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ABSTRACY. -

The paper presents a sub-sectoral review of industrial
minerals as a significant commclity category within the extractive
sector. Industrial minerals are a diverse group of commodities that are
esgential in the process of economic development due to their
multiplicity of industrial end-uses, a fact from which they derive their
designation. Llocal and regional demand prcspects for industrial
minerals are highly dependent upon population size, GNP per capita and
their respective growth rates., 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
materlals and chemical minerals will be required in large voluris by
LDC's already in the early stages of industrial development while most
other industrial minerals will be consumed in increasing quantities only
as economles 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 1 clude
the execution of national industrial minerals inventories, the 4 sign of
long—~term concepts in Tesource management and land-use planning, and the
creation of a policy environment suitable to encourage local
entrepreneurd 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 sttention on the role of industrial
minerals in domestic and international markets and on their potential
for import substitution anl export.

Taking into account the large numher 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 cddresses constrailats regarding implementation and
operating requirements and gives an wiitlsok on future prospects and
developments of the industry. With a special focus on the LDC's, it was
intended to glve a technical overview of this significant part of the
mining industry which, because of its fragmented and diverse nature
ineluding a diversity ef 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 aspects and will have to be dealt 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 operatioms.

No attempt has been made to specifically address energy related aspects
in the industrizl 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 should) however, be noted that the treatment
of most industrial minerals doesngt include such highly energy
intensive processes like roasting,' smelting and refining, which are
common for metallic minerals.

As to the environmental and pellution aspects, they are very similar in
nature to those assoclated with other 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 impacts 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. F¥inally, atmospheric pollutior as it
occurs in the burning of coal or the smelting of metallic orec is of
much less inp~ ‘tance.

In general, industrial minerals should be viewed like, and are very
similar to, metallic or fuel minerals as far as technology and physical
development constraints, like infrastructure, are concernsd. They often
can be classified as small- and medium—-scale mining operations, with all
thelr inherent advantages and disadvantages. However, market and
consumption patterns as 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 thelr aggregate, a substantial impact on the
performance of the mineral sector, and the potential they represent
rhould be taken into full considerration during economic and sector work
and project evaluation.
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EXECUTIVE SUMMARY

0.01 Background and Objectives. The importance of industrial
minerals has traditionally been understated as a commodity category in
the development plans of most 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 to enhance interest in this grour 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 circumstances under which the exploitation of
industrial minerals in developing countries is desirable and
economically justified, (11) to define opportunities fox the profitable
extraction of industrial minerals based on an analysis of their role in
economic development, and (ii1i) to derive recommendations as to the
Bank's role and approach to support the target sector.

0.03 Definition and Comparstive Rank., The term industrial minercls
can be defined as comprising all non-metallic, non-fuel winerals,
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.

G.04 A comparison with 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 264 % and 3B %, and metals with a share of 4 % and 13 % respectively,
the balance taken up by precious minerals.

0.05 Characteristics ard Role. 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 'modern economy. Adequate availability of industrial minerals, thus,
must be considered an important precondition for industrialization and
continued economic development,

0.06 While all industrial minerals exhibit a strong positive
correlation between per capita mineral consumption and per capita GDP,
each commodity apparently follows its own intensity of use pattern.
Commodities with early intensity of use (IOU) maxize include the bulk,
low unit value conatructlon 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 mine:als, howaver, attain their IOU
maxima in the more advanced stages of development rapresentative 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 iu post-industrial economies.

0.07 Trade and Market. Most industrial minerals are
internationally tradeable. An exception are the low value commodities,
such as 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~ 'ong distances provided they are
shipped in bulk, and by low-cost n .a of transport. Practically all
upper middle and high value industrial minerals are intermationally
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 minerals primarily consumed in capital goods or
consumer durables, e.g. construntion minrersls, refractory materials,
fluxes and foundry minerals, demand is considerably more cyclical and
erratic.

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 diamonds and
zirconium & hafnium, the market structure can be considered
oligopolistic,

0.10 Tndustrialized countries clearly dominate hoth the demand

and, to a lesser extent, the supply side of the glotal 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 Production Requirements. Low value, large volume industrial
minerals are almost exclusively 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 undergzround, both
generally at shallow depths. The chemicel minexale 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
minerala are proces3ed 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 flexible and customer tailored beneficiation is not unusual. The
main objective frequently is the production of mineral flours and
granulations, with grinding and classification being the economically
most slgnificant 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 yroducers. Such
technologins must be considered non-universal and lack of access to this
expertise usually is a major barrler to entry for LDC's. This applies to
high=quality industrial fillers produced from high-purity calcium
carbonate or tale as well as to other commodities such as lithium
ninerals, bentonite and certain kaolin products, among others.

0.13 For high-volume, low unlt value commodities with amall con-—
centration factors, such as construction materials, efficient bulk
transport infrastructure 1s essential. With minerals requiring higher
cencentration factors, the importance of transport infrastructure
diminighes in favor of the supply of power, process water and
operational inputs. While total investmant basically innreases 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 mine-mill operations, investment costs rzange 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 entirzly produced

in small scale operations. These include commodities tike fluorspar,
graphite, tale, 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 typlically be in
the range of 2 to 20 million U.S.$. Other industrial minerals, such as
certain construction materials, bauxite, phosphate or soda ash are
primarily produced om a large scale. With those, typical project
investment will fall between 100 and 500 million U.S.$ and more,
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0.15 An essential element in project design and selection is an
apprailsal 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
commoditles extracted primarily in small=-scale underground operations.
Comparative advantages will generally be amallest in highly mechanized,
large=~scale surface mines and with commodities requiring sophisticated
proceasing operations. Particularly with commodities requiring
non-universal processing technology, exporting crude ore will,
therefore, frequently be the only viable alternative for LDC's.

0.16 Future Prospects. With the exception of sulfur and to a
certalin extent barite, tale & pyrophyllite, known world reserves of
industrial minerals, workable at current levels of commodity prices, are
adequate to meet cumulative global demand through 2000, As a result, no
significant increases in real long-term prices are anticilpated for the
great majority of this commodity category. Only sulfur could experience
a siuhatantial price increase, while with tale, and some of the
commodities with a pronounced supply concentration, e.g. boron, iodine,
vermiculite, a moderate price rise could 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 future of industrial minerals looks
brighter than for metals and even i.zl minerals. High volume, high
growtn commodities include ilmenite, dimension stone, talec &
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 Z 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~compounds, industrial diamonds, iodine and feldspar in the form of
recycled glass. In addition, recycled quantities are generally small,
While most industrial minewals are basically suhiect to subhstitutionm,
existing competitive materials cre frequently less efficlent or more
expensive. In general, primary production of industrial minerals will,
thus, not he significantly affected by recycling or substitution.

0.19 Promotional Imitiatives. The planned development of the
industrial minerals subsector 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
includes: (1) the provision of funds and technical assistance for the
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identification of workable industrial minerals deposits and for thelr
subsequent development; (ii) the initiation of policy adjustments in
target LDC's suitable to create a policy environment conducive to mine
development in general and to private sector involvement in industrial
minerales extraction in particular; and (1ii) the huilding and
strengthening of the institutional framework in LD3I’s required to
specifically promot2 mining activities in the industrial minerals
subsector.

0,20 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:

(1) 1In view of the demonstrated strong correlation between per
capita industrial mineral consumption amd per capita income,
MLI's should continue to expand lending operations in favor of
thig commodity category.

(11) 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 nacion-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.

(111) 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 constiuction
materials close to rapidly expanding urban areas will
‘ncreasingly become a matter of urgency in many densely
populated LDC's.

(1iv) 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 min~arals demand growth,
geclogical potential, political stability, quality of economic
environment and imstitutional infrasiructure, attractiveness of
1ining code as well as the associated development objective to
be pursued.

(v) Countries with a combination of a comparatively large population
and high per capita income growth rate, e.g. Cinina, Brazil,
Indonesia, Nigeria, Rep., of Korea, Pakistan, Thailand, Egynt,
Philippines and Turkey, can be considered prinecipal targets
regarding future industrial minerals demand growth. LDC's with a
promising geopotential include Mexico, Brazil, Bolivia, Peru,
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(ix)

(x)
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Argentina, Chile, Colombia, Angola, Mozambique, Zambla,
Zimbabwe, Indonesia, Philippines, Malaysia and Thailand, among
others.

Target commodities relative to the foreign exchange earnings
objective comprigse the medium to high unit value, medium to high
growth industrial 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 GHP 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,

Medium to large volume, low to medium value industrial minerals
that reach early intensicy of use maxima are important targets
regarding the import substitution objective in view of thel:r
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.

In LDG's 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 are the high-volume, low value industrial
minerals with early IOU - maxima and low barriers to entry for
local entrepreneurs.

In low-income LDC's, particularly in small, landlaocked countries
with elevated population densities, initlial 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 fundas ghould be provided by MLI's under a
grant or soft loan arrangement.

Due to the fact that moat 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. MLI's should therefore
continue to expand the capabilities of government 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.

The installation of processing facilities for industrial
minerals requiring sophisticated or non-~universal technology
will frequently necessitate the involvement of an expar  ‘ate
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partner providing the operationa' 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 create 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 nining and processing tradition is lacking, MLI lénding
operations should initially be directed toward the developuent
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.



1. INTRODUCTION
1.01 While it is basically accepted that the availability of

mineral resources is a key factor for economic progress, the emphasis in
most LDC's has traditionally been on the development of metale 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 its 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 irnvestment opportunities in the extractive sector
nore equitably toward industrial minerals in the recent past.

1.02 In recognition of this development, World Bank decided to
implement an Industry Review Project on Industrial Minerals. The
principal objectives of this research project are (i) to identify and
evaluate circumstances under which the exploitation of industrial
minerals in developing countries, for export purposes or domestic
consumption, is desirable and economically justified, (i1) to define
opportunities for the profitable extraction of industrial minerals in
developing countries based on thz principle of meximizing economic
benefits from the extraction of national resources, and (1ii) to derive
recommendations 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 IX of this report, the prominent characteristica
of the various commodity subgroups are discussed and classification
practices reviewed. Section III examines the role and significance of
industrial minerals in the ecgffomy while Section IV investigates factors
affecting thelr tradeabliiity along with principal market aspects. It
also includes a review of main producers and suppliers. Essential
implementation and operating requirements are explored fin Section V,
followed by a discussion 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 masin findings are
presented and concluslons are drawn as to the role and approach of
MLI's.
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1I. CHARACTERISTICS AND CLASSIFICATION

Conventional Delineation ard 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 gemstones. 1/ The term indus’rial
minerals is, moreover, commonly interpreted as being identical with
nonmetallics, It is interesting to note that, contrary 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 ave.
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 While this general definition of industrial minerals is clear
and useful, further qualifications are desirable te 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 criterxion.

Prominent Category Characteristics

2.04 Apart from the industrial end-use, diversity is the sole
characteristic which unifies the industrial minerale and the outstanding
feature of this mineral category. This ix valid with regard to thelr
genetic origin, mode of occurrence, physical or chemical properties,
assoclated industrial application, unit value and place value, bulk,
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 cutegory located at the extremes of the
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, industrial diamond production totalled
6.7 tons at a unit value of some 25,000,000 U.S, $/ton. 2/ 3/ a11

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
vis—a-vis potential points of consumption. At the same time, these
materials have a low unit value which decreases rapidly with increasing
distance from the place of use. 4/ As a consequence, high place value
commodities are of little or no value unless available close to a
market, They, therefore, hardly enter internaticonal trade. Moreover,
these materials are extracted in large quantities, almost exclusively
from surface or near surface deposits. These are important
characteristice of bulk Industrial minerals to bz taken into account in
land-use planning, particularly around fast growing urban centers,
Conversely, with high unit value minerals like industriai 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 beth 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 for the
years 1965, 1975 and 1983, The compilation confirms that with most
industrial minerals long=term price changes have heen low to moderata.
By countrast, short- and long-term price fluctuations of major metals,
such as copper, tin, nickel, lead and 2zlnc are considerably more
pronounced. 32/Price fluctuations of several hundred percent in relation
to lowest values are not uncommon with major metals. Comparative
stability of prices can be conaidered an important factor in reducing
project risk, The financial risk associated with mining investment thus
tends to be lower with the industrizl mineral category 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 soclety. They are contained as components in durable
and non-durable consumer goods, required as process aids in various
material processiung 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 facllitlies to the manufacture of ceramic table or
gsanitary ware, the use of induatrizl minerals is readily visible or can
be easily derived. With numerous other uge3y or goods, ranging from books
to pharmaceuticals, the ultimate consumer is frequently not aware that
industrial minerals play an essential role.
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2.09 Another characteristic of the target category is that for a
large proportion, the physical properties of the material are of primary
importance, a fact which hns implications regarding the processing
requirazents and methods to be employed. With these commodities, the
physicsal 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
consgtruction 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 the industrial mineral category has
been a major obstacle in the development of a universally applicable and
consistent classification scheme. Depending on the purpose of
classification and the classification criteria employved, various
arrangements have been proposed or used. Current practices inclinde (1)
conventional alphabetical listing, (ii) basic economic classification
(1ii) genetic clagsification (iv) economic-geologic clasgification and
{v) detailed end-use clagsification.

2.12 Broad economic clagsification 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.l/

Commodity Subgroup Typical Commodities
(i) loy-price, large-volume primarily construction
commodities materials, e.g. sand and gravel

(ii) medium to

high-price, large-volume chemical and fertilizer
commodities minerals, e.g. salt, sulfur,
potash
(1iii) Thigh-price, small-volume process minerals, e.g. feldspar,
commodities fiuvorspar, tale, baryte

While the source quoted does not provide quantitative classification
criteria, for coumparative purposes low-price commodities can be
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considered these 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
abrasives, ceramics, glass and foundry, metallurgical, refractory and
general industrial applications.

2.13 For the purpose of geosclentlfic investigations and geological
rescurce inventories, a purely genetic classification is helpful., The
genetic classification employed in a recent publication on the geology
of r.ommetallics is reported in Annex 2.2, ;’a_/ In this arrangement,
nonmetallies are grouped under the four main genetic subdivisions (1)
igneous, (i1) sedimentary, {(iii) surficially altered, and (iv)
metamorplile, with further subdivisions in the first two classes. A total
of 52 minerals are included in this detailed scheme. While this purely
genetic arrangement is valuable for gecscientific work, its major
drawback 1s that it 1s entirely unrelated to economic aspects,

2.14 A two-dimensional classification approach using a combination
of economic, geological and techanical 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 nonmetallics into the two
distinet 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 preliminary economie
considerations. It is therefore a valuable tool for economlc 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. 6/ Z/

2.16 A gimilar classification arrangement, however, based on

both characteristic property classes of the minerals and principal
industrial end-uses is displayed in Annex 2.5. 8/ There, the initial
segmentation is into the two classes chemical minerals and physical
minerals, which are then further subdivided into 11 end-use subgroups.
Chemical minerals are produced primarily for the chemical, fertilizer,
ceramic and metallurgical industry, while physical minerals are used as
structural materials, extender and filler pigments, process aids,
abrasives, foundry minerals, industrial gem materials, and electronic
and optical minerals.,

2.17 The most elaborate attempt 1s 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 are related in
chart form. 9/ Although intricate to use, this arrangement is of value
in directing the attention sf the user to materials available for
particular 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 Consumption

3.0t In the static view, regional or natiomal mineral
consumption is closely related to population size and level of per
capita income. Consequently, population growth and per capita income
growth are the most significant factors affecting future mineral demand
on a national, regionszl and global scale. Other important factors
effective in the long run include business ecycles, technical progress
and substitution, together with changing consumer preferences.

3.02 With the exception of fertilizer minerals required by the
agricultural sector, the by far largest proportion of industrial
minerals ig consumed by the industrial sector of the economy for the
production of non-durable and durable consumer gooda, 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 the industrial sector in
total GDP increases from below 20 % in the least developed economiesa 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 post—industrial economy in which the service sector
predominates,

3.03 This process is illustrated by growth factors of world
mineral consumption, for the period 1750 - 1900, as presented below:10/

Obgserved Quantity Batween 1750 — 1900 Observed Quantity
Expanded by a Factor of

World Population l 2.2

Per Capita Mineral Consumption 4.5

Quantity of World Mineral Consumption 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 1 Growth Rate (1950-1970)

World Population 1.9
Value of World Production of
All Minerals 5
Fuels Se
Base Metals 5
Nonmetallics 7
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Particularly woteworthy is the high growth rate for nonmetallics in the
Post~World-Har II Period of advanced industrialization,

3.04 The strong positive relationship between per capilta 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 selected industrial minerals in relation to the glohal
average.

Country/Region Ratio of Local per Capnita Mineral
Consumption to Global Average in 1983

USA/Canada

USSR

Eastern Europe

EEC of 10

Japan

Latin america

CPE Anila

Non—-CPE Asia

Africa w/o South-Africa:

e & & » e ¢ & ®
=W n OO wWwo
W L O

OO OOMMMILWLL

Source: F. Callot (1985)

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

3.05 A similarly pronounced correlation exists between regional
mineral production intensity in terms of wvalue of production per square
kilometer and the respective level of GDP per capita. 11/ According to
this relationship, the value of mineral production per kmZ increases
rapidly with growing GDP per capita in the lower GDP per capita levaels
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
ka2 drops substantially. This again indicates that growth in mineral
demand 1is 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
maximum.

Objectives of Industrial Mineral Develcpuent

3.06 Apart from the general goal of the optimal ‘3e of available
resources for economlc progress, a number of specific objectives are
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assoclated with the promotion of mining sector activities, regardless of
the mineral developed. 12/ In lower-income LDC's with a predominant
agricultural sector, mining assists in initiating industrial sector
growth, thus diversifying the economic base and leading to a better
balanced economy. In this process, raw materials are made avallable 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 uf 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
gtimulate subsequent 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 multinliers ranging from 2 to 3.5.

3.08 Another significant aspect of mining activities im LDC's is
that they form an important base to develop technical qualifications and
professional skills, contributing to the goal of transforming unskilled
workers into a skilled labor Fforce. 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 fartilizer 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.

3.99 In most T.0C's, the main objectives of wining promotion,
however, are to earn or save scarce foreign exchange, i.e. commodity
export or import substitutiom. It 1s 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 may, however, create severe
probleis, particularly in strongly mineral-led economles. 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 succees in
development has been achieved by nations that succeeded in establishing
efficient export industries. Commodity export, thus, should be a key
objective in countries where sufficient comparative advantages exist.
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3.10 The import substitution objective 18 equally important for
ILDC's since it conserves scarce forelgn exchange while at the same time
reducing reliance on foreign trade by utilizing local resources to
proluce substitutes domestically. The precondition for the pursuance of
this objective again is the availability of adequate domestic mineral
resources that can be explolited at competitive prices. Import
substitutin: strategies offering price umbrellas for infant findustry 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 of
the large number of commodities involved, ths great diversity of
industrial applications, and thelr wide-spread occurrence. Classical
forelign exchange earnings and savings objectives can only be followed
successfully with internationally tradeable minarals and only to 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 mineral-bhased industrial
activities in the form of domestic linkage and multiplier effects. The
wide .jectrum of minerals together with the grest voriety of occurrences
and ..res also contribute to geographically and sectorally more balanced
development, as opposed to enclave-type mine operations common with
large metal ore properties.

