

widespread occurrence, no re­
source shortage expected; 
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Annex 6,2, (continued) 

Commodity Recycling & 
Substitution 

Adequacy of Supply 
until 2000 

Fluorspar fluor-chemlcals serve world reserves adequate 
as secondary resource; through ~000; 
llmlte-:1 aubstltutlon 
poosll:lie; 

Garnet both natural and syn- world reserves are adequate to 
thetlc substitutes are meet demand through 2000; 
available; 

Graphite no uecondary sources world resources are Immense 
or recycling; sub- and can meet cumulative demand 
stitutes In some appll- for centuries; 
cations exist; 

Gypsum 25 % of consumption Is resources are \•lrtually unllml-
recovered as byproduct ted; current world reserves are 
from chemical opera- adequate tu meet cumulative 
tlons; demand for forecast period; 

Iodine small quantities re- estimated reserves are several 
covered as byproduct; times cumulative demand 

through 2000; 

Kyanlte substitutes and alter- an ample supply exists, sufficient 
nate materials are avail- through forecast period; 
able for all products; 

Lime & Cal- due to low unit value, current world resources are more 
clum Compound1 there Is no substitution than adequate to meet demand; 

pressure; 

Lithium cannot be substituted In world reserves ere quite ade-
certain medical & cera- quete to supply cumulative 
mies appllcatlone but In demand beyond 2000; 
some other uses; ,. 

Magnesium, can be substituted In reserves are ample to meet 
Non-Metal refracto~y application demand beyond 2000; seawater 

by kyanlte, alumina, provides additional resources; 
chromite; 

Manganese substitution In chem!- reserve quantities are more 
Non-Metal cats & batteries poaslt:!e than adequate to meet long-term 

but limited for econo- supply; 
mlc reasons; 



Annex 6.2. (continued) 

Commodity 

Mica 

Perllte 

Phosphate 
Rock 

Potash 

Pumice 

Rare Earths 

Salt 

Sand & Gravel 

Soda Ash 

Recycling & 
Substitution 

- lOJ -

m1my substitutes era 
a•1allable except for 
tile very high-quality 
rheet mica In electro­
nic uses; 

can be replaced by \'er­
mlcul!te & lightweight 
aggre•gates In insulation 
appll•~atlon; competltl\'e 
matarials exist In other 
uses; 

no substitute In agrl­
cultur~l application, 
yet tendency for re­
duced use In deter­
gents; 

no substitute In ferti­
lizer application, can 
be replaced In Indust­
rial uses; 

potential substitution 
by competitive 
materials exists for 
all end-uses; 

~ubstitutes are avan .. 
able In many appiica­
cations, but usually 
significantly less 
efflcl,ent; 

may be substituted In 
some applications, e.g. 
deicing; 

can be substituted by 
crushed stone 

can be substituted In 
some applications, but 
usually at a higher 
price; 

Adequacy of Supplv 
until 2000 

world reserves of sheet and 
llake mica are sufficient to 
meet demand through 2000; 

world reser~es are adequate to 
meet cumu•lative demand 
through forecast period; 

estimated world reserves appear 
adequate to meet demand 
through 2000; 

cumulative demand until 2000 
can be supplie:::! by world reserves; 

data on wcrld reserves are 
Insufficient, yet no suppl.y 
vhortages are expected; 

world reserves are much greater 
than cumulat\ve demand through 
2000; 

adequate resources exist to 
meet cumulative global demand 
In forecast period; 

deposits exist In virtually all 
countries In sufficient quanti­
ties .to meet foreseeable demand; 

possibility of synthetic production 
utilizing salt.& limestone Is vir­
tually unlimited; 



Annex 6.2. (continued) 

Commodity 

Stone, Crushed 

Sulfur 

Talc & Pyro­
phyllite 

Titanium 

Vermiculite 

Zirconium & 
Hafnium 

Recycling & 
Substitution 
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recycling of concrete 
Is !"creasing In i:eses 
of local scarcity; send 
end gravel ere inter­
changeable with crushed 
stone; 

Adequacy of Supply 
until 2000 

resources ere·virtually un­
limited and adequate to meet 
demand beyond forecast period; 

subject to substitution present world reserves ere barely 
es a process chemical; adequate to meet anticipated 
distinct ed\'entage is demand to 2000; 
byproduct steam produc-
tioni 

shift toward alternate 
materials possible In 
insecticides, cosmetics; 
but production is among 
the least-energy 
intensive; 

reserves workable at moderately 
higher prices ere adequate to 
meet cumulative demand to 2000; 

synthetic rutlle is pro- ample reserves exist to meet 
duced from beneflciated cumulative demand well beyond 
Ilmenite; 2000; 

alternate materials 
Include perllte end 
synthetics; 

competing materials in 
foundry use ere 
chromite sand, olivine; 
more then SO % may be 
recoverable in foundry 
eppllcetlon; 

although world reserves ero more 
then adequate to meet demand 
to 20001 supply is highly 
concentrated; 

world cumulative demand to 2COO 
is equivalent to 2:5 % of estimated 
world res:irves; 