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 value are assembled
separately for industrial minerals, metal ores, precious minerals and
fuel minerals. Aggregate figures are presented below:

Solid Minerals World Production 1983 Value of Qutput 1983
Category 1,000 mt % Mio U.5. § %
Industrial Mineralsa/ 11,798,630.0 72 129,147 .3 4Q
501id Fuel Minerals 4,004,287.4 24 122,285.0 38
Metals and Ores 543,580.6 & 39,007.3 13
Precious Minerals 14.0 1 30,341.3 9
TOTAL 16,346,512.0 100 320;781.0 100
a/ TIncludes cement, a product made from limestone, clay, shale, mari,
etc,
3.13 On a global basis, industrial minerals represent a share of

72 % of production quantity, and a 40 % share of value of output. The
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target commodity thua holds first place both with regard to production
volume and value, followed by fuel minerals and metal ores. It is
interesting to note that the output value of industrial minerals 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 categoriei. 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 ind{vidual commodities are arranged according to their
regpective positien within the top ten ranks relative to global
production volume and value, the following picture emerges:

Rank Commodity Rank Commodity
Prod. Volume Prod. Value

i Sand & Gravel 1 Bit. Coal

2 Bit. Coal 2 Cement

3 Crushed Stone 3 Sand & Gravel
4 Lignite 4 Cold

5 Cement 5 Iron Ore

6 Iron Ore 6 Lignite

7 Clays 7 Crushed Stone
8 Silica Send 8 Copper

9 Salt 9 Diamonds & Gems
10 Phospate 10 Silver

Wicth regard to production’ volume, industrial minerals take up 7 of the
10 leading ranks while solid fuels cccupy 2 and metals 1 position,
Regarding production value, the distribution is more regular, with
industrial minerals and precfous minerals sach 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
quantlity., An aggregate table is displayed below:

Range of World Industrial Metals & Solid Precilous

Production (1,000 mt) Minerals Ores Fuel Minerals
Minerals

Above 1,000,000 2 0 2 0

100,000 - 1,000,000 4 1 0 0

10,000 - 100,000 8 1 0 0

1,000 - 10,000 17 5 0 0

100 -1,000 12 3 0 0

10 - 100 5 9 1 1

1-10 1 4 0 1

Below 1 1 8 0 2

Total 50 31 3 4
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The figures demonstrate that industrial minerals are leading in the top
five size categorles, with two commodities, i.e. sand & gravel and
erushed stone in the plus 1.0 billion tpy and four others, i.,e. cement,
clay, silica sand and salt in the 100 million -~ 1.0 billion tpy
category, Metals predominate the three lower size catsgories from below
1,000 ~ 100,000 tpy. In the plus 1.0 million tpy category, a total of 31
industrial minerals are represented, compared to only 7 metals in the
same range.

Multiplicity of Use

3.16 Variety of properties and multiplicitv of uses have repeatedly
been mentioned as the key characteristics of jadustrizl minerals. While
this can be considered as further evidence of their importance for
industrial development and material prosperity, it 1s also indicative of
special requirements in product marketing. In an attempt to enhance the
transparency of this complex subject category in modern society, a
review 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 mineral~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 than ten different minerals as input materials. Mauny of the
industrial minerals are congsumed in more than one end-use class. The
greatest variety of input materials is found with construection
materials, fillers, filters and absorbents., It has to be noted that in
most cases, uses enumerated represent end-usa 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 f£inal products require more than
one mineral for thelr manufacture. Moreover, individual industrial
applications listed per mineral or combination of minerals vary from a
few major end-use famflies in the case of foundry o fertilizer minerals
to several dozen major or minor uses In the case of chemicals or
construetion materfals. As a result, in total several hundred, most
probably even thousand of mineral-end-product combinations could be
distinguished, depending on how far the path of a mineral would be
traced. The essential chemical mineral salt, for example, 18 the
starting point of an estimated 18,000 end-uses, }_?_/ 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 totasl 1983 U.S. demand into major end-uses
both in absolute quantities and percentage points is provided., The
U.S.A. have baen 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, tale, 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 compilation also shows that clays, construction materials,
fertiligzer minerals and the chemical minerals salt and sulfur are
consumed in large volume, while others like industrial diamonds, lithium
and mica ave 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
regpective 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.$, 400 to 1,500 U.S.8,
1,500 to 5,000 U.S.$ and 5,000 to i4,0C0 U.S.5 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 data, In view of apparent differences in the quality of
avallable input datz, the results of the U.S. analysis musi be
considered more accurate, With asbout 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. analysis
typically being higher, in some cases up to double the value of the
crosg—=sectional country analysis. In spite of these limitations, results
vbtained are considered useful for the global assessment of development
patterns of regional or national industrial mineral consumption.

3.23 Synoptic results of tne anslyses 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 rest,
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/cap. range, cement, phosphate rock and salt in the 100 to 1,000
kg/cap. range, etc.

3.24 The specific mineral consumption graphs permit a number of
interesting observations. While all commodities exhibit a strong
positive correlation between per capita mineral consumption and GDP per
capita up tc the high per capita income levels; each industrial minersl
apparently has its own unique evolutionary pattern. In spite of the
differences, certain similarities can, however, be detected which are
asgociated with distinct phases 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 thereaftfer. The subseguent post-
fndustrial phase then leads to a reductlon in specific 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 ceramlc 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 &
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 steady slope
wlthout any signs of saturation. Several other commodities, mnotably the
fertilizer minerals phosphate, nitrogen and potash but also boron
apparently start slowly reaching thelr 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 drawn 1s that with all

industrial minerals, per capita consuaption correlates strongly with 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, decreasirg in importance with
their transition to the services dominated, mature stages of
development. By contrast, the role of industrial minarals 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 rapldly as economics move
from low income levels to high income levels. Thus, in this central
section ¢f economic development, the industrial minerals apparently play
a predominant role.

3.27 Lack of time—-series data for LDC's covering a sufficiently
iong 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 valldity of the
basic relationship between growth in mineral consumption arnd 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 regairding the required growth in industrial mineral
availability.

3.28 In this context it 1s also interesting to note that
evidence exists according to whick at some poilnt during industrial
development, non-metalllcs become more important in terms of value of
production than metallics in a nation's economy especlally if cement
production is included. 14/ In tha 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 econonies 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 radivs of a mineral is going to be., Other
significant factors inrlude bulk to be moved together with proxinmity,
type and quality of intrastructure 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 unlt values are
shown. The tabulations confirm that almost all industrial minerals are
in the lower unit value class of ranks above 25, while the great
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 Ammex 4.1, with
commodities arranged in falling order of average unit values. The table
shows that only 6 industrial minerals reach avarage unit values 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
st be 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 dffferences in natural ore
grades or those imposed through processing.

4.04 Current practice, however, proves that low to medium value
minerals can alsc be traded in significant gquantities. Representative
examples include coal and cement, commoditier im the unit value range
from 30.- to 60.~ US$ per ton. Of both, between 10 % and 20 % of worid
production are traded internationally. With phosphate and bauxite, which
belong to a similar level of unit values, 33 % and 48 ¥ respectively of
world output enter international trade. Extensive international trade
with tliese commodities of moderate unit value is possible in view of the
large volumes involved and the agsoclated scale econcmies. 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. 1_2/ In this
sample, sizes of shipments range from 3,000 to 35,000 tons with most of
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the quantlties 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 104= and 20.- $/ton. It is obvious that with some of the
low-value commodities traded such as gypsum, pumice or salt, freight
rates come close toc the unit values of the respective industrial
mineral, thereby almost doubling landed unit prices. For medium value
commodities 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 increasing 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, frelght charges for bulk shipments
are considerably lower than for bagged, containerized shipments, being
typically about half of the latter. _1_5; Apart from that, there are
significant differences in transportation costs between alternative
transfer media. For inland transportation, rcad transport generally
offers lowest short—haul rates, while rail transport becomes more
competitive over an intermediate range of distances. 17/ Water

transport can offer the lowest rates for transpcsrtation of minerals over
long distances.

4.07 With low value construction minerals the most critical costs
Aare Lthose of transportation and accordingly production should take place
as near as possible to centers of population with inexpensive
transportation while at the same time communities should guard against
covering valuasble minerals by urban sprawl.

4.08 Lower middle unit value minerals from cement to salt can be
transferred 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
hiigh unit value industrial minerals are internationally tradeshble
commodities, even when shipped in small quantities or in bagged
condition. In view of their high unit value, transfer costs for these
minerals will in 2ll cases amount to only a small fraction of landed
prices,

Characteristics of Indvstrial Minerals Demand

4,09 At any given point in time, the demand for mineral commodities
1s satrongly 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 geverely 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 less
affected during an economic downturn than metals.
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4.10 A number of industrial minerals find their principal
application in consumer nondurables for which consumption remains
comparatively stable in a recesslonary perled. lﬁ/ 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 scmewhat less stable than consumer nondurables, 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 limisstone,
iodine, diatomite, ksolin, talc and ilmenite,

4.11 For indestrial minerals consumed in the manufacture of
consumer durable goods, demand i1s much more cyclical and erratie than
for those mainly used in nondurables. Since steel is a key material for
all durable goods, fluctuations of steel prcduction are reflected in the
production of a variety of industrial minerals. Primarily affected are
refractory naterials, fluxes and foundry minerals, 1l.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 _ roup, i.e. industrial diamonds, garnet, pumice, clay,

wollat udte, 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
gravel, 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. 5till other commodities
such as barite and bentonite are severely affected by the developments
of a single industrv, oil well drilling.

4.13 Apart from the cyclical nature of economic activities,
consumption patterns of various industrial minerals are changing due to
still othsr exogeneous forces. There is strong evidence that since the
late 1960's mineral-consuming manufacturing industries are becoming less
materials-intensive. 19/ An example in this context is the automobile
industry, now producing smaller and lighter models than 20 years ago.
Again, the nonmetallic mineruls 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 Induatrial minerals used for glass manufacture such as sllica
sand, soda ash and feldspar are affected by the growing trend towards
the recyeling of glass containers. The future of asbestos, which is
extensively used in construction minerals, will depend on further
government regulations banning the use of asbestos-containing products
for health reasons. Other commodities which may increasingly become
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subject to government actieon restricting thelr use include insecticides
using talec, fluorcarbong derived from fluorspar and detergents
containing phusphates.

4.15 Another aspect of interest with industrial minerals markets
is that for some commondities production is predominantly captive while
for others it is non—captive. Chemical minerals which are used in large
quantities are frequently produced captively by end-users. Captive
production is common with chloralkali precdvcers 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 thelr own production of magnesite, dolomlite 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 varlety of
purchasers, of which most buy comparatively small quantities, the

proportion of captive production is relatively small, 8/ Commodities
include industrial minerals which find application as struectural
materials, extender and filler plgments, abrasives, foundry minerals and
electrical minerars. 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.

Market Structure and Trade Patterns

4.17 Although industrisl minerals have the reputation of
widespread occurrence, a small group of this commodity category can be
considered rare. With eight industrial minerals comprising nitrates,
natural sodium carbonates, iodine, garner, vermiculite, boron, lithium
minerals and rutile, more than 90 % of world production are concentrated
in only 3 countries. In Amnex 4.3 a., a compllation is presented
including the number of producing countries for each industrisl 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 4I30b.

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 1s definitely oligopolistic. For another group of 12
commodities, i.e. sodium sulfate, strontium, perlite, mica, asbestos,
potash, pumice, manganese, corundum & emery, bentonite & fuller's earth,
chromite for non-metal 'use and kyanite, bastween 80 % and 95 ¥ of world
production is mined in only 5 countries. Inspite of -this proncunced
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 1llustrated in Annex 4.3.b, for the bulk of industrial
minerals, the degree of concentration of supply 1s 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 considered truily polypolistic, This 1is also
documanted by a review of major suppliers and producing companies of
industrial minerals which is presented in Annex 4.4. 5/ 26/ 21/ The
review in which both commodities and suppliers are listed in
alphabetical order, clearly shows that for 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, numerocus producers exist with all commodities if the less
important suppliers arz also taken into consideration. From this review
it is also obvicus 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 tc a misconcept?on frequently found, industrial
minerals, moreover, play a signlficant role in international trade. This
is illustrated by the estimated share of international trade in world
production presented for individual commodities in Anrex 4.5.a. With
nine commodities, i.e, industrial diamonds, nitrates, zirconium,
.‘dimension stone, borafes, lodine, nepheline syenite, lithium, ilmenite &
rutile, international trade exceeded 50 % in 1983. Interestingly, for
industrial diamonds thic value is 152 % 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 value, high volume
commodities, primarily construction materials, 1s traded internationally
in negligible quantities. Results of this analysis are summarized
graphically in Annex 4.5.b.

421 Additional statistical materifal which is useful in further
examining the regional aspects of the industrial minerals supply-demand
pattern is presented in Annexes 4.5 and 4.7. The compilation in

Annex 4.6 lists the five leading exporting and importing countries by
commodity providing data on quantities traded and respective share in
world demand, In Annex %.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 ceatrally
planned economies. Results are presented both numerically and
graphically, The data confirm that significant quantities of industrial
minerals are moved in international trade.

44,22 Developing countries as a group are major exporters of natural
nitrates, barlte, bauxite, fluorspar, mica, phosphates, graphite and
manganese and important Importers of cement. Apart from these
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commodities, the role of developiny countries in the industrial minerals
market is still limited. Industrialized nations, howewver, 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 ig definitely played by the market
economies while centrally planned cconomies apparently 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
obsorved in para. 3.28., The reasons for the predominance of the supply
side, however, are less transparent., With the lew 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 minerals it appears to be lack of access to sophisticated
processing technology and expertise on the part of LDC's required in

serving multiple product markets with highly variable and demanding
product specifications.
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Ve TMPLEMENTATION AND OPERATING REOUIREMENTS

Resource Identification

5.01 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-groups of industrial minerals is presented in Annex 5.1.
30/ In this chart, typical geological conditions are linked with
Industrial mineral sub-groups in matrix form, Individual geological
conditions are assigned values that are indicative of the proaspects 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's knowledge of indigenous resource endowment 1s
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 thz identification of
sultable prospects. Traditional sources of funds for this highly
important pre-implementation activity have been 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
characteristicy of major industrial minerals is included in Annex 5.2,
with commodities arranged in alphabetical order. The review shows that
most 21l of the low unit value minerals consumed in large quantities 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 exceeding
values of 1:1 or 2:1. Many of the medium to high unit value commodities
are mined both undergiround and open pit, with underground mining
generally at shallow depths.

5.04 Several industrial minerals are either entirely or largely
rec- .ared from subsurface brines lifted in boreholes; i.e. bromine,

iod -, 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, phesphate, perlite, pumice and sand & gravel are
mined by conventional open pit earth moving equipment including
draglines, scrapers, bulldozers, shovels, wheelloaders and trucks.
Minerals of moderate strength -uch as gypsum, phosphate rock, salt,
potash and trona can be mined underground using continuous mining
machines, All other industrial minerals are exploited by conventional
gsurface 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 pumlice are
mined on a swmall scale. 32_/ Feldspar, clays, gypsum, barite, sand &
gravel, stone, salt, asbestos and phosphate, have an important
small-scale component.

5.06 Processing of industrial minerals is generally more
sophisticated and demanding in terms of technical skills and experience
than mining. Exceptions that are comparatively simple to process include
sand and gravel, crushed stone, cement raw materials and to a lesser
extent salt, certain types of clay and bauxite. As stated earlier,
chemical minerals comprising commodities for the chemical, fertilizer,
ceramics and metallurgical industry are frequentlr processed captively.
They are required by the industry for the chemical elements they contain
and they are produced to established and f£ixed composition
specifications in comparatively 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 accumnlation 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 industrisl applications wiih varying
specifications, processing plants must be flexible. There 1s often for
one and the same mineral & large number of specifications and customer
tailored processing is not infrequent. 23/ The routine component in the
processing of these commodities is, therefore, considerably smaller and
plante generally have to be innovative and have to maintain extensive
research and development factlities 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 are generally considerably more demanding than with the
chemical minerals. Minerals of this group are also more readily
interchangeable with other mining products and thus frequently subject
to substitution.

5.08 Apart from the gtructural minerals, the physical group
includes commodities for extender and filler use, process alds,
abrasives, foundry minerals and electrical minerals. The malin processing
objective frequently is the production of mineral flours and
granulations. Comminution, more particularly fine grinding and
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classification, therefore, are the economically most gignificant unit
processes in industrial minerals processing and products usually have to
be controlled to precise limits of particle size, size distribution,
brightness, meisture content and rheological properties. Striet quality
control and continuous close contacts with customers asre of prime
importance with physical minerals. In view of these aspects, custonm
milling is not uncommon and an 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 sophinticated technology
combined with stringent process control practices. Such technoloeies
frequently are the result of many years of research , development and
operational refinement by a few leading producers. In some cases
technologles were developed for a specific set of unique mineral
properties. Such technologies thus must be considered non~universal and
lack of access to this expertise may provide a major barrier tc entry
for LDC's. :

5.10 An illustrative example in this context is the production
of high-quality industrigl f£illers for plastics, paiuts, polishes and
adhesives based on calcium carbonate. For certain types of products,
specifications include minimum purity of 99.75 Z CaCO3, fine grinding
of 75 % below 1 micron and brightness values of 93 Elrepho. Such
products 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 cectain kaolin products.

5.11 There is also a tendency recognizable in the industrialized
countries that the users of industrial minerals set increasingly strict
iimits 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 1s 2 necessity in the
hizhly competitive environment of industrialized natiouns, 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 f£inal product, 1

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 assoclated concentration factor. Respective
values for industrial minerals are presented in Annex 5.3, with
commodities ranked according to their average concentration factors. The
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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 as industrial
diamonds, iodine and quartz crystals with corcentration factors between
5,000 to more than 20 million., For all commodities with elevated
concentration factors ranging from 2 to 10, an inltial concentrating
stage at or near the mine 1s 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. Firset,
because additional local processing results in higher unit-value and
thus, in a larger competitive distribution radius for the mineral. And
second, because the enhsncement of national value-~added is a highly
desirable objective, particularly in developing countries. Additional
local processing 1s, however, only justified to the extent that the
resulting incremental value-added is truly positive, i.e. that the
ineremental increase in unit value due to additional processing is
greater than the assoclated incremental unit cost. Factors to be
observed in thie context include cost of energy and productinn factors,
avatlability of skilled labor and technology, availability or
{nfrastriucture and processing raquirements, particularly process water
and amenability of ore to processing. Smallest economically justified
plant capacity in relation to planned output is an additional essential
aspect,

5.14 Evidence from extractive operations in LDC's, howewrzrw,
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 modexn processing
facilities, keeping plants operating efficlently 1s particulary
difficult in LDC's. Since with sophisticated processing methods LDC's
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 facilitiles is possible without major
outside asaistance, 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 £inal
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products with extensive expatriate assistance. Especilally 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 less

demanding quality requirements are served, the integration of the full
scope of processing is, however, both possible and desirable.

Infragtructure 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 gerious constraint for the development of indigenous
mlneral resources in view of the high investment costs assoclated with
their establishment. It is not unusual that more than 50 % of total
project costs of large mining operations in remote areas are required
for infrastructural installations such as township, captive power plant,
road or rallrcad link and deepwater port.

5.17 While infrastructural requiremerts 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, efficlent bulk transport
infrastructure for commodity distritution 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 USS$

Underground
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
5,000 Adit access, room & 18.0 ~ 20.0
pillar nining
Surface
500 Stripping ratio 1:1 to 2:1, 4,0 = 5.0
1,300' hauls, hard rock
5,000 Stripping ratio 1l:! 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' hauls, hard rock

Models 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 underground mines and 2,200 to 10,000
$ per daily ton of capacity for surface operations.

5.20 Quoting the same source, order of magnitude captial costs
of model flotation mills of different capacity are listed in the
followlng table:

Ore Feed Capital Cost Range Specific Investment
Rate - tpd in million 1984 US$ 103 $/¢pd
100 2-5 - 3.2 25-0 - 32.0
500 6.5 = 7.5 13.0 - 15.0
1,000 9.7 - 10.7 9.7 - 1G.7
5,000 25.2 = 27.2 5.0 = 5.4
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Flotation mills considered are designed to one or two conceni'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 units involving underground mines down to a low of

7,000 $/tpd to 16,000 $/tpd for large-scale operations with surface
mining. Thus, with most findustrial minerals produced in emall 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. $§. For small-scale sand & gravel operations investment
will be even considerably below that amount. By contrast, with
industrial minerals produced predominantly on a large scale, such as
bauxite, phosphate or soda-ash, project investment will typically be
several hundred million U.S.$. '

5.22 A survey of selected industrial mineral mine and plant
projects currently in the planning & 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
range of project investment costs presented above. Since investment cost
data vary considerably even for seemingly comparable projects, figures
listed can only be interpreted as indicative 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 detalled 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 informetion is usually
insufficient to permit meaningful analyses and representative
conclusions, Thus, an analysis of successes and falluregs of industrial
mineral projects in LDC's as a basis for future project design 1s not
feasible. As a result, conclusions regarding the optimum approach in che
implementation of industrial minerals projects in LDC's have to be
derived from general industry experience gained in industrialized
countries., In addition, lessons learned with the implementation of other
mining projects in LDC's will be useful.

S5.24 Bagically, in most aspects the approach in project design,
evaluation and fmplementation 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 technologles are
required. On the other hand, project risks and barriers to entry are
almost negligible with moat 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. FLTURE PROSPECTS FOR (NDUSTRIAL MINERALS

Supply-Demand Relationship

6.01 Various trends have started to evolve in the recent past that
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, (1i) increasingly demanding quality requirements and
narrowing product specifications on the part of consumers, (iil) more
effective and economical use of materials resulting in lower specific
consumption, (iv) tendency toward increzsing rates of material
recveling, especlally with higher price commodities, and (v) continued
efforte rega-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
capacicies exceed present demand., In a number of cases significant
excess capacities exist, The extent of glebal 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 projections, and 1983 demand data, the
hypothetical year of demand~supply balance can be calculated on the
assumption that no capacity changes occur. Results are alsyv contained in
Annex 6.1, The extent of 1983 overcapaclty ranges from a low of hetween
10 % and 15 7 of demand for graphite, feldspar, lithium, fodine and tale
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.
Thie situation 1s a result of the development of large capacities
throughout the world in the 60's and early 70's fallowed by a
substantial contraction of demand thereafter due to considerably slower
economic growth in most of the traditional counsuming countries. As a
result, no capacity-related supply shortages are expected in the short-
and medium term in spite of indications of reviving demand.

6.03 In Annex 6.2. observations on the recyecling 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 iimited
to a small number of commodities and generally small in volume.
Secondary recovery and reuse is practiced only with bromine,
flour-compounds, industrisl diamonds, gypsum, lodine and crushed stone
in recycled concrete., Primary feldspar procduction is affected by the
recycling of glass. Secondary recovery thus cannot b2 considered a major
source of Industrial minerals and a significant factor affecting primary
production.

6.04 ~ntrary to the limited potential for recyeling and secondary
use,; .. .u3t industrial minerals, substitutes or alternate materials
exist at least in some applicatilois., 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,
fluworspar, lithium, as well as phosphatec and potash in fertilizer
production. Although most industrisl minerals are basically subject to
substitution, existing competitive materials are frequently less
efficient or more costly. A typical example are industrial diamonds
vhich can only be replaced by less efficient substitutes in most
applications, With other commodities, such as lime and gypsum, although
2lternate materials would be available, substitution pressure is limited
in view of their low unit value., Other commodities, although

difficult to replace, are subject to reduced use for environmental or
health rearons. Examples include phosphatus in detergents, salt in road
deicing and asbestos in building materials.

6.05 With a few notable exceptions, presently known world
reserves of industrial minerass are adequate to meet cumulative world
demand beyond the year 2000. This assessment 1s based on reserves
workable at the current level of commedity prices. The principal
exception for vwhich world reserves are barely adequate to meet
cumulative demand beyond the forecast period, is sulfur. Supply
shortages with this commodity, therefore, cannot be ruled out. 27/ 28/
Yor barite, known supply is limited to 25 times of world production.
With talc and pyrophyllite, only the inclusion of rescources workable at
moderatelv 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 trends 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 develop in
line with average inflation in principal consuming countries., Sulfur is
the only commodity for which a significant increase in real prices could
occur, Tale could experience a moderate real price rise as well as
commodities with a pronounced supply 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
capital-intensive venture frequently assoclated with a substantial
time~lag between initial investment and subsequent cash-inflows, mine
development 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 perioed

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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basls of regression analyses of time series data. Flgures presented
represent probable values determined on the basis of low and high
estimates resulting from differences in assumed contingencies,
Commoditles are arranged in f£alling order of probable average annual
growth rate for the forecast period.

6.08 High average annual growch rates are forecast for 9
commodities, i.e. quartz crystals, rutile, ilmenite, dimension stone,
zirconium & hafnium, talec & pyrophyllite, chromite, asbestos and lithium
raw materisls, with values ranging from 4.5% to 6.7% p.a. World demand
of these commodities thus 1s expected to expand to between two or three
times 1983 levels within the forecast period. Moderate growth rates
ranging from 2% to 4% p.a. are projected for another 29 industrial
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
for which world demand is projected to decline at a rate of 2.2 % is
sheet mica.Thus, according to the U.5.B.M forecasts presented, for the
great majority of industrial wminerals moderate to high growth rates can
be anticipated throughout the century.

6.09. It has to ba noted, however, that the degree of accuracy of
demand growth proj-:2ctions in the extractive sector has generally been
limited due to the multitude of variables involved and many projections
have been of so low an order of accuracy as to be almost meaningless and
possibly misleading. This can be demonstrated by comparing actual vs.
projected demand growth rates for iadustrial minerals for the perilod
1973 to 1983 published by U.S.B.M., as presented in Annex 6.4. Results
confirm that with the exceptlon of a few commoditles, 1.e. lithium,
graphite, cement, corundum, gypsum & anhydrite and sheet mica,
projections were generally on the high side. With nine of the forty
commodlties examined, upward deviations were more than 50 %. This can be
conslidered 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
glcbal 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 (10U's) at

dif ferent levels of income. The term IOU refers to the relative
intensity with which a2 given industrisal mineral is projected to be
consumed per unit of GDP. A comparatively high I0U, 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, I0U's of all major industrial minerals are
presented in graphical form. Individual IQU projections have been
determined by simple arithmetic procedures based on data of per capita
mineral consumption as a function of per capita GDF, 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 I0U'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.S5.§,
comprise the chemical minerals, salt, sulfur, soda ash and sodium
sulfate as well as titanium and graphite. The largest group of
industrial minerals, i.e. clays, gypsum, fluorspar, talc & pyrophyllite,
barite, feldspar, perlite, vermiculite, magnesite, mica and zirconium &
hafnium reaches IOU maxiwa in the more advanced development stages of
industrialized countries, exhibiting clear indications of saturation of
demand at higher 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 without any
signs of demand saturation.

6.12 From these observations some general conclusions can be
drawvn relative to regilonal 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 econonies with correspondingly lower than average values
occurring in LDC's.




VII. TARGET IDENTIFICATION

Aspects of Country Selection

7.01 Since the growing consumption of industrial minerals 1s the
consequence of economic development, their availability at an increasing
rate is a precondition for the growth of economies. As discussed,
principal factors determining national 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 thege
conditions can, therefore, be congidered natural targets with a high
fndustrial mineral market potential. In addition, as outlined in
paras. 7.10~-7.11, industrial minerals can under certain conditions also
represent important export commoditfes 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 econcmlies, 8 lower
middle-income economies, 7 upper middle~income economies and one
high-income o0il exporter. Countries with the highest comkination of
population and per capita income growth rate comprise China, Brazil,
Indonesia, Nigerla, Rep. of Korea, Mexico, Pakistan, Thailand, Egypt,
Philippines and Turkey. These should, therefore, be considered prineipal
target countriegs 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 geologlcal 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-cemmodity review would be beyond the scope of this
report in view of the large number of possible combinztions, some
general observations facilitate the selection process. It is plausible
that total mineral resources available within a territory are roughly
proporfional te 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.
_ggj According to these assessments, resource endowment appears to be
particularly favorable in Latin America, in Southern Africa and in
South-East-Asia, A summary of countries considered to possess high
general geological potential is presented below.



Continent Country

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

Africa Angola, Mozamblque, Madagascar, Zambia,
Zimbabwe, Zaire, Namibia, Botswana

Asia/Oceania Indonesia, Philippines, Malaysia, Thailand,
Papua New Guinea

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

7.C6 In all cases in which forelgn investment is required for the
development of industrial mineral resources, the political stability,
the predictabllity of future economic conditions and the quality of the
investment climate Iin the host country are of paramount importance. Main
factors in political risk assessment in general and in the extractive
sector in particular are (1) regime stability, (1i) level of political
turmoil, e.g. labor violence, political strikes, terrcrist activitles,
and (111) restrictions on international bnusiness. 21/ Aspects to be
considered in this context include restrictions on foreign equity
ownership, requirements for use of national or loral products, taxation,
restrictious on repatriating capital and profits, and foreign exchange
regulations. In industrial mineral projects requiring speclalized
expatriate know-how, the quality of the mining code and of the
ingstitutional framework also plays an essential role. This is
particularly true with certain physical minerals that are processed inte
high-grade commodities, as discussed in para. 5.09. In such cases, an
expatriate know-how partner with the necessary expertise can only be
found if the investment climate is sufficlently encouraging.

7 .07 It i3 generally accepted that both guarantees and incentives
are required as devices 1in attracting foreign capital and promoting
mining investment in LDC's. Promotional measures can include temporary
selective tax exemptinns or tex reductions on mine production, exemption
from taxes and duties on imports of caplital goods and preferential
depreclation allowances., While such incentives clearly serve the
purpose, it has to be emphasized that coiitract stability and
predictabllity of the terms of an investment project together with
economlc and political conditions increasingly become a prerequisite to
attract large foreign capital resources. In this context stabilization
clauses in investment contracts including non-discrimination guarantees,
non-intervention guarantees and freezing clauses can prove very
effective investment incentives. §§j
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7.08 Periodic reviews of political country risks are conductad and
published by various specialized companies, such as Frost and Sullivan
in their "World Political Risk Forecasts" 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 b2 emphasized,
however, that country ratings change over time as a result of new
legislation or changes in governments., Additional tools used by forelgn
investors and lending organizations in country assessment include
country credit ratings which are perlodically published by specialized
institutions.

Aspects of Selecting Commodity-Country Combinations

7 .09 In the process of selecting suitable commodity~country
combinations, aspects of geological 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 inlnerals. It 1s also obvious that ready access to ocean transport
glves a comparative advantage with rxegard to commodity export.

7.10 It follows that the expoert objective should be primarily
pursued by coastline countries with an adequate geopotential, e,g.
Mexico, Brazil, Peru, Argentina, Colombia, Chile, Indonesla, Thailanad,
Philippines, Angola, Mozamblque, Zalre, etc. The most attractive target
group of industrial minerals relative to the export objective are the
medium to high growth, medium to high unit wvalue commodities. This group
comprises lithium ra- taterlals, quartz crystals, rutile, dimension
stone, zirconlum & hainium, chromite, asbestos, sulfur, diatomite,
nitrates, kyanite, fluorspar, potash, silicon, lodine and rare earths.

711 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 commoditlies include talc &
pyrophyllite, bauxite, phosphate, kaolin, salt, and perlite. It should
be emphasized that, in perlods of oversupply of many minerals, export
objectives can be succegsfully pursued only if specific comparative
advantages exist or particular entry opportunities into markets can be
identified,

7.12 In all landlocked countriea, 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 nommodities, e.g, cement,
clay, stone, ete. This is particularly impoiiant for landlocked nations
with elevated population densities, such as Burundl 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 ithe 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's. 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's
with elevated population densities. Commodities include sand & gravel,
crushed stone, cement, clays, limestone & dolomite, silica sand, gypsum,
salt, soda ash, sulfur, talc & pyrophyllite and feldspar. Targe:
countries to be considered in this context are China, Brazil, Indonesia,
Nigeria, Rep. of Korea, Mexico, Pakistan, Thailand, Egypt, Philiy;'nes,
Turkey, Bolivia, Zambia, Zimbabwe, Rwanda and Burundi.

7.14 In the least developed economies, emphasis has to be placed
on industrial minerale that serve the development stimulation
objective., Prime target countries are those LDC's with low per capita
income levels and growth rates and medium to large populations.
Principal target commodities ars the high-veolume, low-value industrial
minerals with earlv IOU = maxiwa. This group of commodities is
comparatively simple to develop with low entry barriers for local
entrepreneurs in terms of capital requirements, required skill level and
mining tradition. Target commodities are sand & gravel, crushed stone,
common clays, limestone & dolomite, silica sand, gypsum & anhydrite,
salt, kaolin and tale & 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 RECOMMENDATIONS

8.01 A comparison with the other major commodity calegories 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 characterigtics 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 uce,
they virtually permeate every segment of a modern economy. Adequate
availabilicy of industrial minerals, thus, must be considered an
important precondition for industrialization and continued economic
development,

8.03 While all industrial minerals exhibit & 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 intensity of use maxima include the bhulk, low
unit wvalue construction materials such as crushed 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 a3
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 economles the value of
non-metallics consumed annually is much greater than that of metallies,
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 1is 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
regources in LDC's.
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8.05 The majority of industrial minerals, with the exception of tha
low value construction materials, is internationally tradeahle. These
include both the high unit vaive, low volume subgroup as well as the low
to medium urit value commodities consumed in larger quantities. As a
whole, the International 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 significance
of this commodity group for eccnomic progress.

8.06 The approach in industrial mineral project design, evaluation
and implementation is basically comparable to that of metzal mining
projects, Project risks and barriers to entry for local entrepreneurs or
iavestors will, however, vary considerably with industrial mineral
subgroups. They are, moreover, usually substantially greater in
processing 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, tale, vermiculite and pumice. Others such as feldspar, clays,
gypsum, barite, gsand & gravel, stone, salt and asbestos have an
important small scale component. Total investment costs for small-scale
operatiosns extracting and processirg these minerals will typically be in
the rauge from 2 to 20 million U.S$.5. Other industrial minerals, such as
certain construction materials, bauxite, phosphate or suda ash are
primarily produced on a large scale. With those, typical project
investment will fall between 100 and 500 million U.5.$ 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 lsbor~intensive industrial mineral projects, i.e. with
commodities extracted primarily in small-scale underground operations.
Comparative advantages will generally be smallest in highly mechanized,
large—scale surface mines and with commodities requiring sophisticated
processing operations. Particularly with commodities requiring
neon~universal processing technology, exporting crude ore will,
therefore, frequently be the only viable alternative for LDC's.

8.09 The planned development of the industrial minerals subsector
in LDC's can serve several essential oblectives including commodities
export, import substitution and the objective of industrial development
stimuelation through the creation of domestic linkages. In the pursuance
of these objectives, most LDC's have Lo rely on extensive cutside
agsistance, a situation in which MLI's can play a significant role.
Potential promotional initiatives of MLI'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 adjusiments in target LDC's sultable to create
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a policy environment conducive to mine development in general and to
private sector invelvement in industrial minerals extraction in
particular; and (11ii) the bullding and strengthening of the
institutional framework in LDC's required to specifically promote mining
activities in the industrial minerals subsector.

8.10

A profile of aspects and recommendations to be considered in

planning promotional initiatives appropriate to stimulate industrial
mineral development in LDCis can be summarized as follows:

(1)

(11)

(1i1)

(iv)

(v)

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

For the same reason, target LDC's shculd be encouraged by MLI's
to pursue an active, selective and raticnal policy of industrial
minerals sector development. In many LDC's the initial step in
program implementation has to be Lhe execution of a natlon-wide
inventory of the geological potential of target industrial
minerals and the identification of suitable prospents, Such
geological inventories usually have to be financed through
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 potentlally 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 MLI's in industrial mineral sector
development have to commence with the selection of suitable
country~commodity combinatlions in accordance with aspects
discussed in Chapter VII. Main factors to be considered in this
process include expected industrial minerals demand growth,
geological potential, political stability, quality of economic
environment and institutional infrastructure, attractiveness of
mining code as well as the assoclated development objective to
be pursued.,

Countries with a combination of a coxparatively large population
and high per capita income growth: 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 geopotentlal include Mexico, Brazil, Bolivia, Peru,

.Argentina, Chile, Colombia, Angola, Mozambique, Zambia,

Zimbabwe, Indonesia, Philippines, Malaysia and Thailand, among
others.,



(vi)

{vil)

(viii)

(1x)

(x)

(xi)

Y. -

Target commodities 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 ndations while at the same
time local demand 1is lcw.

Medium to large volume, low to medium value industrial minerals
that reach early intensity of use maxima are important targets
regarding the import substitutiorn objective in view of their
comparatively higher demand growth rates in LDC's, Countries
with a large population and a2 medium to high GWP per capita
growth rate are principal targets in this context, as well as
all landlocked LDC's.

In LDC's with low per capita income levels and growth rates and
mediun to large population, pricrity should be placed on
commodities that best serve the domestic development objective.
Target commodities are the high-volume, low value industrial
ninerals with early IOU - maxima and low barriers to entry for
local entrepreneurs.

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
egtcblishment 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 MLI's under &z
grant or soft loan arrangement.

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. MLI's should, therefore,
continue to expand the capabilities of government institutions
acting as executing agencies through financing appropriate
upgrading and strengthening o-nagrams. In large LDC's
conslderation should be given to the establishment of a seperate
industrial minerals unit within the geological survey or mines
department.

The installation of processing facilities 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 1s not the case, MLI's should use
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their influential position to initiate policy reforms and
adjustments adequate to create an econocmic 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 poliey 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 Terms of Reference: Topics to be Addressed

8.

b.

c.

d.

E.

f.

Je

t.

Attempt a definition and delineation of industrial minerals and examine the
prominent characteristics of this subgroup as distinct from metallic and fue!
minerals.

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.

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.

Principal objectives of industrial minerals development in developing countries,
e.g. import substitution, commodity export, increase in domestic consumption,
alimestation of mineral-based industries, derived national objectives of in-
vestment opportunities.

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

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.

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

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

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

Identification of a limited number of target countries with particular de-
velopment potential for industrial minera! production.
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Annex Z.1. Long-Term Price Trends of Major Industrial Minerals
Commodity Average Annual Price in Constant 1983 $/st

1965 1975 1983
Asbestos 1/ 313.00 273.00 276.00
Barite, Ground 73.09 69.24 70.81
Clay, Common 4.32 3.09 4.25
Kaolin 68.10 69.48 81.19
Bentonite 37.70 26.55 28.30
Diatomite 145.00 137.00 185.00
Feldspar 25.93 30.02 31.10
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
Mieca, Ory Ground 139.00 111.00 118.00
Perlite 1/ 24,80 24.38 23.05
Phosphate Rock 1/ 20.77 43.46 23.97
Potash, All Types 1/ 132,13 170.90 145,97
Salt, Pressed Blocks 68,572 85.47 71.52
Send & Gravel 2.387 2.67 2.95
Soda Ash, Natural 67.40 72.34 76.95
Stone, Crushed 4.15 3.84 3.87
Stone, Dimension 111.08 120.46 12¢.06
Sulfur 1/ 64.15 53.26 90.62
Talc (Producer Vaiue) 1/ £8.50 32.91 93.55
Vermiculite 1/ 52.00 72.00 96.00
Zirconium, Nonmetal 1/ : 281.00 908.00 268.00
1/ $/mt

Source:  U.S. Bureau of Mines (1985).
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Annex 2.2, Genetic Classification of Industrial Minerals
GENETIC CLASS INDUSTRIAL MINERAL
IGNEQUS
Intrusive Olivine
Chromite
Nepheline syenlts
Gronite
Pagmatitic and hydrothermal Feldspar
Mica

Guartz crystal
Lithium minerals
Beryltium minerals
Flourspar

Extrusive Basalt and related rcr;ks
Pumice and acoria
Perlite

SEDIMENTARY

Clastic Sand and gravel
Sandstone
Clays
Titanlum and zlresnium minerals
Rare-earth minerals
Diamonds

Blogenstic Limestone
Dlatomite
Phosphate rock
Sulfur

Chemical Barite
Salt
Sodium carbonate
Sodium sulfate
Mahcolite and dawsonite
Gypsum
Potessium minsrals
Borates
Calastite
Nitrates
Bromine
lodine

SURFICIALLY ALTERED : Vermiculite
Manganess minerals
Bauxite
Iron oxide
Tripoll and 1:avaculites
Zeolites

METAMORPHIC Marble
Slate
Ashestos
Tale
Magnesite and magnesia
Graphlte
Corundum snd emery
Garnst
Wollastonite
Sillimenite minerals
Pyrophyllite

Source: Harben and Rates (1984).
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Annex 2,3, Economic - Ceologic Classification

ASPECT GROUIP 1 GROUP 2

Bulk Large Small

Unit valye Low High

Place value High Low

Imports and exports Few Many

Distribution Widespread Restricted

Geology Simple Complex

Processing Simple Complex

GROUP 1-INDUSTRIAL ROCKS  2-INDUSTRIAL MINERALS

Genetic Subdivision

Igneous Rocks
Granite
Basalt and diabase
Pumice and pumicite
Perlite
Metamorphic Rocks
Slate
Marble
Sedimentary Rocks
Sand and gravel
Sandstone
Clay

timestone and dolomite

Phosphate rock
Gypsum
Salt

Igeneous Minerals
Nepheline syenite
Feldspar
Mica
Lithium minerals
Beryl

Vein and Replacement Minerals
Quartz crystal
Fluorspar
Barite
Magnesite

Metamorphic Minerals
Graphite
Asbestas
Tale
Vermiculite

Sedimentary Minerals and Sulfur
Diamond
Diatomite
Potash minerals
Sodium minerals
Borates
Nitrates
Sulfur

Source: Bates (1960).
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Annex 2.4, End-Use Classification of Industrial Minerals

cND - USE

Abrasives
Ceramic Raw Materials
Chemical Industry

Construction Materials
Aggregates
Crushed Stone
Lightwelght Aggregates
Sand and Gravel
Slag
Cement and Cement Raw Materials
Dimensicn and Cut Stone
Gypsum and Anhydrite
Insulating Materials - Thermal and Sound
Roofing Granules

Electronic and Optical Uses
Fertilizer Minerals

Filler, Filters, and Absorbents
Fluxes

Foundry Sand

Gem Materials

Glass Raw Materials
Mineral Pigments
Refractories

Well Drilling Fluids

Sources: Lefond (1983).
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Annex 2.5, Property Class cum End-Use Classification

Principal Property Class

Industrial End-Use and Typical Commodities

CHEMICAL MINERALS

PHYSICAL MINERALS

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

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

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

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

1
Structural Minerals: asbestos, cement, gypsum,
lightweight aggregates, perlite, sqnd and gravel,
stone and vermiculite;

Extender and Filler Pigments: iron oxides such as
ochres, limonite, hernatite, siderite, pyrite,
fnagnetite and goethite;

Abrasives: silica sand, corundum, emery, garnet,
industrial diamonds, pumice, quartz;

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

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

Industrial Gem Materialas diamonds, rubies,
sapphires;

Electronic & Optical Minerals: quartz, calcite,
mica, apatite, fluorite, halite.