Source: U.S. Bureau of Mines (1985), 
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AIV18X 6.3,' Probable Average Annual Growth Rates of World Indus~rlal 
Minerals Demand from 1983 - 2000 

I \ llorld Deunl in I Probable awrag• a111111l 
I co .. m9 I 1983 [1000 all I grolllh rat, 1983 - 2000 

'- I _, 
I Quart, C~9'\1l I 10,1 I 6.7\ 
I Rulile I 320,0 I 6.8\ 

Xlaeni\e I 2260.0 I 6,0\ 
I I 

Stone (Dinensionl I 11575.9 I s.B'l 
Zirconi .. , H1fniU11 (All U,e,ll 692,0 I 5,6\ 
Talc an! 1'9roph9llite I 6640.0 I 5,0\ 

I I 
Chroaite (All Uoeol I 3450.0 I 4,9\ 
A,b .. to, I 4180,0 I 4,5\ 
Li\hi .. J!ew H,t,ri1l1 I 7,4 I 4,5\ 

I I 
Bawci\e I 5217,8 I 3.7\ 
rho,phat,, I 9~690.0 i 3,6\ 
Sdt I 161110,0 I 3,(\ 

Su\plllr I 32890.0 I 3.4\ 
Diatooite I 1513,0 I 3,2•, 
Nitrate, I 622.5 I 3.2\ 
Cl•!" 1 eo..n I 391118.2 'I · 3,1\ 
Sodi1111 Carbonate I 7400,0 I 3,1\ 
Liae I 110628,0 I 3,1\ 
Coaent I 914822.0 I 3.1\ 
Per lite I 1307 .0 I 3.1\ 
t91nite, J!elated Hin, I 362,9 I 3,0\ 
Flounp,r I 4220.0 I 3.6' 

I I 
Po\a,h I 26608.0 I 2,9\ 
Sand an! Graw! I 716~880,0 I 2,8\ 
Silica, Ind. Sand I 181440,0 I 2,8\ 
Silicon I 1594,9 I 2,7\ 
Iodine I 12,5 I · 2,6\ 
lien Eu\ho I 36,3 I 2,6\ 
Stano (Croahedl I 2630880,0 I 2,6\ 
Uereiculi\e I 447,2 I 2,6\ 
Pllllice , 1111&\ed Hin, I 11254,0 I 2,5\ 
Gypsm1 ' Anhydrite I 78357,0 I 2,5\ 
Garno\ I 36,4 I 2,5\ 
Diuands 1 lnduo\riel I 0,007 I 2,5\ 
Boron I 2200,0 I 2,4, 
Bori\e I 5470.0 I 2,2'.; 
Corundua I 18.8 I 2.0~ 
Stron\iua I 136.9 I 2,1\ 

I I 
l:.ery I 58,0 I 1.8\ 
Graphite I 620,0 I 1,5\ 
Hanganoae (All Uou l I 8250,0 I 1,4\ 
Feldsrar I 3830,0 I 1,0\ 

Broaino I 358,0 I 1,0\ 
Hagne,ite I 11370.0 I 1.0\ 

I I 
Hie, (ground , dalPinahdl I 249,8 I 0,7\ 

I I 
Hie, <Shettl I 6,2 I -2,2\ 

Source: U.S. Bureau of Mines (1985). 



Annex 6,4, Actual vs. r,rojected Demand Growth Rates of Industrial Minerals 1973-1983 

' ll::'il.O IIElWl.) I PROJECTED A\IEAA,E !HtW. I ClictlATED mo I AC!lW. mo llEIWI) I DEUIATIIH I PROJECTED IJS. AClli'l. IUIW. C!IHXJITY I 1973 11000 •ll I GR!IITH-RATE 1973 - 2000 I IDW() 1983 UOOO •tl I 1983 uooo •ti I 11000 •ll l I 6R!lffil-RATE 1973 - 1983 
I I I I I Diato11ite I 1287.J I 6.2, I 2J49.l I IJD5.5 I -100.8 -eo.u, I 6.2, 0.1' Solt I 154662.2 I 5.e, I 271794.0 I 161012.9 I -IOB761.l -66.7' I 5.e, 0.5l Lithiu• Raw "8terial5 I J.5 5.5, I 6.0 I 7.4 I , 1:~ 19.4' I 5.5% 7.8' 