Source: Kline (1970),
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Annex 3.1, World Production and Comparative Rank of Mineral Commo-

dities by Quantity, Average Unit Velue and Estimated Total
Value in 1983

Industrial Minerals
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Metals and Ores

- =57-
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Annex 3.1. (continued)

Precious Minerals
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Profile of Industrial Minerals by End-Use Classes

End-Usge Class

Minerals and Mineral-
Derived Compounds

Major Function, Intermediate
or End-Product

Abrasives

Ceramic
Raw Materials

Chemical
Industry

industrial diamonds
garnet

silica sand
diatomite

pumice

tripoli

corundum &: emery
glass sand & salt

clay, silica,
kaolin

alumina, z!irconia,
magnesite, olivine,
talc, wollastonite,
limestone, calcite
chromite, pyrophylilite

gilica from quartz
sand, sandstone

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

boron (from borax,
colemanite, etc.)

drill bits, dies, saws, wheels
abrasive paper, sandblasting grains
pressure blasting, cutting sand
metal polish, dental paste
polishing compounds

cleaning powders and soaps
nonslip floors, stair treads

silicon carbide (artificial abrasive)

skeleton formers

other refractory fillers

glass former & bonding agent

ceramic fluxes

fluxes in metal processing &
ceramics, constituent in glass,

aid in glass & textile manufacture;
gasoline additives, pharmaceuticals,
insecticides, flame retardent;

bromine (from brines,  flarne retardents, gasoline additives,

seawater) :nsecticides, desinfectants, bleaching
agents, photography, medicines, textiles,
rubber;

flourine (from

chemicals for refrigerants, aerosol
flourspar}

propellants, fire extinguishing agents,
dielectrics, anesthetics, medicines;
various process aids

sodium, caustic soda,
soda ush {from salt,
limestone)

glass manufacture, chemicals, pulp and
paper, soaps & detergents, water
treatment
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Annex 3.2. (continued)

End-\Use Class

Minerals and Mineral-
Derived Compounds

Major Funetion, Intermediate
or End-Product

Construction
Materials

sulfur (from brim-
stone, pyrite)

Crushed stones:
granite, diorite,
basalt,diabase,
dolomite, limestone,
sancstone, gneiss,
ariphibolite,
marble, quartzite

pumice, volcanic
cinders, tuff, clay,
shale, slate,
vermiculite, perlite

sand and gravel

cement raw materials:
limestone, marble, marl

shale, clay, bauxite

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

gypsum & anhydrite

insu.ating materials:

perlite, pumice, ver-

miculite, argiilaceous
limestone

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 aggrugate, masonry and cavity
fill, formed products, insulation

concrete aggregate, plaster sand, as-
phaitic 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,
iaboratory 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, contasiner glass; agri-
cultural use: soil conditioner

thermal and acoustic insulating
barriers, rock wool, glass fiber,
insulating plaster and aggregate
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Annex 3.2. (continued)

End-Use Class Minerals and Mineral-
Derived Compounds

Major Function, Intermediate
or End-Product

roofing granules:
basaltic gravels,
diabase, nepheline
syenite, greenstone

Electronic & quartz crystals,
Optical Uses caleite, mica
Fertilizer phosphorous, potassium
Minerals calcium, magnesium
sulfur, boron,
manganese,
chlorine

Fillers, Filters
Absorbents
Filler Materials asbestos, barite,

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

Filter Media diatomite, ashestos,
fuller's earth, acti-
vated bauxite

Absorbents fuller's earth, bentonite,
rmontmorillonite, dia-
tomite

Fluxes sodium, potassium
lithium, boron,
flourides

limestane, silica,
flourspar

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, plasties, building &
insulating compounds, rubber, paint,
asphalt, detergents, pesticides, pellets,
paper, greases, adhesives, ink, drilling
mud, wallpaper, plasters, ingecticides,
cosmetics, textiles

filtration of:

water, waste effluents, coolants,
industrial liquids, petroleum, matallur-
gical processes, drugs & pharmaceuticals,
chemicels, food products

absorption of:

oils, fats, waxes, resins, brewery
products; carriers for: insecticides,
herbicides

cleaning & degreasing metal surfaces
for soldering; arc welding

metallurgical smelting cperations,
increasing slag fluidity, lowering melting
point
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Annex 3.2. (continued)

End-Use Class

Minerals and Mineral-
Derived Compounds

Major Function, Intermediate
or End-Product

Foundry Sand

Industrial Gems

Glass Raw
Materials

Mineral
Pigments

Refractories

Well Drilling
Fluids

clay-free silica
sand; clay containing
silicon sand; zircon,

mold meking and core media for
foundry industry;

olivin sand,chromite sand,

staurolite;

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

silica, sand, soda
ash, limestone,

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

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

clay, kaolin

bauxite, kyanite

quartzite

magnesite, periclase,
chromite, dolomite
zircon, chromite,
graphite

barite, bentonite,
asbestos, fuller's earth,
graphite, gypsum,lime-
stone, mica, periite,
quartz, salt;

drill bits, too!ls, grinding wheels;
optical instruments, bearings In
watches, compasses, gages and
metering devices, analytical balances;

glass containers, pressed and
blown glass, flat glass;

paints & coatings: primers, rur-
facers; colouring of rubber,
plastics, building materials;

fire clay bricks: mstallurgical
furnaces, ceramic kilns;

high alumina brick:

cement & lime kilns, metailur-
gical furnaces;

silica brick: steel-making;
basic brick: stee] & cement
industry, glass;

special refractories: crucibles,
heat treating furnaces;

components of muds: weighting
materials, viscosifiers, thinning &
dispersing agents, fluidless cont-
rol agents, hydre’racking, cake
formation;
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Demand Pattern of Industrial Minerals in the
United States in 1983

1 ITEH | DESICHATION OF | . DESIGWTION OF 1 0.5, DD | DISTRID. OF U.S. |
1 . | IKDOSTRIAL HIMERAL | HAJOR USES {1993 [k i) | DEVD IH 1983
| 1 | | ! I
{ 1, | fabestos | Total { 271 e.n |
1 ] | 1 H 1
| H | = Flooring Products ] (-] nA |
| ) | = fabestos Cemend | W1 1.8 |
1 I I = BooFing Products | [ ] .n i
I 1 | - Friction Produsts I 481 22,17
| 1 { - fabwutos Cemand Shast | 11 488 1
| i | = Packing and Casksts { 12 4 5.5% 1
1 ) | = Imulstion | 11 L5 |
t | | = Paper Producis | 21 L9 |
] | 1 - Textilea | 1) [ 1]
| 1 | = Coatings and Cowpounds | a1 10,68 |
| 1 I = Pinstics | 11 051
1 t | - Other 1 41 19.48 1
1 L | I | |
I 2. | Barite | Total | 20 . 1
| | | 1 I t
| | | = 0il and Gas Indostries 1 un | %N |
1 l | - Irdustrial Chemicals | %1 1.5
| | 1 - Paints 1 2 | L1
| | | = Diher | 51 1N\
| 1 | I | 1
| 3. 1 Bauxite and Alusinal Total 1 4| 100.0% |
i | | | | I
| | | - Refractorins | 1771 HA
| | | - Chemicals and othar ] 11 5.4 |
| 1 | « Rbrasives | 66 | 15,58 |
i | | { I |
| 4, | Boron and Borates | Total | | 180,80 1
| 1 i I 1 i
1 1 1 - Coramics and Glass I 188 | |
i ] | - Coating and Plating I 191 In i
| | | = Agricalture | 131 4% 1
| 1 | ~ Soaps and Delargents | H 0.9 |
| 1 | = Fabricated Hetal Prod. | 311 1|
i ] | - Othar | a7 1\ i e |
| I i I 1 |
| 5. | Browirs 1 Total 1 164 | 1.0t
1 1 1 | | {
1 i | ~ Gasolina Additives | kLN | wno |
| | | « Sanitary Praparatiors | 16 1 1. |
1 | | - Fire Rotardenis 1 L -3 EI L
| 1 | = Othar | “ui nm
I i I ! 1 i
{ 6 1 Cesent | Total 21311 mn |
1 | | { | |
1 1 | - Pendy-Mived Corcrate | 42538 | [ XK1 9
I | | - Concrate Predact Han, | 751 0t
| t I = (Rher 1 17237 | Bl
1 | { i { {
I 7. 1 Cheomim 1 Total | M e |
§ I | 1 1 |
1 ) | - Chemicel Industry t 56 | 7568 1
1 | 1 - Bafractory t 1§ FLE L]
1 ! l | 1 |
I 8. LlClap | Total 1 945 | 180.0% |
| | ] [ I |
| | 1 = Coratruction ] FLLEY ] [+ L
i i | « Rafractorins | an 5.6 |
| I | = Papar ProZucts 1 3014 4 a6 |
1 1 | = Iron and Stesl Frod. | m [ K W]
i 1 | = 0il and Gas Industries | 11244 Nt
| | 1 - Cormmics ard Class 1 685 | .68 |
1 1 | - Rbsorbents ! 181 1 |
| | | « Eubber ) N LA
1 | | = Foundry Rids I 5671 1, I
: 1 | - Cther | 178 1 AL

! 1 1 | 1
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ITEH | DESIGWATION OF | DESIGHATION OF I U5, DEN¥D | DISTRIB. OF U.5.

Ho, | THDUSTRIAL HIHERAL 1 KUOOR USES | 1983 (1040 ot} | DEWAMD IW 1583
I { | |

9. | Corundum and Emery | Total | 2.7 ! 100.6
| | | |
i | « Ceramics and Glass I 0.4 16.1%
1 | ~ Fabricated Hotal Prod, | 021 3]
i | « Contract Coratruction ° 141 S2.6%
| | - Transportation Equipment| 821 8.5
l 1 = Hachinery exzl. electe, 621 8.9
I 1 - Other l 621 .
| 1 I I

10. | Diamond, Indostriall Total | §.00064 ll 100.9%
I | I
1 | = Hineral Servicas | 0.00048 | 75.08
| | = Electrical Hachirery | 0.00004 | 6.3%
l § = Tramyportation Equipm, | o.00084 1 6.3
1 | - Hachinery excl. slectr, | b.00002 1 in
| | - Rbrasives | g.40002 1 i
] | - Contract Construction | £.00002 1 L.
| | - Other | 0.60002 1 i
| | } I

11. | Diatonmits 1 Total | 429 | 1000
1 | I |
| | = Filter Hedia | 285 | 1.8
! I - Fillers and Additives | 14 | 1.0
I | - Other i 181 L) )
| { 1 I

12, | Feldspar | Total |1 636 | 100,48
| ) | |
l 1 - Class b it 59.5%
I | - Pattery l 43 1 BN
| | = Other I At 1.3
| | | {

13. | Floarapar 1 Total | 512 1 108.0%
1 l . 1 i
I | = Chemicals 1 n? 1 9.4
1 | - Primaty Rlociniom Fred. | nel 21,5
I { - Crode Steel Prodestion |1 1611 na
| | = Ceranics, Class, Polteryl 61 1.2
1 1 - Other | 18 | .5
| 1 i §

M, | Gt 1 Total | 4.6 1 100.0%
| 1 I |
1 | ~ Caramics and Gluss | 8.2 1 .0
| | = fppliances and Equipeant) 25t 10.0%
l | « Transpartation l 1111 45.0%
| | = Filtration Hedia | 7211 <R 11
l | = Electronic Components | Fa N 8.0%
| | « Other | 1,21 5.00
§ I 1 |

15, 1 Craphite | Total | B/ 100.0%
i I, | |
1 | - Rafractories 1 31 o8.1%
i | - Teon and Steel Pred. | 1l 7.0
| | = Lobricants ] 41 9.3%
| | = Porcils 1 21 4N
] | - Batleries | 21 L7
| | - Tramsportation I 11 .0
| !« Other i 41 9.3
) I i [

16. : Sypom I Total | 19016 | He.n

| i I

l | - Gypsum Predacts t 14862 | AN
| { - Cament Velarder I 3560 | 18.1%
I | = Rgricalture | 1188 | 6.
| i - Fillars and Othar I 171 [ ]
k | i |

e o i - T T Ay S L e . o S — g S T Gt e MR o S e S e TR el S e e e
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| ITEM | DESIGHATION OF | DESIQWTION OF 1 0.5, DEN#D | DISTRID. OF U.S. |
1 10, | INDUSTRIAL HIMEEAL 1 HAJOR DSES 1 1983 11040 ot) | DEXRND IH 1993 11
1 | I | {

1 17, 1 lodipe i Total | 3.67 | 100,00 I|
| 1 I | |

1 1 I - Catalpnts l 0,501 1368 )
| | { « Food Prodocts | L9l H“n
| I | ~ Pharmatenticals 1 8821 nan i
| l | ~ Stabilitars | 0.8 25 1
i 1 t = Ink and Colozants | 0.36 1 N |
l 1 | - Sanitary Gams i £.86 ) 2.5 1
| | | - Photography t (KL 2.5
| | | = Olhar 1 L5 L8|
| | I ) | \
1 18, | Xyanits & Ealated | Total ! L) 180.0% |
| | Hinerals | 1 I l
| | 1 - Iron and Steel 1 HER 5650 1
| ] | - Honfereous Hetals ) 161 0.8 1
1 | | = Class and Carmmics 1 i 5.0 10
| | | - Other | 91 ue i
| | | | | I
I 19, | Lime | Total | 13518 | 100.08 |
| { 1 | i 1
1 § | = Teen and Steel i 4891 | BN
1 i | « Chemical 1 2103 ¢ S2.3 !
| | } = Comstroction l 10901 .18 1
| l | « Rafractory 1 3| 2.60v &
l | | = fgricoltore l 551 KL
| | 1 | 1 |
I 20, 1 Lithim 1 Total | 2. m.n |
1 i | | I |
| | | = Prizary Alminica i 8.2 B4 )
| 1 { ~ Caramicy and Claas | 0S| 7238 |
| § 1 - Lubricants i 041 .58 1
{ | | = Batlories ] 6.0 2 )
l | | - Other | 8.3 1348 1
l 1 1 1 1 I
I 21, 1 Hegmeaite | Tatal | 24 HR
1 1 I | H l
; | | - Rafeactarins 1 588 | an i
| ] | = Chewical Preducts | 141 7.0
| l I ! 1 |
| 22, | Hangorase 1 Total | LEN nen |
| | | | ! |
i i § Chemicals i 1 L |
| § { Battaries ! 31 Ll |
l | I ] | ol
I 23, | Hice (Shest) | Yotal 1 i mee |
I | | I l I
] | | = Vacoon Tabes | [ AL 20|
t 1 | ~ Electrical, Irdustpial 1 1 1
| i 1 and Roosehold ] 6.961 | %608 |
1 i | - Capaciturs | 0.082 | LAl
1 | [ - Gther 1 [ U 1.8% |
| 1 \ | I \
1 | Hica (Scrapand | Tolal | 151 080 |
I § Flaks) I ! 1 i
| I | = Electronic and Elsctri- | 31 4 |
1 | 1 cal Irdustriss | | 1
| [ | - Sypecn Uallboard Coment | 9 | %5 |
| | | = Pairt Pimeant Extandar | 151 104 |
1 1 | - Uell Deilling Mud 1 1ni LK
] i | - Other } 1y wn i
| | | ! I I
| 24. | Hitrogen Compounds 1 Total ! 12400 § FUEN [
| 1 I ! i 1
| 1 | = Fertilizers | [:]LA [ 1% i 3
| ! 1 - Flastics and Symitwtics | 4 0.0
! i | = Esploaives t 4% | 400 |
1 | | = Othar | M [ N LI
[ I 1 1 (] ]
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(continued)

| ITH ! DESIGWTIOH OF I PESICHATION OF | 0.5, DEMRHD | DISTRIA, OF U.S.
I HO. | THDUSTRIAL HIMERAL 1 HAJOR DSES 1 1983 (1900 utl | DEMAHD I 1963

..l | { I

1 25, [ Farlite | Total 1 71 100.0%
I | | 3 |

1 I | = Camstroction 1 3081 €9.0%
| | | = Filtar Hedia 1 7 1 12.0%
1 1 * - Pgricolivre | kL 7.9
! | | = Other I 71 6.1%
| 1 | ! |

I 26, | Prosphate Rock { Total | 19780 | 100.8%
| 1 1 1 |

| | 1 - Ferlilizera | 17900 | 90.0%
| l. | = Oiher | 1900 | 0.8
1 | | 1 I

I 27. | Polash 1 Total | 5653 ) 100.0%
] | | ! I

1 1 | - fAgricaltore | LXL)| 94.5¢
i | t = Chemicals I A2 5.5
| 1 ! | |

i 28, | Pomica and Pomicite) Total § 31 100.4%
| | | : I |

i ] 1 = Comtroction 1 S48 | 95.60
| | 1 - Rbrasives 1 16 | 1.8\
| | | « Other 1 91 1.6%
| | | 1 i

I 29, | Cuarte Crystal | Total | WAt LT
1 I | | i

l | I = Caltorad Quartz 1 E3 1 L]
1 I | - Tosed Quaris | LR L1
| i I I {

I 30, | Rera-Earth Elesentsl Total | 19.61 183.68
| | 1 | 1

| | 1 - Petzoleca Catalysts | 12.7 | e4.6%
1 | 1 = Class ard Cermmics | 141 2.
| 1 | - Hetallurgical 1 191 13.5%
1 l | - Other i 0.6 1 n
1 1 I 1 b

1 3L i Salt 1 Total 1 ]I | 160.0%
I | | 1 j

| | | = Chemicals | 19225 | 52.9%
t i I - Duicirg | 6250 1 1.2
1 | | = Papar Prodacts | 13\ LA
I t | - Food Products | 27 1 5.
1 1 | = Agricaltore -+ 1456 | i
1 | | - Hetal Production ] 220 % 068
| | | - Patrolamm i B33 | L
! ] I - Textiles ard Dpaing I 155 1 (K1)
| 1 t = Gatar Treatment | i n
! | { - Othar i 5148 | Han
l i { 1 |

I 32. 1 Silicon | Total { 95 | 1ne.n
| 1 | 1 !

1 | { = Tramsporistion ] 136 I i
[ | | = Comstroetion | [ 13.8%
1 I 1 - Hachinery i el 7.0
I | 1 - Elactrical 1 181 1%
1 1 1 = 0il and Gas Industries | 131 2.9
i | | - fppliarces ard Ecmipmant! it 4.9%
1 1 1 = Chemicals l 7 17.9%
| | | = Other H HI 2.5
I | 1 | 1

| 33, | Sodicm Carbunaie 1 Total | €231 1 1n.n
1 1 | b |

I ] 1 = Glass | mei an
1 1 1 - Chamicals i 12701 0.4
§ ] | = Pulp and Paper i ni 2.5
| 1 | = Gatar Troatment i 209 1 n
t | [ = Soap and Detergunts ! 562 1 .1
1 1 | = Camical Products ] 878t .18
) ! 1

o i e i - . i e A e R e W ews P T R e e e prn S g NS o S — Wyt i e R SR Gem e e S e Sl m AL e S e SR W m e WS e — A
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Anncx 3.3. (continued)

fOITEH | DESIQRTIONOF |~ DESIQHRTION OF | .5, DD | DISTRID. OF 0.5, |
| N0, ) TMCUSTRIAL HIMESL | WJOR USES 11503 (1080 wi] | DOWWD IN 198 | .
I { | t { (i
| 3, | Sodiom Sulfata ] Total : §86 | m.ni
! | | | | |
] { | = Erafl Paper | %41 o.n
| I { - Detargants, 1 N1 LR
1 | | = Class ) i (R
| i |« Other i " " |
| 1 1 1 ) ]
I 35. 1 Stone,Sand & Cravell Total | 13899711 Hm.n |
] | | i | 1
i b Stone {ermated) | Sabdatal | by 5.0 1
| I | | | 1
| ! | = Coratroctien § (118 ] a.n i
| ] | = Cavant Harnfaz ~-a ] e 75 R 548 |
1 | ! - Lim YamfactoL | 19951 | P I
1 1 I « Tron and Stasl Pred, | [HTH] 6% |
f | | = Fillars srd Extendars | 4536 | LN |
| | 1 - fgricoliura | 15851 ) 1.4 |
| 1 | - Oihar | 55119 1 4an |
| i | 1 ) I
| 1 Store {Dimnsiom) | Satiotal | Lo N [ AL
| ! l | 1 1
| ] ! - Cranite Comtrociion | w1 | LI
1 ] | = Corbing | 41 LN\ O]
1 | | = Other | 612 1 LIV
1 l I l 1 \
1 | Sand and Grave, | Sabtotal 1 G16080 1 Heo
1 I | I § |
1 1 | « Construction | 331851 aa |
| l | - Glass Sand | - N 1.6 |
] 1 1 - Foundry Sand | AR (K1
| | | = fbrasives 1 SLICH] [ O]
| 1 1 = Bpdraulic Fractoring | | L
| | I - Olbar 1 M1 [0
1 | ! I I |
1 36, | Strontiom 1 Tolal : wel uLn |
| l l 1 |
] | t = Talavision Pictore Tube | i |
! 1 1 Clus | 121 (TR ]
| 1 | « Pueotechnic Hatarinls 1 24 1 i g
| 1 | « Ferridn Hagrets | 141 in |
1 | | - Caramics and Glass 1 21 (R 3}
| | | = Piguarly ] 161 N
! § 1 - Mhar 1 221 nn i
1 I I | t 1
| 37, | Sulfur ] Total | 11%8 1\ m.n )
| 1 ! 1 1 |
{ | | ~ fgticaltore i H .08 10
| I t - Deogs and Food Prod. 1 51 L
1 1 | - Soaps, Detargents, ste. | %71 1.1 )
1 i I« Plastic and Synth. Frad.i 0 444 |
1 | 1 = Papar Prodocts 1 w21 4 |
1 i | = Painta, Irorg. Pigments | 12010 L |
| | | = tatal Hining, Procaasingl M1 (AL
] } 1 = Explosives | ni (B |
| ! | = Petrolecm Bofining | [}L N 7251
I l | - Iron and Sieal Frod. | | n
| 1 | = Sterage Batterins 1 8 (B3]
| 1 1« Qthar ) mi [ L
1 1 1 ! i i
I 3. | Tale & Pyecpiyllital Yotal (L)} R
I ; I I l |
| l 1 = Cermaics | i nan |
1 | | = Cosamtics 1 (-} S0 |
] | | - Tacticides | L 1Al
1 1 | - Paint 1 152 1 jr N I
1 { | - Paper ] ni T B
\ I 1 = Plastics ! 1 59 |
| ] | - Rafeactories 1 11 2.5 |
| ! ¢ - Eoofing 1 Y A |
1 1 | = Bubbet 1 bl M
| 1 | - Cthar | 1 W |
| 1 \ | | i
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Annex 3.3. (continued)

| ITEM | DESIGNATION OF ¢ DESIGHATION OF | U.S. DEMAND | DISTRIB. OF U.S.
I HO. 1 INDUSTRIAL HINERAL | HATOR USES | 1983 (1000 =i) | DEMAHD IM 1933
1 | | I |
I 3%, | Titanium | Total | 47 | 100.8%
| | | | {
| | | - Paints 1 1 47.8%
| ! | - Paper Products | 1244 26.6%
| I | - Plastics and Synthetic | |
! { i Products { 60 ¢ 12.8%
1 | 1 - Rubber Products | B 1 1.A
| 1 | « Coramics and Glass 1 S 1.
l i 1 = Fluxes I 51 1.0%
i 1 | = Other ! @l 8.9%
i | { I l
I 40, | Uermiculite ( Total | 260 1 100.0%
| i | | l
i | | - Comstroction [ 167 | 71.0%
| | | - Rgriculture i 65 1 5.1%
1 [ | - Othar | el L%
| I | [ |
| 41, | Zirconioe and I Total | 37.61 1 100.0%
| | Hafnium i | |
| | 1 = Iron and Steel Foondries! 2.7 1 57.9%
I 1 | - Rofractoriss 1 12.70 1 33.8%
( ! | - Coramics and Glass ] 2.722 | oV
I | | - Abrasives i H/R 1 L]
i J | « Chemicals i 9.36 1 1.0%
1 | | - Muclaar Reactors i 0.03 | 0.1%
: | | « Other | 0.02 1 0.1%
1 ! i l

Source:  U.S. Bureau of Mines (1985).
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* Annex 3.4, (continved) o
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Annex 3.4. (continued)
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‘Annex 3.4. (continued)
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Industrial Minerals

Average Unit Value and Typical Price Range of

— . D e e e b o . . wr a T a——  — - CEn g A g G g Sl —— A e G e wm S g T G G kS A G g S g S mmp S g m— —

| CATEGORY OF LWIT | AVERAGE UHIT UALUEN TYPICAL PRICE l
ConolTy 1 VALLE (USt/et] | 1983 [US#/at} | RANCE 1983 (USY/mt) |
| | | i
Dismonds, Industrial 2 20088009 | 925000 1 5950070 - 45900000 :
| l |
Rarg Earths | Y 10050 ¢ 24157 i s - 44000 |
Todins | \ 14500 l 14008 - 15000 §
| | | l
Lithiun Raw Materials | » L0 1 1771 ! m - 5|
Quartz Crystal 1 i 137 W - 5% |
Silicon | 1 1163 | 0 -
I | | l
Bronine | Y180 1 563 | 50 - 535 |
Hica l | 550 I 165 - 480 |
Asbastos I { 350 l 29 - 26 |
Boron { | 272 | 0 - 300 |
Rutile | | 4 no- 425 |
Corundum and Emery I | 220 | m - ri: I
Barnst | | 1?7 i m - w0 |
Diastoniln 1 | 204 | a7 - 54D |
Breshite | | 182 i 5 - 1250 |
Wil lastonite | | 160 i 130 - 190 |
§tone, Dimension | | 139 | 120 - 148 |
Jrcotiive § Hafnive | | 126 i 4 - 185 |
Chizsite | ) 114 | 4 - 143 ¢
Fotash | | 1" i i - 144
Hitratn | | 12 | 5 - 180 ¢
psnite & Falated Min, l | 04 i 0 - 137
{ | | |
Floursper ! RN ¥ | 4 - 194 1
Uernieulite 1 i 9% L & - 198
tanganssa { | 9 l M - 45 |
tepheline Spnite I | W - U
Sadius Catbonate { | [}] l U - 1m
Strontium | | 682 { 82 - 128 1
Sulphur 1 I y @ - 4
Sodium Sulfate | i i i n - %1
Comant 1 1 76 { 4 - L
Tlmnits | | & 1 B - 162 1
Tale, Seapstons, Pyrcphyltite | [ B | M - 248 |
Kaelin 1 | 2 | - 165 1
Dlivine 1 ! s | 5 - e
Barite i h &5 | % - 160 |
Foldpar i l a2 { N - 143 |
fagnesite i | 2 I £} - 87 1
Banteaita and Fuller's Earth | | 41 | n- 143 |
Phasphates i | » I % - 50 1
Porlite | l b)) i B - 68 1
Bauxite | l a3 { 7 - 124 |
Salt i | 17 5 - 2% |
Silica, Ind, Sund | | 13 i - 131
Punice & Raletad Hin. i l 10 ! 6 = ot
| | i §
Epaue L nhrits i RN 9 1 8 - ni
Clays, Cosmer, | | 5 i 2 - 71
Stone, Lrushed 1 | & | 3 - |
Send and Cravel I | I 2 - 4
Linastons & Dolouite ( | 3 1 3 - 41
{ I § L
Sources: U.S. Bureau of Mines (1985); Callot (1985); Industrial

(Januery, August, December 1983).
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Annex 4.2, Survey of Freight Rates for Industrial Minersl
' Shipments Reported for 1986
Commodity From/To Quantity (tons) Freight Rate ($/ton)
Barytes Madras/U.S. Guly 25 000 i2.-
Casablanca/Aberdeen 3/6 000 9,.-
Shanghai/U.S. Gulf 30 000 12,-
Bentonite Milos Is./Seven Islands 25 000 5.-
Chrome Ore Richards Bay/USEC 10 ooo 12.-
Fluorspar Aviles/New Orleans 15 000 7.-
Mombasa/Rotterdam 5 000 25.-
Gypsum Spain/Puerto Rico 20 000 5.-
Mineral Sands Sri Lanka/New Orleans 10 000 16.-
Phosphate Tampa/Japan 25 000 18-
Tampa/W. Australia 29 000 16.-
Potash Aqaba/Taiwan 15 600 11.-
Vancouver/Puerto Cabello 25 000 14,25
Pumice Yali/Annaba 5000 8.-
Salt Cedros Is./Nicaragua 25 000 5.-
- Shark Bay/Penang 10 000 11,50
Sulphur Galveston/Tunisia 30 000 10.-
Poland/India 20 00O 20,50
Vancouver/Safi X5 000 12.-

Source: Industrial Minerals (January, March, July 1986).
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Annex 4.3 a. Share and Comparative Rank of the First Country,
the First Three and the First Five Countries
in World Production of Industrial Minerals
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Sources: U.S5. Bureau of Mines (1985); Callot (1985).
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Amnex 4.4, Major Producers of Industrial Minerals

CoMMDDITY PRODUCER COMMODITY PRODUCER

The Stendard Slag Co., NV, U.5.A,

ASBESTOS African Chrysotile Ashestos L_cd., South Africa
Yukon Barite Company Ltd., Canada

Anglo-Dutch Exploration & Mining Co, (Pty) Ltd., South Africa
Asbastes Corporation Ltd., Canada

Asbestos Corporation GMBH, W. Gzrmany BAUXITE & A.P. Green Refractaries, AL, U.5.A.

Calaveras Asbestons Ltd., CA, U.5.A.

Carey Canada Inc., Tanada :

Cazsiar Mining Corporation, Canada

Chrysotile Corparation of Australia Pty. Ltd., Australia
The Grigualand Exploration & Finance Co,, Ltd., South Africa
Havelack Asbestos Mines Ltd., Swaziland

J.M. Ashestos Inc., Caneda

Jdequays Mining Corporation, AZ, LLS.A.

Lac D'Amiante Du Quebec, Ltee., Cenada

Les Mines D*Amiante Bell, L tee., Canada

Powhaten Mining Company, N.C., U.5.A.

Shabanie & Mashaba Mines {Pvt) Ltd., Zimbabwe

Tetico Tekhik Ticare, Turkey

Vermont Asbestos Group, Ine., VT, U.S.A,

Allied Flouride Ltd., Ergland -

Bermine S.A., Peru

C.E. Giulini (Derbyshirs) Ltd., C.E., England

Cash Industeies, Inc., CA, U.S,A.

CiadJinera "Gabache™, Chile

Cyprus Industrial Minerals Co., GA, U.S.A.

Cyprus Thompson Weinmarn Ca., GA, U.S.A.
Ceutsche Baryt-Industrie (G:. Alberti & Cc.), West Germany
Deowa Mining Co., Ltd., Japan

Extender Mingrals of Canada, Canada

Faleon Minerals, Inc., Philippines

Ferrites Magnetices 5.A.-F ermag, Bruzil

FMC Corp., Industrial Chemical Group, NV, U.S.A.
IMCO Services, NV, U.S5.A.

Mageobar Ireland Ltd., Irelend

Mageobar Minerals Div. Tresser, TX, U.5.A.
Milchem Incorporated, TX, UL5.A.

Mineral Mining Coio. (1965) Ltd., * »nya

Mineraria Siliuz S p.A., Italy

Montiana Barita Co, Inc., MT, U.5.A.

Montana Esrite Cu, Inc. MT, LLS.A,

Mouritain fdinersls Co. Ltd., Canada

New Riverride Ochre Comgany, GA, U.S.A.

NL Induatries, Inc. (Baroid Division), Peru
Gzarle-Manoning Co., I, U.5.A.

F&5S Barite Mining Co, Ltd., Thailand

Tha Paga Mining Company, GA, U.5.A,

Perubar S.A., Peru

Pfizer, Inc. Minerals Pigments & Metals Div., CT, U.5.A.
Preussag AG Metsll, West Germany

Silver & Baryte Ores Mining Co., Greece

Societe Des Produits Chim: res De Viviez S.A., France

ALUMINUM ORES  Alcan Jamsica Company, Jamaica

Alcoa Exploration Co., Dominicrn Republic

Alcoa of Australia Ltd., Australia

Alumina Partners of Jamaica (ALPART), Jamaica
Aluminum Co. of America, AR, U.S.A.

Aluminum Pechiney, France

American Cyanamid Co, Ind, Chem. Div., AR, U.S.A.
Bouxites Distomon, Greece

Bauxites Parnasse Mining Co,, Greece

Bharat Aluminium Company Ltd., (BALCO), India
Comalco Aluminium Ltd., Australia

Compagnie Des Bauxites De Guinee, Giunea

Delfi Bauxite, Greece

E.l. Du Pont De Nemours & Co,, Inc., FL, U.S.A.
Eleusis Bauxite Mines Mining, Industrial & Inc., Greece
Etibank Genel Mudurlugu, Turkey

FRIGUIA, Guinea

Ghana Bauxite Co. Ltd, Ghana

Greek Helicon Bauxites G.L., Barlos 5.A,, Greece
Guyana Mining Enterprise Ltd. (GUYMINE), Gyana
Harbison-Walker Refrectories, Div, Dresser Ind., AL, U5 A,
Hindustan Aluminium Corp. Ltd,, Indio

Hume & Milia Compania de Aluminio de 5.AM.1.C., Arganti..~
Indian Aluminium Company, L.td., India

Iron Mountain Mines, Inc., CA, U.S.A.

Jamaica Reynolds Bsuxite Fartners, Jarmalca

Johore Mining & Stevedoring Co. Ltd., Malaysia
Kaiser Jamaica Bayxite Co., Jamailcs

Maharashtra Minerals Corp., Ltd., India

Mineraceo Rio do Norte 5.A., Brazil

Minerals & Minerzls Ltd., India

Nabalco Pty, Ltd., Australia

National Aluminum Company Ltd. (NALCO), India
NV Billiton Maatschappij Sutiname, Surinem 77?
Offices de Bauxites de Kindla, Debele Mine, Giunea
P.7. Aneka Tambang, Indonesia

Reynolds Jamaica Mi~ns Ltd,, Jamaica

S.A. des Bauxites et Aiumines De provence, France
5.ANA. 5.P.A_, Italy

SIA Mincraceo Da Tindede (Samitrl), Brazil

Somiga, Societe Miniere et de Participstions Guinea, Rep. of

Guinea

Suriname Aluminurh Co., Suriiam

Swiss Afuminum Ltd. (Alusuisse), Switzeriand
Wilson-Snead Mining Company, AL, U.S.A.

-LL-



Annex 4.4. (continued)
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COMMODITY PRODUCER COMMODITY PRODUCER
BENTONITE Athi River Mining Ltd., Kenya Dn Beers Lesotho Mining Comp. Limited, Lesotho
Benguet Expluration Ine., Philippines Dominion Mining NL, Australia
Cudgen RZ ttd., Australia Ghana Consilidated Diamonds Ltd,, Ghansa
Falcon Minerals Inc., Philippines Idsho Garnet Abrasive Co., Idsho, U.5.A.
Internstional Mineratl & Chemical Corp., WY, U.S5.A. Mineracao Tejucana S.A., Brazil
fran Barite Co., Iran Nationa! Diamond Mining Co., Sierra L.eane
Silver and Baryte Ores Mining Co., Greece Maiilsnal Mineral Davelopment Corp., Ltd,, India
New Alamasi Ltd., Tanzania
Pakistan Mineral Development Corp. Ltd., Pakisten
BORATE Etibenk, Turkey Premier Diamond Mining Co. Ltd., South Africe
Rio Tinto-Zinc Corp. p.c, Englend 5.A. Da Recherches et D'Exploitstions Miniern En Cote
United States Borax & Chemical Corp., NV, U.S.A. D'voire, Ivory Coast
Soc. Miniere DE Bakwanga, Zalre
BROMITE Great Laikes Chemical Corp., U.5.A. State Gold Mining Corp. Ghana
Ethy] Corparation Comp., U.S.A. ) Williamaon Dismonds Ltd., Tenzanla
Dow Chemical Comp., U.S.A. k
Dead Sea Bromine Co. Ltd., lsrael DIATOMITE Manville Corp., U.S.A.
Associated Octel Co, Ltd., UK, o General Rafractoriea Co., U.5.A.
C2LCIUM Cyprus Diotomite Co., U.5.A.
CARBOMATE Pluess Staufer A.G., Switzerland Cearbonisation et Charbons Actifa, France
Omya GmbH, W. GGermany Dansik Moler Industri AfS, Danmark
A/S Kalkbrud, Tenmark
Blence Mineraux de Paris, France FELDSPAR Amberger Kaclinwerke GmbH., West Germany
Bellamar Enterprises, Philippines
CIHROMITE & Cie. Minera Agregades Calcareos 5.A., Peru
CHROMTLUM ORES Acuoje Mining Co., Inc., Philippines Thea Feldspar Corporation, NC, LLS.A.
Batlhako Mining Ltd., South Africs Industrlial Mineral Products, Inc., WA, U.5.A.
Benguet Corporation, Philippines International Minsrals & Chemicel Corp., NC, LL5.A.
Calmines S.A., Caledonia Kings Mountain Mica Co., In¢., NC, U.S.A. ~
Cam-Meta Minerals, Inc., Philippines Lithium Corporation of America, NC, U.5.A.
Cromore Ltd,, South Africa Lohja Corporaticn, Finland
Etibenk Canel Mudurlugu, Turkey Materias Primas Minerales de Ahuazotepec, 5.A., Mexico
Finencial-Minlng-industrial erd Shipping Corp,, Grasce Mindeco Small Mines Ltd., Zambla
G. Lluch & Scns, Inc., Philippines Mineral Minlng Corp., Ltd,, Kenya
Hellenic Mining Company, Ltd., Cyprus Mineria Di Fragne S.p.A., Italy
Henry Gould (Pty.), Ltd., South Africa Pagmin Ltd,, South Africa
Ingessana Hills Mines, Sudsn
Kraomita Malagasy (KRAOMA), Malagasy Republic FLUORSPAR Allied Fluoride Ltd,, England

DIAMONDS &
GEM STONES

L.avino South Africa Pty Ltd., South Africa
Miliszll Crcme Mines Pty, Ltd,, South Africa
Qutokumpu Oy, Finland ‘
Pakistan Chrome Mines, Ltd., Pekistan

Rhodesia Chrome Mines Ltd., Enoland

Sherwood Chrome Minaz, South Africa

Transvaal Mining & Finance Co. Ltd., South Africa
Winterveld Chrome Mines Ltd., Sovth Africe

Angala Diemond Ce., Angola

Brazil Diamante Ltd., South Afrlca

Buffelsbank Diemante Ltd., South Africa

COM Ltd., 5.W. Africa, Namibia

De Bears Botswana Mining Co., Botawana '
De Basrs Consolideted Mines Limited. South Africa

C.E.Glulini Ltd., England

Cash Industries, Ing,, TA, U.5.A.

Compania Minera Rio Colorado, S.A., Mexico
Denain-Anzin Mineraux SA., France

Fluorita de Rio Verds, 5.A. Mexico

J. Irving Crowetl, Jr. & Son, NV, U.S.A.

Kenya Flvorspar Co. Ltd., Kenya

Marico Fluorspar Ltd., South Africa

Mindeco Small Mines Ltd., Zambia

Minera Del Narte S.A., Mexico

Minera San Francisco del Oro, 5.A. d= C.V,, Mexico
Mineraceo Nosse Senhora do Carmo Ltde., Brazil
Mineria Silius Sp.A., italy

Ozaork-Mehening Co.,y I US.A.

Reynoldy Metals Co., TX, U.5.A.
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SoMMODITY PRODUCER COMMODITY PRODUCER

Raberts Mining Co., MT, U.S.A, North American Refractories, Western Division, CA, L).5.A.