Phosphates I 98010.0 5.4' I 165814.9 I 135000.0 I -30814.9 -22.0l I 5.4' ).1' Veraiculite I 498,I 5.1, I 819.0 I 449.1 I -370.0 -82.4' I 5.1, -1.0, 
Kyanite & Related nineral5 I 285.8 5.o, I 465.5 I 162.9 I -102.6 -28.1' I 5.o, 2.4' Broaine I 267.6 5.8' I 05.8 I 160.9 I -74.9 -20.E'i I 5.o, J.a, Rulile I 174.6 4.5, I 271.l I 185.1 I -86.1 -46.5, I 4.5, 0.6, Uaenite I 12JJ.4 4.5, I 1915.4 I 1287.J I -628.l -48.8, I 4.5' 0.4% Flourspl!r I 4807.3 4.4' I mu 1 4243.0 I -1151.4 -74.3l I 4.4, -1.2, Feldspar I 27,<7.D 4.4, I 4256.I I m8.11 -717.9 -21.0l I 4.4' 2.4, 
Diaonth, lndi:striaI I HIA 4.2, I HIA I 0.007 I HIA HIA I 4.2, HIA Barca I 995.2 4.2' I 1501.7 I 9)8.D I -m.7 -60.1, I 4.2, -o.6, 
Tile, Saap:;tone, Pyroph~llite I 5404.2 ).8' I 704;·.o 6052.1 I -994.9 -14.5' I J.8, 2.4' Silicon 1m.2 3.7' I 2555.8 1994.9 I -560.8 -28.ll ).7' 1,2' 
Sodiua Carbonate (natural & synthetic) 21368.2 ).7' • 30n9.4 29030.4 I -1699.D -5.9' ).7' 1.1, • Rue Eartha 26.J I J.7' )7.0 16.J I -1.5 -4.1, ).7' 3.1' I I 6orn;t 24.D '"'' 34.2 40.1 I 5.9 14.6l '"'' 5.2' I ... Graphite ;16.5 J.51 m.1 573.4 I 42.l 7.4' J.5l u, I 0 

"' Blrite 4486.1 l.51 6328.1 5522.1 I -1106.D -14.61 J.5' 2.1' Sulphur 48198.0 l.51 67988.I mn.o 1 -17516.1 -34.7' 3.5, D.5l PalHh 21147.0 J.5l 29BJO.O 26619.D I -J211.I -12.11 J.5l 2.3' Send Ind Gravel 616896D.D 3.5' 8701915.0 7161880.0 I -1515155.D -21.4' J.5l 1.51 ladino 11.2 l.1' 15.4 IJ.8 I -i.6 -12.n ).;1 2.11 Crushed Stone 2n1m.o 1.21 Jn9245.2 26311180.B -11981!5.2 -41.7' ~.2, -1.3' 
Asbe,tos 4186.0 3.2'1 5115.B 4157.0 -1578.8 -18.ll ;.2, -e.11 Zin::oniua 281.2 2.~ 174.l 361.1 -IJ.2 -l.7' 2.911 2.5' llongane,;:, . 9707.0 2.8' 12794.4 7981.4 -4811.1 -60.1' 2.:i. -1.91 Oiroaite 1999.5 2.8' 2615.4 2490.3 -145.1 :5.n 2.81 2.2' I 
Ce•nt 702Jn.8 2.7' 916512.1 925l4U 8811.9 I.ft 2.7' 2.8' I Carunt!ua 10.4 2.7' IJ.6 18.8 5.1 27.Q 2.7' 6.ll I 
Li• 107458.7 2.61 IJ8904.4 108090.2 -)0814.2 -28.5' 2.6il 0.1, I Clays 526176.0 I 2.1' mm.5 ,18219.2 -242105.l -57.9' 2.3' -2.3' I CW••• & l't>hydrite 61514.5 I 2.1, J5D09.9 77817.8 2827.9 l.61 2.1, 2.4' I 
Strontiua 98.2 I 1.6t 115.1 53.5 -!1.5 -114.91 1.6' -5.9' I 
nica, Scrap and Flake 229.5 I 1.5, ~66.4 216.8 -29.6 -12.5' 1.5' 0.1' I 
Diaension Stoni, 2Dl6B.5 I 1.Ll I 22499.5 I 11575.9 -10921.6 -94.4' I 1.0, -5.5' I 
Silica, Industrial Sand 190512.D I HIA I HIA I IB14'!D.O HIA HIA I HIA -0.5l I 
nica, Sheet 8.4 I -4.6t I 5.J I 6.1 0.9 15.21 I -4.6, -l.8t I 