Sachtleben Bergbau GmbH,, West Germany Nuova Sanac, S.p.A., ltaly
Soc. d'Enterprises, Carrieras et Mines de 'Esterel, France Qil-dri Corparation of America, M5, U.5.A.
Societe Anonyme D'Enterprises Minieres, Morocco Old Hickory Clay Company, TN, ULS.A.
Saciete Industrielle Du Centre, France Silver & Baryte Ores Mining Cao., Greece
Soeiete Tunislenne D'Expansion Miniere, Tunisia Societe Industrielle Du Centre, France
Tonto Mining & Milling Ca., Inc., AZ, LLS.A. Southeastern Clay Co,, 5C, U.S.A,
Transvaal Minig & Finance Co., Ltd., South Africa Southern Clay Products, Inc., TX, U.5.A.
FLA.LERS EARTH, The Standard Slag Co,, CA, U.S.A.
KAOLIN & CLAYS Comalco Aluminium Limited, Australia Stauffer Chemicel Co., AR, LL5.A.

A.P, Green Refractories, GA, U.5.A. Thiele Kaolin Co., GA, U.S.A, |
AFC Corporation, OH, 1L1.5.A. Wilson-Snead Mining Comgany, Inc., AL, U.S.A.

Ambarger Keolinwerke G.b.H, West Germany Wyo-Ben Inc., WY, ULS.AL |
|

Ameriean Colloid Company, MS, ULS.A. .
American Jrdustriel Clay Compeny, GA, LLS.A. GRAPHITE Grafitos Mexicanos 5A, Mexico
Graphitbergbau Kaisepaberg Franz

Anglo-American Cleys Corporation, GA, ULS.A.
Arcillas Tratadas 5.A., Maxico Mayer-Melnhof & Co., Austria

Babeock & Wilcox Compony Refractories Division, GA, U.5.A. Graphitewerk Krapfmih! A.G., W. Germany

Bellamar Enterprisas, Philippines : State Graphite Corp., Sri Lanka

Benton Clay Compeny, WY, U.S.A, Soriete Miniere de I8 Grandz [le, Malagaay Rep.

Beryl Ores Zoinpany, Inz., CO, U.S.A. AlS Sk:{and Grafitwerk, Norwsy

Blanca Nieves 5.A., Mexico 1
Caulizn da Amnzonia 5.A., Brazil GYPSLM A Sseed Baasher, Sudan ~d
Cie. Minera Agregados Caleareos S.A., Peru Ali Eisa Musa, Sudan hl
Cypesa Industrial Minerals Co,, TN, U.S.A. Bellamsr Enterprises, Phillipinss '
Dixie Clsy Compeny, SC, U.5,A. Ceanadien Gypsum Co,, Ltd., Canzeda

E.C.C. Ball Clays Ltd., Englend Cie. Minera Agregados Calcarecs S.A., Peru

Edusrd Kick, Kaolin und Querzsondwerke, West Germany El Sead Co. for Exploration and Mining, Suden

Empresa Da Refracterios Colombianos, $.A., Colombia Fundy Gypsum Co., Ltd., Canatls

Engelhacd Minerals & Chemicals Corp,, GA, U.5.A. Geurale-Pacific Corp,, Canada

English Clays Lovering Pochin Z: Co., Ltd., England Gold Bond Byilding Products, Div. of National Gypsum Co.,

Evana Clay Co., GA, U.5.A. Canada

Federal Ore & Chemlcais, Inc., WY, LLS.A. H.M. Haollewsy, Inc., CA, U.S.A.

The Feldspar Corporation, FL, LLS.A, Iwami Mining Co., Ltd., Japan

Freeport Krolin Co., GA, U.5.A. Jamalca Gypsum Co. Ltd., Jameica

General Refractorles Co., UT, U.5.A, Little Narrows Gypsum Ce. Ltd., Canada

Georgie Kaolin Compsny, GA, U.5.A, Michigen Gypsum Co,, MI. U.5.A.

Harbison-Walker Refrectories, Div. Dresser Industries, Inc., Minas de Sal y Yeso, Dominlcan Republic
MO, U,5.A, Mindeco Small Mines Ltd., Zambia
industrial Mineral Praducts, Inc., WA, U.S.A, Natianal Gypsum Ltd,, Cenade
International Minarals & Chemicel Corparation, WY, U.S.A, Superior Companies, AZ, LI,5.A,

J. M. Huber Corp., SC, U.5.A. U.5, Gypsum Co., VA, LLS.A,

Jay Johnson Kaolin Corp., UT, U,S.A, Waiton Gypsum Co., OK, U.S.A.

Kaycee Bentenite Corp., WY, U.S.A, Westroc Industries Ltd., Cenada
Kentucky-Tenne2sge Clay Co., KY; U.5.A.
Lincoln Clay Products Company, CA, t.5.A. . '

Magcobar Minerals Div., Dregsar Ind:mtriaa, Inc., WY, LLS.A, TLMENITE Allled Eneabba Ltd,, Australla
Minera Del Norte, 5.A., Mexico

NL Industries, Inc,, Cansda

Nerd Resources Corp., GA, U.S.A.

Yeso Mexicano, 5.A., Mexico

Agsociated Minerals Inc,, FL, U.S.A,
Austral Amalgamated Tin Berhad, Malaysia
Brush Wellman, Inc., UT, U.S.A.
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COWMODITY PRODUCER COMMODITY PRODUCER
Consalidated Rutile Limited, Australia Oy Partek Ab, Finland
Indiar: Rare Earth Ltd. Indis Ptizer, Inc, Minerals, Pigments & Metals Div., MA, U.5.A.
Mineral Deposits Limited, Australia The Queensgate Whiting Co., Ltd, England
NL Industries, Inc, Maclntyre Development, Norway SA Carsambre, Belgium
QIT-Fer et Titanz Inc., Canada Serrana 5/A de Mineracao, Brazil
Ractarvukki Qy, Finland South Africen Iron and Stee! Industrial
Richurds Bay Minerals, South Africa Corp. Ltd. (ISOR), South Africa
Rutile and Zircon Mines, Australla Sicetley Industries Ltd., Minerals Group, OH, U.S.A.
Superior Companies, AZ, U.5.A.
100MNE Ise: Chemical Industry Co., Jaran T.5. Thomas & Sons (Lydney) Ltd., England
Woodward lodine Corp., LL5.A. Texasqulf Inc,, NE, LLS.A.
Socieded Guimica de Chile, Chile USG Industries, TX, U.S.A.
CRUSHED LITHI
LIMESTIRNE Acerias Paz Del Rin 5.A., Cclombia MINERALS Foote Mineral Company, U.5.A.
& COLIRITE Alcoa Exploration Co., Dominican Republic Lithiurn Corp. of America, U.5.A.
Allizts Torp. Chemieal Sector, NY, LLS.A. Bikita Minerals {Pvt.) Ltd., Zimbabwe
Aluminium Co. of America, AR, U.S.A. Klackner & Co. A.G., Namibia
Ardal og Sunndal Yerk. a.a., Nozway
AlS Norwegian Tale, Mine/Mill, Norway - MAGNESITE Amax Inc,, NY, U.5.A.
The Broken Hill Pty. Co. Ltd., Australia Billiton, Netherlands
CF &: 1 Stea! Corp., CO, U.5.A. Devex itd,, Australia
Chromasco Divizion of Timminco Ltd., Cenada Financial-Mining-Industrial & Shipping Corp., Greece
Cie. Minera Agrecadis Calcareos S.A., Peru WNorsemen Gold Mines, Netherlands
Compsnhila Siderurgics Da Amazonia, Siderama, Brazil Norsk Hydro AS, Norwey - ]
Cyprus Industrial Mirerals, KY', U.5.A. Palabora Mining Co Ltd., South Africa @
Cyprus Thompson Weinman Ca., GA, U.S5.A. Zambvia Industrial and Mining Corp,, Ltd., Zambia o
Dofasco Ine., Cenada !
Dolomitwerke GmbH Wulfrath, West Germany MANGANESE Anschutz Mining Corp., MO, U.5.A.
Oravo Lime Company, KY, LLS.A. ORE The Associated Manganese Mines of South Africa, South

Cument-Wagtier 5A,, Carrleres et Fours a Chaux, Belgium
East Ohio Limeatone Co, OH, U.S.A.
Egyptian Iron & Steel Organization, Egypt
Empresas Incustriales E1 Mslon S.A., Chile
Engelhard Minerals & Chemicals Corp., VA, U.S.A.
FMC Carp., CA, US.A.

General Refractories Co., CO, U.5.A.

Gold Bond Building Provducts, PA, ULS.A.

ICI Australia Operations Pty., Australia
Induatrial Mineral Products, Inc., WA, U.S.A.
The . E. Baker Co., PA, U.5.A,

Jera=y Miniere Zinc Co., TN, U.S.A.

The Jeypore Sugar Co. Ltd.; Indiz
Kerr-McGee Chemicat Corp., TA, U.5.A.
Lime Div., Rangaire Corp., VA, U.S.A.
Lohja Corp., Finland

Mannesmann Minerecao Ltda,, Brazil
Mijnmaatachappij N.V., Netherland

Mindeco Small Mines Ltd., Zambia

Minera Del Norte, 5.A., Mexico

Mircral Mining Corp., Kenys

Mauntain Minerals Co, Ltd,, Canada

The Mational Lime & Stone Co,, O, LLS.A.
Nittetsu Mining Co., Japan

Norsk Hydro a8.8., Norway

Ohlo Lime Co., OH, U.5.A,

Africa

Buenavista, SA, Mexico

Campagnie Mintere De L'Ogooue, S.A., Gabon
Central Provinces Manganese Ore Co., Ltd., Indla
Chowgule & Co. PVT. Ltd, Indla

Cia Minera Buenavista, 5.A., Mexico

Companhia Siderurgica Nacional, Brazil

Compania Minera Autlan, 5.A, de C.V., Mexico
Eleusic Bauxite Mines Mining. Industrial & Shipping Inc.,
Greece

Enterprize Miniare De Kirsenge- "Mangenese", Zaire
Ghana National Manganese Corp., Ghana

Groote Eylandt Mining Co. Pty, Ltd., Australla
Industria @ Comercio de Minerlos 5.A. (ICOMI), Brezil
The Jeypore Sugsr Co, Ltd., India

Kerr-McGee Chemical Corpoaration, M5, U.5.A.

Luck Mining Co., Mexico

Manganese Ore (India) Ltd., India

Middelplaats Mangeanese Ltd,, South Afriea

Minera Del Norte, 5.A. Maxice

Orirsa Minerals Development Co. Inc., India

Ranu London Manganese Mines (Pty) Ltd., South Africa
Raodvpan Manganese Carp, (Pty) Ltd,, South Africa
S.A. Manganese Amecaor Ltd., South Africa
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COMMODITY PRODUCER COMMODITY PRODUCER
MICA Ciz. Minera Agregados Calcarecs 5.A., Peru Industrial Minerals Enterprises, Pakistan .
Deneen Mica Coa., CG, U.S.A. International Minerals & Chemical Corporation, FL, t).5.A,
Dismond Mica Co., CO, U.S5.A. Inversiones Y Minerales, 5.A., Mexico
The Feldspar Corporstion, CO, U.S.A. J.R. Simplot Company Minerals & Chemical Div., 1D, LLS.A.
Industrial Minerals, Inc., CO, U.5.A. Jordan Phosphate Mines Co, Ltd., Jordan
Kings Mountain Mica Co., Irc., CO, U.5.5, M.C. West, Inc., TN, LLS.A,
Lithium Corporation of America, CO, U.S.A. Mijnmaatschappij N.V., Netherlands
MM, EL Shaigi, Sudan Mobil Chemical Co. Minevals Grp., Phospharous Div,, FL,
Mineral Industrial Commodities of America, Inc., New Mexico U.S5.A.
Pegmin (Pty) Ltd., South Africa Monsanto Co,, TN, U.S.A,
Seetharama Mining Company, India Nauru Phosphate Corp., Nauru
LS, Gypsum Co., CA, U.5.A, New Wales Chemicals, FL, U.5.A,
NEPHELIN Oceidental Chemical Co. (Oxychem), FL, U.5.A.
SYENITE Indusmin Ltd., Canada Gffice Cherifien des Pirosphates, Morocco
IMC Chemizal Group Inc., Canada Offics Togolals Des Phosphates (O.T.P.), Togo
Norsk Nefelin, Norway Phosphate Development Corp. ‘.td., South Africa
Gueensland Phosphate Ltd., Austraiia
CLIVINE International Minerals & Chemical Soc. Sengalaise des Phosphates de Thies, Senegal
Corp., (IMC}, U.5.A. Societe Natijonale de Recherche et D'Exploitation Mintere
Olivin Corp., U.S.A. (SONAREM), Algeria
Soruce Pine Olivine Co., U.5.A. Stauffer Chemical Ca., TN, U.5.A.
A[S Olivine, Norway Ste. du Djebel Onk, Algeria
mognolithe GmbH, Austria Svenskt Stal AB, Sweden
Toha Olivire Industriai Co. Ltd., Japan Texasqulf Inc., VA, U.S.A. - .
USS Agri-Chemicels, A Div. of U.5.5. Corp., FL, LLS.A.
PERLITZ Genere! Refractories Co., U.S.A.
Americsn Perlite Comp., U.S.A. POTASH Amax Chemical Corp., CT, U.5.A.
Persolite Prodiscts Inc., US.A. Arab Mining Co., Jordan .
Silver & Baryte Ore Mining Co., Greece Areb Potash Co., Ltd., Jordan
N. Bouras & Comp., Grecce Buresu de Recherchds Géologiques et Mini2res, France
Etibank General Mansaement, Turltey Central Canada Potash Div. of Noranda Mines, Canada
Perlite SpA, Italy Cleveland Potash Ltd.,, England
New Zealand Perlito Comp., New Zealand Cominco Ltd,, Canada
Dead Sea Works Ltd. (Mifalel Yam Hamelach BM), [srael
PHOSPHATE Agrico Cheinical Company, FL, U.5.A, Denlson Mines Ltd,, Canada
ROCK MAX, Chemical Corp., FL, U.S5.A. Duvat Corp., TX, U.S.A.
Araxa S.A. Fertilizentes E Produtos Quimicos, Brazil Empresa Minera Del Peru (Minero Peru), Peru
Beker Industries Corp., ID, US5.A. Gulf Resources & Chemical Corp., TX, U.5.A.
tlordon Inc., Chemicai Div,, FL, U.5,A. Idesl Basic Industries Ine., CO, U.S.A,
Browzter tes, FL, U.5.A. International Minerals & Chemical Corporation, Caneda
Chemfioz Litd., South Africa Internaticnal Minerals & Chemical Corporation, U.S.A.
Chevron Rasturces Co. (Div. Chevron Ind. Inc,) UT, US.A. Kali-Chemie Ag., W. Germany
Cie.des Phosphates de Gasfa, Tunisia Kall Und Salz AG, West Germany
Cie Senegalaise Des Phosphates De Talba, Seneqal Kerr-McGee, CA, U.S.A.
Cominco Ametican Incorporated, MT, U.S.A. Kidd Creek Mines L.td., Canada
Duras Minarats Lid,, Zitnbabwe Mississippl Chemicel Corporation, NM, U.S.A.
Empress Minera Cet Peru (Minero Peru), Peru Moranda Mines Ltd., Canada
Estech, Inc., FL, US.A. PCS Mining-Allan Div., Cenada
Fertilizentes Fosfatedos S.A.-F osfertil, Brazil Potash Carporation of Saskatchewan Mining Limi, Canada
Freeport Chemical Co., FL, U.S.A, PPG Canada Inc,, Cenada
Gardinier, Inc., FL, U.5.A. Texasgulf Inc., UT, t,5.A.
George 2. Relyea Phosphate Mine, MT, W.S.A, Union Explosives Rio Tinto, 5.A., Spain
Hindustan Zine Ltd., India
PUMICE Pumex SpA, italy

o
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COMMODITY PRODUCER COMMODITY PRODUCER
Italpomice SpA, Ttaly Mineral Depasits Ltd., Australia
Lava Mining & Quarrylng Comp., Ltd., Greece Motycorp Inc., PA, ULS.A,
Heracles Cement Comp., Greece Queenland Titanium Mines Pty Ltd., Australia
Central Oregon Pumice Co., LL5.A.
Graystone Corp,., LL.5.A, ROCK SALT American Sait Co., UT, U.5,A.
B.M, Valla Ltd., Icelend Carqlll Incorporated, Salt Div., Australia
Dampier Selt Ltd., Australia
PYRITES Accje Mining Ca., Inc,, Phillppines Indepandent Salt Company, KS, LLS.A.
A/S Bleikvasali Gruber, Norway International Salt Cempany, LA, NY, OH - U.S.A.; England
A/S Stordo Kisgruber, Norway Kali Und Salz AG, West Germeny
A[S Visnes Kobberverk, Norway Kerr-McGee Chemicsl Corparation, CA, ULS.A.
Asturiana de Zine S.A.,, Spain Les Mines Selgine Inc., Canada
Atlas Consolidated Mining And Dele\ opm:ant Caorp., Philippines Morton Salt Div. Morton Thiokol Inc., TX, UL.S.A.
Bergverksselskapet Nord-Norge AfS, Norway Pacific Salt & Chemical Co., CA, U.5.A,
Boliden Mineral AB, Sweden Pakistan Mineral Development Corp. Ltd,, Pakistan
Buffelsfontein Gold Mining Co., Ltd., South Africa
Compagnie Royale Asurienne Des Mines, Spaln RUTILE Allled Eneabba Ltd., Australia.
Dowa Mining Co,, L.td,, Japan Asaaciated Minerals (USA) Inc., FL, LLS.A,
Etibank Genel Mudurlugu, Turkey Consolidated Rutile Ltd,, Australia
Folldal Verk A/D, Norway Hume & Milla Compania de Aluminio de Misiones, Argentina
Fosdale *s Berverks-Aktisselakab, Norway Indian Rare Earths Ltd (IRE}, India
Hanawa “ining Co., Ltd., Jepan Ishihara Sangyo Kaisha Ltd., Japan
Harmony Gold Mining Co., Ltd., South Africa Kerr-McGee Chemical Corp., AL, U.S.A. )
Hartebeestfontein Gold Mining Co., Ltd., South Africa Mineral Deposits Ltd., Australia
Hellenic Mining Company, Ltd., Cyprus Queensland Titenlum Mirss Pty Ltd., Australia
Killingda! Grubesslsiab A/D, Norway Richards Bay Minerals, South Africa
Loralna Gold Minas Ltd., South Africa Rutlle and Zircon Mines (Newcastle) Ltd., Australia
Marinduque Mining And Industrigl Corperation, Phillppines Slerrs Rutlle Ltd,, Sisrra Leone
Matsuo Mining Ca., Ltd., Japan Western Mining Corp. Ltd., Auatralia
Minera Celdran, 5.A., Spain
Outokumpu: Oy, Finland SILICA SAND SCR-Sibelco SA, Belgium
Firites Alentejenss, Sarl, Portugal Guarzwerke GmbH, W, Germany
Prieska Cooper Mines (Pty), South Africa Amberger Kaolinwarke GmbH, W. Germany
Rio Tinto Minera, S.A., Spain British Industrial Sand Ltd., UK,
Suzhtlaban Bergbau GmbH, West Germany SAMIN (Ste, d'Exploitation des Sablieres et Mineraux), France
Sec. D'Expicitation de Ia Pyrrhotine de Kettara, Moroccoe Siro SpA, Italy
Stilfontein Gold Mining Ca,, Ltd., South Africa BV Lieben, Netherlands
Sulitjelma Bergverk A/D, Norway Tilcon, Ltd., UK.
The Tharsis Sulphur and Capper Co,, Ltd,, Spain Lohja Corporation, Finland
Tsumeb Corporation Ltd., Namibia Australien Consolidated Industries, Ltd., Australia
Unlon Explosivas Rio Tinto, 5.A, Spain
Vasl Reefs Exploration end Mining Co. Ltd, South Africa S0DA ASH Solvay & Cle., Belgium, France, W. Germany, Italy, Spain
Venterspost CGold Mining Co., Ltd,, South Africa FMC Caorp., U.5.A.
Western Areas Gold Mining Co. Ltd., South Africa Stauffer Chemiea! Co., UL5.A.
Zsmblia Consulidated Copper Mines Ltd,, Zambia Kerr McGee Chemical Corporation, U.S.A.
) Texasqulf, U.5.A,
RARE EARTHS Allied Eneabba Ltd., Australia IC1, UK.

Associated Minerals (USA), FL, U.5.A.

Indien Rare Earths L.td (IRE), India

indlan Rere Earths Ltd (IRE) Mineral Division, India
Kaduna Prospectors (Nigeria) Ltd., Nigeria

MISR Chernical Industries Co., Egypt
Magadi Soda Co. PLC, Kenya
Industria Del Alcall 5A, Mexico

Iran Fertilizer Co., Iran

nza-



Annex 4.4. (continued)

CONMODITY PRODUCER COMMOQOITY PRODLUCER
STONE, Seuthern Clay Products, Inc., TX, U.S.A,
DIMENSION Industria Marmi e Tiranit SpA, Italy The Standard Slag Co., CA, U.5.A,
Industria Msrmi Aqueni SpA, Italy Steeiley Industries Ltd., Minerals Group, Canada
Solubermna, Portugal Three Springs Tale Pty. Ltd,, Australia
Marmetal, Portugal Vermont Talc, Div., Omya Inc., VT, U.S.A.
Marmoles Cosenting, Spain Western Source Inc,, CA, UU.5.A.
Guinet Derriaz, France Windsor Minerals Inc., VT, U.5.A.
FE Holdings Ltd., LK, Yhtyneet Paperitchtaat Oy Suomen Tatkki, Finland
Flnska Steinindustri AB, Finlend
Rock of Ages Corp., LLS5.A, WOLLASTONITE  Processad Minerals Inc., U.S.A.
Jotn Swerson Granite Comp,, U.S.A. R.T, Vanderbilt Co., Inc., U.S.A.
H.E., Flutcher Comp., U.5.A. Pfizer lﬂc-' U.5.A.
As:zsciated Stane Industries (iKoteh) Ltd,, India Oy Partek, Finland
Granimar SA Marmores £ Granitas, Brazil Wolhem Pvt. Ltd., India
General de Minerales 5.A,, M-xlcn
SLLPHUR Asturiana de Zine 5.A.; Spain ZIRCONIUM
Azufrers Aucanqu“cha S_A.’ Chile ORE Allied Eneabba Ltd,, Australia
Azufrera Pan Americana S.A., Mexico Associated Minerals (USA) Inc., FL, U.5.A.
Bellamar Enterprises, Phillppines Consolidated Rutile Ltd., Australla
Benguet Exploration, Inc., Philippines E.I. Du Pont De Nemoura & Co,, Inc, ¥L, U.S.A.
Expancla de! Zine, 5.A., Spain Indian Rare Earths Ltd (IRC), Indla
Etibank Gene! Mudurlugu, Turkey Minerals Deposits Ltd,, Australia
Farmlend Industriea Inc., TX, U.S.A, Gueensland Titanium Mines Pty. Ltd,, Australia
Fraeport Sulphur Co,, LA, ULS.A. Richards Gay Minerals, South Africe
Majoneg Mining & Minerel Exploraticn Co., Inc., Philippings Rutile and Zircon Mines (Newcastle) Ltd., Australia
Matsuo Mining Co. Ltd., Japan Waestern Minlng Corp,, Ltd., Australia
Minaa at Produits Chimigues de Salsigne, France
Minlers Di Zolfs DI Marza Tufo S.P.A,, lialy
Mishraq Sulphur Company, Iraq
Sayakel Magencilik Ve Ticaret Ltd, Sti., Turkey
tora Koppesbargs Berglags AB, Sweden
iilmg.llf l'ne-., TX, LLS.A,
TALC A/S Narwegien Tale, Morway
Bakertalc Inc., Cansda

Cle. Minera Agregados Calcsteos S.A., Peru

Cyprus Industrisl Minersls, MT, LL.S.A.,

Cyrpus Industrial Minerals Company, MT, NE, U,5.A,
Gouverneur Yale Co., NY, U.5.A,

Minefields Exploration L, Australia : .
Mineraria Valtallinese S.P.A.. italy

Myllykoski Oy, Finland

Pfizer, Inc. Minerals, Pigments and Metals Djv,, MT, ULS.A.
Societa Talco E Grafite Val Chiscrie 5.P.A., Italy

Sources: E & MJ International Directory of kining (1586); Fmancla! Times Mining internahunal

Year Book {1986); Industria} Mme: ais (vaneus editions 1980 ~ 19%)

-Eg-



-84 -

Annex 4.5 a. Share of International Trade of Industrial Minerals in World
Production in 1983

| { Yorld Production | Estimated Quantity 1| Share in |
I Comsodity 1 1983 (1000 mt} | Traded 1983 (1000 mi) | parcent |
| _I I | N
! Diauonds, Industrial | 0,002 | 0,011 1 Ja2.0% |
( [ ! | {
Ritrates { 422.5 | 6000 1 94.4% |

] I | | |
| Zirconium I £92.0 | 5725 1 Bl.4x 1
| lodine 1 12,5 | .41 8.2 |
| I | i {
| Baron [ 2200.0 | Uy e |
| Stone, Disenaion I 11575.9 | B402.9 | 72.6% |
l i | | |
1 Hepheline Syenite { 1000.0 1 .31 a1
[ 1 { | ;
t Lithiue Raw Materials l 741 431 57.0% |
| | | | 1
1 Bauxite (all yaes) | 782000 1 379614 1 48.2% |
| Floursper I 4220.0 1 1963.6 | 47.0% 1\
| Sulphue | 32890,0 | 14682,2 | 446K 1§
| Barite l 5470.0 | 4N &.5% !
{ Nlwenite & Rutile (gr. weight}l 3011.0 | 1295.5 | A%.0% |
{ [ | { |
1 Hznganese (all uses) | 8250.0 | 7341 3858 |
| Asbastos { 4180.0 ! 152631 3.4 |
I Chromite (all uses) i 908,08 ) 2689.9 | 36,85 |
{ Perlite i 1302.0 | 4101 353 |
| Bromine | 350.0 ¢ 124.9 1 369k |
| Graphite i 620.0 | 206.8 | 35.3% )
i Phosphates [ 74890.0 | HB03 P B
| Distorite ! 151%.0 | A1 L
| Hica l 56.0 1 .11 30.5% )
1 Varmiculite { 447.2 | 13591 S0.4% |
H l [ | {
b Keolin l 19000.0 ¢ G606 | 26.1% |
| Hagrasite | 113700 Fr T B W ]
| Talc, Scapstonw, Pyrophyllite | 6640,0 | %61 2.% |
i | | o i
[ Gypoum & Anhydrite | 783572.0 4 12928.3 | 16.5% |
| Salt i 161170.0 | 20532.9 1 12.x% |
1 Feldapar { 38300 i AldS | 10.8% |
: Bantonits and Fuller's Earth | 21600 1 LS5 10.5% |
| { | {

| Corundum, Emary snd Pumice | 11330.6 ¢ 9425 | B3 |
| Comnt | 9148220 | 598430 1 4.9% |
| Silics, Ind. Sand | 1314400 | 1981,2 1 L |
1 Clays, Commen | P12 | 3744.1 | 1.0% |
|| Sand and Graval | 71468800 | 3199, | 0.4% |
| | | f

Sources:  U.S. Bureau of Mines (1985); U.S.Bureau of Mines (1986);
Callot (1985); United Netions Conference on Trade and
Development (1985); Industrial Minercls (August 1986),
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Net Expcris and Net Imports of Industrial Minerals of the First
Five Net Exporting and Net Importing Countries and Shave in °

World Demand in 1983

| ! Sorld Frodaction 1 The Firsi Fiv Quantity Share in | The el Five Quard sty Shara 10 |
: Camoiity : 1803 (1000 ot) l Wt Dxporters (M50 okl World Demand : Hat Isporians (e utl  Gorld Desend :
1 Rabaates l an.e I Coads K14 W00 | Jepan 6.7 A
! 1 10.5.5.¢, 5.9 6.8 | Sarmery, Fed, hop, 1546 kW |
I | | Smth Ririca MR8 | 4,10 | Taited Stalns 1418 140
| | | Linbalue phi g 3.6V | Dores, hup, of 113 |
i II | {taly 1.4 .30 | Framce 1 LN :
t { {
| Barila | .0 | Chim ™4 13.0% | Bnited Stales 1245.6 21.8% |
} l | Harecen s 5,00 | Uaited Kingdon 1277 |
1 { | Iraland nda 3.0% | Garnzry, Dem, o, 1.2 I ]
i | | Thailand [L1N} 2.7 1 Horwy 0.4 1A
! 1 | Tuekey 5.6 €.4% | Matharlands 0.7 1.5V 1
I { \ | |
1 Bauxile (satal and ronsetal | 782600 1 Guina 1874 13,08 | United States 122450 1528 1
] ase | 1 fosinlia nd 2.1% | Cansda pxlr 4 1
| | | Jemaica ®#52. 6,20 | Gy, Fod, Lap, 326 40 |
1 1 I Brasil . 4.0 ) Japan 5.8 35 |
I | | Sorinam nnA Iniosst, 1066.1 .4 1
| i { 1 {
1 BGentonste and Fullac's Batth | 71080 ! Cracta m.} 450 | Cenada 187.9 16 |
! 1 | United Stales ma 2.9 1 frae .9 1%
| | { Horocen ns 53N | Germany, Tod, Bep. 5.2 [,
1 l | Kamgary 15.4 B34 | ¥atherlands 1.5 wi
I I | Garnany, Den. Bsp. ns B ¢ borwy n4 0.4 |
i { i I 1
I Baron l 200,40 1| Turkey [7: X3 0.6 | Haly 152.2 [
1 | | Onitad States 6058 700 | Frarce ms 5.0% |
i I 1 0.5.5.L 1.1 0.5 | Germany, Fod, Bep %7 4 1
1 1 | dera 4. 024 | helgiom %A 34 |
! l 1 1 Japan 9.5 A
| ! { | ]
| Bromine | 350.0 | Iarml 7.4 WA ) france 45 w1
I I | Onited Stales 5.8 1620 | Gy, Ded, Tep, 42 1L
{ 1 ¥ United Xingdom 19 LB Ny 3.2 N
1 1 | 1 Saadi Arabia 17 e |
! | I I Haly 1.3 |
1 I 1 1 |
| Cament | 9143220 | Japan 174 1.6% 1 Saodi vkabla 1503,0 1.60 1
t | | Sreecs N 5.9 | Sowit 3%8.1 by |
1 1 | Xazna, Rap. of 5137, 5.6% 1 Algeria r TN ] 4l
1 | I Taiman Wb §.4% | Crited States 13180 LRI
b l | Eowania W 0.2% § Sirgapare a7 [ B |
l | i i |
I Cheenyle tgross weight, metal ¢ 7300.1 | Seath Pirica 3.l 0.8 | Japan (1.0 ] 8.2% 1
1 and ror-maial wed) ) | Rlbanis 54.1 748 | Setden LY 4 1
] i 1 0.5.5.8, 6.0 638 1 Garmany, Fod, Rap. .5 EN )
1 | | Tezhay 2.7 4.60 1 Ihaly u.s 2401
: | l Indin 150, 1.9% | Yogslwia 190.4 PG I |
| ) |
| Clays, Coman b 81130.2 l Cermary, Fed, Bep. 1K63.8 L Thly 793.0 L
1 | 1 United States %6.3 .23 | Hatherlands 286.9 [ B
1 ) | Crechoslevakia %2.2 &0 1 i #1.9 LI
| ] | Chimn ma £.18 1 United Kingdon 1734 bEs 0
I i I France m.e b.10 | Hangary 154 |
] | (| 1 I
| Carondea, Esery and Pemies | 113386 | Grescs WA 300 1 Hatherlarls %313 2.0 |
I | | Carmamy, Fod. Esp. m.a L.E6% | Tnitsd Kingdon 215.2 1.8 1
1 i 1 Tialy 1.4 110 | United States 166.8 LSs
| 1 ! Tazkay 2.8 02N | Algerin 7.2 LA
: | | India 2.6 0.0 [ Canedz 0.7 B I
1 [} | 1
1 Dizmonds, Indasicinl 1 33382.0 | Soalh Rfrica ne.e U4 | Taimn 67454 N |
1 1 | Eorex, Bep. of 7345.5 2,18 | higim %71 4.8 |
| | | Zairs mn.s B.1% | Dnitad States 1IN | 784 |
1 | | Rastralis e 5.8% ) United Cingdon 21,6 (I
: 1 1 Chara 44 1.0% | Ireland 1015.% in i
| { { |
I Diatonits 1 1513.0 1 Belgimm ma 14.00 | Hatherlands 0.3 16.1% |
I 1 | United Slates 132.5 &.8% | Cormany, Fed, Brp .1 F & |
| 1 | Dermark 572.5 3% 0 Canala M3 1.5 1
I 1 | Frante 12.2 1,18 | United Kirgdon 17.3 1L
I 1 | Haaica 28 0.2 | Saadi feabia 0.4 (N I |
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1 . | borlg Productinn | The First Fiw Ountity Shars in | Tha Firsi Five Quantity Share in |
1 Commadity 11903 11060 at] 'l ¥at [xpartars 114 at] Ocednd | Mot luperisra [THO o] borld Dewsnd |
I { | I
I Feldapsr I 30,0 | tarwy 7Le 1,95 | United Kingden w.7 LI |
] | | Dhine w? 1.8 1 Taiven " 1% )
| | U Finled % 00 ) Garmny, Fod, Qeg. ¥y LS ¢
] | 1 France ni 0,75 | Hotharlunds n.2 LS |
t I II lualy 3.9 " Il Belyia . (N1} :
| |
1 Flourspar | 0.0 | Chima N2 0.74 | United Stains .1 155 |
| l | Maxice biIR 20 Japan (/R ) wH |
] | | Pangalis Al 7.18 | Carmny, Fud, Rop, 142 bR
| ] | Seyth Mricy Wb 5000 US.5A, 1520 PN |
I : ll Thai land 154 “wn 'I Tacads .4 34 :
i
I Graphita 1 $22.4 { Dura 4.1 258 | Japan $1.7 ol
| | | Karsa, Pop. of n3 5.28 | Unjtod Siatas Ha 5.8 |
I i 1 Mexics 1. 1.2% | thited Kingden B3 4.0 |
1 | | Medaguacar 5.4 2,25 | Cormany, Fod, Ry, 1.9 AN LI
1 | 1 fustrip 2 1.2 | Taiwn .y 1ax |
I [} 1 | |
| Gypsun b iriydriie l 720 | Cnada 7.1 7% | United States N [ K
| | I feite 1ma 2,86 | Carmany, Fud, Rop. 5.7 [ N0
t f | Spain 1SHA L% 1 Indenesia ¥5i.2 s L
] { 1 Fs ance 14147 L0 | Talwn .5 e |
H [ | Austealin w2 105 | Hatherlands TN LI
| 1 I | I
I imenite & Ratile (gross I JHLE 1 Ausiralin 14 .06 | Whited Statws .2 4.5 4
I wight) ) | Marwey 9.4 1790 | Jpan a1 A |
| 1 | Canads bR 12,55 | Garoeny, Fod, fuy, na |
| | b Sei Canka H.S 3.2% | Urited Kingden .y 1B
Il I | Sietra Leow na 1.4 | Franca 1,1 .0 :
{ | I
| lodira | 12,5 { Jogan [B] 50,10 ) United States N | na |
] | | Ohila X 20,4 | Uhited Kingden 1.9 5.0 1
1 i { | Feoats 1.1 X |
1 1 | | Cerseny, Fud. Rep 9 | ol
| | i I Walbat Lnds Ll m i
] 1 | 1 I
1 Kaslin ] 1HEE. | United Ninedea ona 13.7% | Garssny, Fed, Rop, 7.2 N
| | I United States 1%, 430 Taly §%4.? LK
] 3 | Caschastovakin ma .15 1 Jipan 549.0 9% |
1 | 1 Beaail m.sé 1.0 | Finlwd e %1
: || { Garaany, Dna, Mop, 1514 048 ) detharlonds Bl x|
() | 1
| Lithiom Raw Matarsals 1 2.4 L hilsd States 1) .48 | United Kingles 1.} 17 |
1 I | Chima 1.3 L4 1 dapan e et
| l | Zishsban [B ] 4,15 | Franca 1.4 ik |
1 ' 1 0.5.5.R, [ %1 1L tsly 8,2 w1
: : 1 Beazil (4] LIV | lelyia )2 1%}
| { 1
1" Hagranite i 155710 | Karea, Ove, fop. ALL &9 1 U558 11,9 R
| | I China bR .7 1 Groetn Ni.2 al
| i t Croches i wmkia nL.o 245 | Polud 4.1 05 1
I 1 | Turkey 7.4 H, | Germany, Fud, Mop, 5.0 11
: II 1 Brazil Wl LY | Japn 4Ly LM
I | |
| Mengeness (eatal end non-metall 2500 | Seuth Mrica m.2 1.1 1 Japin 4.1 .45 1
| uie) | ¢ i 2.7 | Fronca . LN
1 | [ U.5.5.R. &.é 5.9% | erwy ma 3.
] | 1 hustealin 813 $.5% | Peland M4 L1
: II ll Brazil m.z? 4,05 | Caschaslowhia nn? b L ]
{ |
1 Bica 1 264.9  Indin a4 104X | United King“e 3.1 518 |
t 1 I Ching 149 §.4% | Carnany, Fod, Rep, 1.4 3N
1 | 1 Franca 4.2 14N | Japan [N} J.dx )
| I I Brazil b8 | 1L.A | Wi 47 1.0 |
: |l I United States 1.1 00| atherlonrl 1,2 1% 1
} | |
| Hapholing Simnita l 19100 | Canzds . N .0 | nited Stalns 8.3 3.5 |
1 | | Moty N2y 2.8 | France a1 LN B
1 l t | Gormy, Fod. Map, a4 4an
1 1 1 1 Sulgioe 311 L X B
: Il lt Il WL her lands R 2.5% |
|




Annex 4.6. (continued)

- 88 =

| | Yartd Production 1 The First Five Quantity Shars in | The First Fiw Yuantity Sars n |
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Sources:

U.S.Bureau of Mines (1985); U.S. Bureau of Mines (1986);
Cailot (1985); United Natlons Conference on Trade and
Development (1985).
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Annex 4.7 a. Share of Exports of Industrial Minerals from Developing
Countries (DC's), Industrianl Market Economies (IME's) end
Centrally Planned Economies (CPE's) in 1983
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Sources: U.S5.Bureau of Mines (1985); U.S. Bureau of Mines (1986);

Callot (1985); United Nations Conference on Trade and
Development (1985).



Share of Exports of Industrial Minerals from Developing Countrias (DC's), Industrial Market

Economies (IME's) and Centrally Planned Economies (CPE's) in 1983

Annzx 4.7 b,

- 90 -

li__-__‘

Nepheline Syenite
Bromine

Vermiculits

Porlite

Diatomite

Zirconium {all user)
Kaolin

Silica, Ind. Sand
limenite and Rutile
Bantonite and Fuller's Earth
Clays, Common

Stone, Dimenaion
Asbestos

Suiphur

Feldrpar

Lithium Raw Materials
Sand and Gravel
Cemant

Magnasite

Diamonds, Industrial

Corundum, Emery and Pumice

Gypsum & Anhydrite
Iodine

Chromite (all uses)
Salt

Boran

Tale, Soapstone, Pyrophyllite

Munganese (ali usea)

\
L
/-
f

Graphite
Phasphates

Mica

F'lourspar

/ Bauxite (a}l uses)
yd Barite
\jNitratu. Natura! |
sRitErfoesEeeaApansne

SHARE of EXPORTS in %

Developing Countries {LLower and Middle Income Economies)

Industrial Market and Centrally Planned Economies



-91 .