I I I I I 
Sources: U.S. Bureau of Mines (1985); '..J.S. Bureau of Mines (1975). 
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Annex 7.1. Developing Countries with Favorable Market Conditions for 
Industrial Mir,er·als Sector Growth 

Population Area In A \'Braga annual 
Country mid- 198:S 10• km' growth rate of GNP 

(millions) per capita (1965 - BJ) 
In% 

Low lncoms 
Economies 

Burma J5,5 677 2,2 
China 1019,1 9 561 4,4 
Sri Lanka 15,4 66 2,9 
Kenya 18,9 58:S 2,J 
Pakistan 89,7 804 2,5 

Lower Middle-Income 
Economies 

Indonesia 155,7 1919 5,0 
Egypt 45,2 1001 4,2 
Morocco 20,B 447 2,9 
Philippines 52,1 JOO ?,9 
Nigeria 9:S,6 924 :s,2 
Thailand 49,2 514 4,J 
Turkey 47,J 781 :s,o 
Colombia 27,5 11:S!/ J,2 

Upper Middle-Income 
Economies 

Malaysia 14,9 JJO 4,5 
Brazil 129,7 8 512 5,0 
Korea, Rep, of 40,0 98 6,7 
Portugal 10,1 92 :s,1 
Mexico 75,0 197:S :s,2 
Algeria 20,6 2 J82 J,6 
Yugosl11vla 22,B 256 4,7 

High-Income Oil 
Exporters 

Saudi Arabia 10,4 2150 6,7 

Source: World Bank (1985). 
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Class 

10 
9 
B 
7 

6 
5 
4 

3 
2 
1 

-
-112-

Cla~·sl flcatlon of Developing Countries According 
to Their Geological Potential 

Country Ranking according to C,E, Michener (1969) 

M•Jxico, Brazil 
Indonesia, Namibia, Zimbabwe, Angola, Mozambique 
Argentina, Chile, Congo, Philippines 
Ethiopia, Kenya, Tanzania, Nigeria, Saudi Arable, Turkey, 
India, Pakistan, Burma 
n.a. 
n.a. 
Surinam, Ct>te d'Ivoire, Libya, Sudan, Tunisia, Iran, Iraq, 
Jordan, Kuwait 
Guinea 

n .a, not available 

10= positive 
l= negative 

Class Country Ranking according to G, LUttlg (1978) 

1 Bolivia, Brazil, Madagascar, Malaysia, Mexico, Papua New 
Guinea, Peru, Zambia, Theliend, Zaire 

2 Angola, Argentina, Chile, Botswana, Dominican Republic, 
El Salvador, Guyana, Colombia, Congo, Mozambique, 
Nicaragua, Philippines , Zimbabwe, Surinam 

3 n.a. 
4 n.a. 
5 Afghanistan, Benin, Bhutan, Guinee--8issau, Yemen (AR), 

Yemen (PDR), Cape Verde, Comores, Malawi, Reunion, Sene­
gal, Sudan, Tanzania, Tched 

6 Bangladesh, Djibouti, Meli, Niger, Upper Volte, Somalia 

n,e, not available 

1= excellent gE>opotentiel 
2= very good geopotentiei 

Source: Brixel (1985), 

5= low geopotentiai 
6= very low geopotentlei 

ca .J 
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Annex 7.3. Clnsslflcation of Developing Economies According to 
Po\itlcal Investment Climate 

Economies BI-Classification Y (Jegeler et al. 1982) 

Hong Kong 
Singapor 
Taiwan 
Chile 
Mexico 
Malaysia 
Brazil 
Kenya 
Colombia 
Tunisia 
Saudi Arabia 
Venezuela 

Libya 
-Thailand 

Nigeria 
Iraq 
Liberia 
Zaire 
Tu.-key 
Iran 

100= maximum stability 
!/ Modified lnd!lx of Business International Corp. 

98 
95 
BB 
85 
BO 
79 
79 
79 
78 
77 
77 
76 

63 
61 
57 
56 
54 
51 
49 
33 

Political Investment Climate it Economies (Coplin et al. 198,) 

Good Taiwan, Cameroon 

Medium Mexit.10, Turkey, Rep. Korea, India, Egypt, 
Vene·;!uela, Pakistan, Indonesia, Malaysia, Jamaica, 
Chil!:,, Zambia, Costa Rica, Zaire, Peru, Ecuador, 
Morocco, Philippines, Colombia, Thailand, Tunisia 

Poor Iran, Argentina, China, Brazil, Algeria, Zimbabwe, 
Dominican Republic, Bolivia, El Sslvac'-:1r, Nicaragua 

Y According t.o Frost and Sullivan's WPRF-System 

Source: Brlxel (1985), 
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