Annex 4.7 c. Share of Imports of Industrial Minerals into Developing
Countries (DC's), Industrial Market Economies (IME's) and
Centrally Planned Economles (CPE's) in 1983

| 1 IHPORTS (
] | |
l 1 DG I I'Es | Py [ (11 |
I COM0ITY 1 (1000 wt) % 0 [R0BO st K ) (1000 wt) % 1 (1000 at] |
1 t [ i | I
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1 Sand and Gravel [ 1628.4 5.2k 293419 94.1%1 249.2 A | 311995 |
| Manganese (all uses) i 149.% &1 2M01.6 72.5% | 722,10 22.8% 1 37%é |
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Sources: U.S.Bureau of Mines (1985); U.S. Bureau of Mines (1986);

Callot (1985); United Nations Conference on Trade and
Development (1985).
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Lithium Raw Materials
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Annex 5.1. Mineral Potential Assessment of Large Areas for Certain Industrial Minerals

(1=Promising Prospects, 2=Average Prospects, 3=Poor Prospacts to Locate Mineral Indicated)
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Amnex 5.1. (continued)
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Profile of Principal Mining and Processing Characteristics
of Major Industrial Minerals

Commodity Characteristics
Mining Processing

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

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

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

(flotation); moderately demanding;

Boron open pit; chemical refinery processing;

complex;

Bromine - brine extraction by chemicai 'refinery processing;
boreholes; complex;

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

moderately demanding;

Chromite open pit and under- washing, screening, gravity
ground mining; separation, (flotation); classifi-

cation for refractory grade; hydro-
metallurgical processing for
ohemical grade;

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

ing; simple to complex;

Diamonds, usually large-scale comminution, gravity separation,

Industrial surface mining; hand- jorting;

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

Feldspar usually small crushing, grinding, high-intensity
open pits, selective magnetic or electrostatic sepa-
mining; ration; alternatively flotation;

Fluorspar both open pit and handsorting, gravity concentration,
underground mining; flotation;

Garnet open pit, drilling &

blasting;

comminution, gravity separation,
magnetic separation, dewatering,
heat-treatment;
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Annex 5.2. (continued)

Commodity Characteristics
Mining Processing

Graphite usually selective tandsorting fof amorphous gra-
underground mining, phite; grinding & flatation for
some surface mining; flake graphite;

Gypsum predominantly open selective crushing and screening,
pit, some underground  grinding, calcining for some
mining; applications;

Iodine borehole recovery from chemical refinery process;

subsurface brines; some
open pit minii.g,

Kyanite open pit, hard rock crushin,,;, grinding, flotation, high-
quarrying; intensity magnetic treatment,

partly calcining;

Lime surface mining, caleining in rotary or shaft kitns;
querrying:

L.ithium open pit hard rock comminution, flotation, caleining,
mining; borehole chemical processing;
recovery of subsurface
brines;

Magnesite hard rock open pit comminution, flotation, heavy-
and underground media-separation, calcining or
mining; dead-burning in rotary kilns;

Manganese open pit and under- washing, crushing, screening,
ground, selective gravity separation, flotation,
mining in small mines;  high-intensity separation;

Mica usuzlly small-scale sheet: hand-cobbing, splitting,
open pit and under- trimming, classifying; scrap & flake:
ground mining; comminution & flotation;

Perlite open pit mining, crushing, grinding, sizing,
without blasting; thermal treatment (expansion);

Phosphate surface mining crushing, screening, grinding,
usuelly dragline, flotation;

buildozer, shovei,
truck operation;

Potach underground rock comminution & flotation;
mining; solution dissolution & recrystallization;
mining, brine recovery;
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Annex 5.2. (continued)

Commaodity

Characteristics

Mining

Processing

Pumice

Salt

Sand &
Gravel

Soda Asn/
Trona

Stone, Crushed
Stone, Dimension

Sulfur

Talc & Pyro-
phylliite

Titanium
Vermiculite

Zirconium

open pit mining of
unconsoclidated
materials

conventional under-
ground mining or
solution mining;
solar evaporation;

open pit excavatioun,
dredging;

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

predominantly hard
rock quarrying; some
underground mining;

quarrying by sawing,
channelling and
wedging;

hot water subsurface
solution mining; con-
ventional surface or
underground mining of
pyrites or brimstone;

usually open pit
mining, some under-
ground mining, dritling
and blasting; selective
mining;

alluvial dredging;
som> open pit hard
rock mining;

conventional open pit
mining with explosives;

heavy mineral sand
dredging;

screening, milling, rotary drying,
sizing, blending;

brine formation, dehydrating by
heat and vacuum;

washing, screening, (crushing),
screen classifying;

caleination, dissolving in water,
evaporation & crystallization,
centrifugation;

crushing and screen classification;

smoothing, polishing, edging,
decorating;

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

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

wet gravity separation, drying,
electrostatic separation, high-
intensity magnecic separation;

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

wet gravity separation, electro-
static & electromagnetic pro-
cessing, drying, grading;

Source: U.S. Bureau of Mines {1985},
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Grades and Concentration Factors of Industrial Minerals

Arinex 5.3.
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Annex 5.4, Survey of Szlected Industrial Minerals Mine & Plant Projects in
Planning or Development Stage or Recently Completed

Commadity/ Capacity Type of Project/ Investmsnt
Locatlon tps Scheduled Start-up s, §
ASBLSTOS
Birjend/iran 0,400 mlo plant/1988 162, mio
Sudat, 0,1 mio mine & concentrator/n. 8, 11%,0 mis
BARITE
Dourek'ki/Grron 0,030 mio mine/1986 12,0 mlo
BAUXITE
Para/Brazit 4,9 mio open pit mine/1968 256,0 mio
Almerion/Brazll 0,1 mio open pit mine/n. e, 40,0 mlo
Ls Braque/France 01,3 mlo minefn. n. 1,6 mlo
BORON
Kirka/Tutkey 0,160 mlo darivatives plent/1984 20,0 mio
FLUORSPAR
Nfld,/Canada 0,08 mle minef1986 4,0 mio
QYPSUM
Notth Yamen 0,085 mlo mine & plant/1986 7,3 mio
Yafran/Libya 0,200 mio-
0,300 mio mine & plant/1988 40,0-%0,0 mlo
BLMENITE
CooljarioofAustralla 0,2 mio mine/n. 8. 1,5mlo
Capel/Australla 0,1 mia mine & concantrator/1988 £5,0mlo
IND, DIAMONDS
Birum River/Ghans 1,0 mlo mine & plant/iF87? 20,0 mio
carats
Sierra Leone 0,24 mio underground mina/1986 140,0 mlo
carats
Transveal{S. Africs  £,0mlo underground mine/1988 112,0 mlo
carsts .
KAOLIN
Pugu/Tanzania 0,110 mio rea.m.
0,036 mio
refired mine & plant/1989 15,0 milo
LITHIUM MINERALS
Antofagasts/Chile lbh e mio production unit/1984 40,0 mlo
ib/yasr
LisCarbonste
MANGANESE
Maraba, Brazi! 0,4 mio m pit mine & plant/ 200,06 mio
Nauta/Ghana 0,43 mio mine/L907 30,0 mle
MICA
Sillin]marvi/Finland 0,010 mia plentf1236 2;8 mio
PHOSPHATE
Goles/Drazil 0,620 mlo benaficistion plent /1583 140,0 mia
Minjinguf Tenzanls 0,160 mlo open pit & plant/1982 19,0 mlo
concentrate .
Rock Springe, U.5.A. 0,33 mia mine & plant/1986 250,0 mlo
fertilizer
Hazars, Paklstan 0,200 mlo mine f plant/1586 19,0 mia
Sti Lanks 0,600 mlo mins & plant/1537 B00,0 mio
POTASH
Fazandinks, Brazil  15,0mio mine & plan2/1986 6050,0 mlo
M Aulay, Cenads 2,0 mio mine & plant/2986 600,0 mio
New Brunswick/Cen. 1,3mlo ndesground mine/1985 220,0 mlo
Sargipe State/Brazil 0,600 mio KCL mine & plant/1985 300,0 min
S0DA, ASH .
Gresn Rivar, U.S.A. 1,0mlo aclutlon mine/1986 300,0 mio
SULPHUR
Amphipolls/Crasce 0,850 mio plontfn. u, 88,0 mio
sulphuric scld
‘AljustislfPortuge] 2.lu mio mine & concentrator/n. a. 3,0 mio
yrites
Chagal/Pakistan 0,005 mlo pient/n = N4 mlo
TITANIIM
Talpaei/Taiwen 0,050 Tio, plant/1988 160,0 mlo

Source: E&MJ International Directory of Mining (1986); Industrial
MiTerals (1982-1986); Mining Annual Review (1986).
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Annex 6.1. Extent of Overcapacity in World Industrial Mineral Production
According to U.5. Bureau of Mines 1985

| WORLD DEMAHD | WORLD CAPACITY | OVERCAPACITY | VAOGOLE MERAGE | HYPOTEETICAL YERR OF |
Coy001TY | 1983 (1000 =V) |l 1583 (1000 wt) l| 1963 (1900 ot} % | AHUAL GRONTH RATE X | DEMAHD - CAPACITY BALANCE 1

{ ! | |
Graghite 1 i34 | bdd.1 | 208 11051 L.5% I 1591 |
Feldspar | 3518.1 | L 3.4 1155 | 1.0% 1 1994 |
Lithiun Rau Materisls | 241 8.4 | 1.0 12.3% 4.5 | 1904 |
lodine | 1.8 1 100 2.2 13.9% | 2.6% ! 199} 1
Talc, Soapstone, Pyrophyllite | 6852,1 | a04s.% | 11948 14.8% | 5.0% | 1987 I
Clays ] 410219.2 | 472609.4 | 24390.4 15.0% | b1 ] i 1989 |
Hica, Scrap and Flaks | 2368 1 w21 4.5 15.8% | 0.7% | 2600 |
Gypsum & Anhydrite | 7R3 1 933509 1 15513.1 16.4% | 2.5 1 1951 I
Lina 1 108090,2 | 197296 1 216394 18.7% | 318 } 1909 |
Sodium Carbonats (natural & synthatic) 90304 | 35380.8 | £350.4 172.9% | S | 1990 1
Potash | 26619.0 1 3246001 5641.0 18.,0% | 2.9% | 1990 |
Lirconium 1 L1 £45,2 | 62,1 19.4x | 5.tk | 1909 1
Cenent 1 925344.0 | 1153950.4 | 220614.4 19.5% | LB ] | 1991 |
Boren | 938.0 | 1Rd 2903 20.5% 1 2.4 1 1993 i
Sait I 14%032.9 | a5 | 419943 205K | 1.4 i 1991 |
Sand and Gravel ! 7166800.0 | y072000.8 | 19051200 21.0% | 6% I 1992 1
Diatonite | 1385.5 | 1678.3 | .y . L% 1 1991 |
Corundus | 18.0 1 W40 5.4 2%.0% | ut | 1992 i
Sijjce, Industrial Sand | 181440.0 | 2%5672.0 4 94432.0 .IN | LA t 1999 {
Oiwnaion Stons | 15759 | 15059.5 1 34854 23N L 5.0% i 1980 1
Phosphates | 1350000 1 1758000 1 40890.0 23.2% | 3.6y | 1991 1
Sulphur | 50472.0 | 65800,0 1 15521.0 23.3% | L& { 2004 I
Verniculite | 449.1 | 589,7 | w06 23.0% | 2.6% i 1994 |
Disnands, Industrial l 0.007 1 0.009 | 0,957 %% | 2.5% 1 1994 |
Strontium | 53.5 1 7241 19.1 26.3% | .0 | 1999 |
Crushed Stona | 2430880.0 | 3620000.0 & §97920.0 27.5K | 2.8 I 1996 |
Bromine t 340.9 1 498.9 1 136.0 22.7% | 1.0k | 07 !
Flourspar | 4243.0 ) 5905.9 | 1662.9 28.2% | 3.0 | 1995 I
Barite I §522.1 | 4.0 | 2202.7 B.5% | LI | 195% |
Silicon ! 19549 1 2801.4 | 806.5 20.8% 1 Y} | 1934 I
Rsbestos | 4197.6 1 §890.0 | 17350 29.4% | 4.5% | 1781 |
Rare Earths | 35,3 52.4 1 163 N.0x | 8y | 1998 |
Hmenite ! 1287.3 | 1889.7 | 602.4 31.9% | 6.0 1 1991 1
Hannanese | 785410 117936 1 10,2 32.3% | 1.%% H 200 I
Chroaite | 24703 | 3810.2 | 1320.0 Jd.éX | 4.9% I 1994 I
Rutile | 185.4 | nua | 122.9 40.5% | 6.2% | 1993 |
Carnet I 40.1 1 8.3 1 0.2 41551 2. 1 2009 !
Hyanite & Related Minarals | 362.9 ! 626,08 1 2631 4.8 J.x 1 2002 |
Hica, Sheet | &2 137 1 7.9 4.6 | =2,2% I - |

| { 1 1 [

Source:

LS. Bureau of Mines (1985).
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Bauxite for
non-metal use

drilling mud; can be
replaced up to 20 % by
weighting agents;

no recycling potential;
limited substitution
posslble;

Annex 6.2, Observations on Recycling, Substitution and Long-Term
Adequacy of Supply

Commodity Recyeling & Adequacy of Supply
Substitution until 2000

Asbestos no recycling potential; adequate supply assured, no scarcity
no Immediate substi- anticipated;
tutes;

Barite partly reused in use as  known supply limited to 25 times

world production; future scarcity
cannot be ruled out;

known reserves adequate to meet
cumulative demand well beyond 2000;

Boron no secondary recovery  supply capacity is adequate until
and reuse; very little 2000;
substitution possible;
Bromine 5 % rucovered and re-  reserves large and adequate for many

used in U.S.A.; can be
partly substituted by
chlorine, iodine,

years; .

borates;
Chromium, for susceptible to substi- reserves are adequate to meet high
ricn=Metal Use tution in refractories forecast world demand;
& chemicals;
Clays no recycling potential; reserves more than adequate to meat
substitution posslible; cumulative demand;
Corundum & substitutes are avail- reserves easily accommodate cumu-
Emery able for all uses; lative demand;
Diamonds, substantial quantities  supply assured both for natural &
Industrial are recovered from in- synthetic diamonds;
dustrial waste; less effi-
cient substitutes are
possible in mest appli-
cations;
Diatomite substitutes avallable in world reserves are more than
most applications; adequate;
Feldspar Secondery utilization in widespread occurrenze, no re-

recycled glass; substi=-
tutes are nepheline sye-
nite, tale, pyrophyllite;

source shortage expected;
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Commodity

Recycling &
Substitution

Adequacy of Supply
untii 2000

Fluorspar

Garnet

Graphite

Gypsum

Iodine

Kyanite

Lime & Cal-

cium Compounds

Lithium

Magneasium,
Non-Metal

Manganese
Non-Mstal

fluor-chemicais serve
as secondary resource;
limite substitution
possibie;

both natural and syne
thetic substitutes are
available;

no secondary sources
or recycling; sub-
stitites in some appli-
cations exist;

25 % of consumption is
recovered as byproduct
from chemical opera~
tions;

small quantities re-
covered as byproduct;

substitutes and alter-
nate materials are avail-
able for all products;

due to low unit value,
there is no substitution
pressure;

cannot be substituted in
certain medieal & cera-
mics applicationez but in
some other uses;

can be substituted in
refractory application
by kyanite, alumina,
chromite;

gubstlitution in chemi-
cals & batteries possib’e
but limited for econo-
mie reasons;

world reserves adequate
through 2000;

world reserves are adequate to
meet demand through 2000,

world resources are immense
and can meet cumulative demand
for centuries;

resources are virtually unlimi-
ted; current world reserves are
adequate to meet cumulative
demand for forecast period;

estimated reserves are several
times cumulative demand
through 2000;

an ample supply exists, sufficient
through forecast period;

current world resources are more
than adequate to meet demand;

world reserves are quite ade-
quate to supply cumutative
dernand beyond 2000;

reserves are ample to meet
demand beyond 2000; seawater
provides additional resources;

reserve quantities are more
than adequate to meet long-term
supply;
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Commaodity

Recveling &
Substitution

Adequacy of Supply
until 2000

Mica

Perlite

Phosphate
Rock

Potash

Pumice

Rare Earths

Salt

Sand & Gravel

Soda Ash

miny substitutes are
available except for
the very high-quality
rheet mica in electro-
nic uses;

can be replaced by ver-
miculite & lightwelght
aggregates in insulation
application; competitive
matzrials oxiat in other
uses;

no substitute in agri-
cultural 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;

subatitutes are avall~
able in many appiica-
cations, but usually
significantly leas
efficient;

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;

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

world reserves are adequate to
meet cumulative demand
through forecast period;

estimated world reserves appear
adeguate to meet demand
through 2000;

cumulative demand until 2000
can be supplied by world reserves;

data on world reserves are
insufficient, yet no supply
shortages are expected;

world reserves are much greater
than cumulative 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 maet foreseeable demand;

possibility of aynthetic production
utilizing salt.& limestone Is vir-
tually unlimited;
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Recyeling & Adequacy of Supply

Commodity
Substitution until 2000

Stone, Crushed recycling of concrete  resources are-virtually un-
is increasing in cases  limited and adequate to meet
of local scarcity; sand  demand beyond forecast period;
and gravel are inter-
changeable with crushed
stone;

Sulfur subject to substitution present world reserves are barely
as a process chemical; adequate to meet anticipated

_ distinct adventage is demand to 2000;
byproduct steam produc-
tions

Telc & Pyro- shift toward alternate  reserves workable at moderately

phyllite materials possible in higher prices are adequate to
insecticides, cosmetics; meet cumulative demand to 2000;
but production is among
the least-energy
intensive;

Titanium synthetic rutile is pro- ample reserves exist to meet
duced from beneficiatad cumulative demand well beyond
ilmenite; 2000;

Vermiculite alternate materlals although world reserves are more
include perlite and than adequate to meet demand
synthetics; to 2000, supply is highly

concentrated;

Zirconium &
Hafnium

campeting materials in world cumulative demand to 2C00
foundry use are is equivalent to 23 % of estimated
chromite sand, nlivine; world reserves;

more than 50 % may be ‘

recoverable in foundry

application;

Source: U.S. Bureau of Mines (1985).
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Annex 6.3, Probable Average Annual Growth Rates of World Indus®rial
Minerals Demand from 1983 - 2000

Y Uorld Desand in § Probable aversge anmal |

|
| Commodity 1 1983 (1000 wt] 1 growth rate 1963 - 2000 1|
1 1 | l
| Qoartz Crystal | 10.1 1 6. 7% |
! Rutile ! 320,01 6.0% 1
1 Tlmenite 1 2260.0 ) 6.0% i
{ | 1 i
| Stone (Dimension) i 11575.9 | §.8% \
{ Zicconium & Hafniuw (A1) Uses)| £92.0 ¢ 5.6% |
1 Talc and Pyrophyllite | 6640.0 1 5.0% \
I | | i
| Chromite (A1l Uses) | 3450.0 | 4.9% |
| Asbestus | 4180.0 | 41,5 |
1 Lithiom Raw Haterials | 7.4 1 4.5 |
| | | l
| Bauxite { 5217.8 1 ki ) |
| Thosphates | 94690.0 i 3.6% |
| Salt | 161170.0 | 348 \
{ Sulphar | 32030.0 1 4N ¢
| Diatomite 1 1513.0 1 3.2%% |
{ Hitrates i 622.5 1 .8 |
| Clays, Common 1 3oe.20l S O\ ) 1
1 Sodium Carbonate 1 7400.0 | K1 i
(AT I 110628.0 | KR |
i Cemant | 914822.0 | 3.1 |
| Parlite | 1207.0 | L] |
| Kyanite & Ralated Hin, i 362.9 | 3.0% |
| EFlourspar 1 4220.0 | 3.0% i
| i | 1
i Potash 1 26608.0 1 2.9% |
| Send and Eravel I 7166680.0 | 2.84 |
| Silica, Ind. Sand | 161440.0 | 2.8% i
| Silicon { 1594.9 | N !
| Todine 1 1251 2.6% |
| Rare Earths | .30 2.6% |
| Stone (Croshad) | 2630680.0 | 2.6 |
1 Uersicalite | 47.2 1 2.6% I
| Pumice & Ealated Hin. | 11254.0 | 2.5% |
| Gypsum & Anhydrite l 78357.0 | 2.5¢ L
| Garnmat l B.41 .0 |
| Diszonds, Industrial 1 0.007 | 2.5% |
| Boron | 2200.0 ¢ 2.4 i
| Barite | 5470.0 | 2.2 l
| Corundum | 18.8 1 2.0% I
| Strontimm 1 136.9 ) 2.0 i
i 1 | {
| Emery | 58.0 | 1.8% !
| Graphits | 620.0 1 1.5% |
| Hanganese (All Uses) { 8250.0 1 1.4 l
| Foldspar { 3830.0 1.0% i
| Browine i 350.0 1 1.0% {
ll Hagnasite i un.e1 1.0% l
\ | |
| Hica {ground & delaminated) | M3.8 | .78 |
| | i i
| Hica {Shest) [ 621 2.8 |

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




Annex 6.4.  Actual vs. “rojected Demand Growth Rates of Industrial Minerals 1973-1983

L

WRLD DEMAID | PROJECTED AVERAGE AMMUAL | CALCULATED WORLD 1 ACTUAL BORLD DEMAMD 1 DEVIATION | PROJECTED VS. ACTUAL AW |

|
comoITy I 1973 (1000 wt) | GROMTH-RATE 1973 - 2000 § UEMAND 1983 1000 mtd | 1953 (1060 mt] | (1000 at) % 1 GROUTH-RATE 1973 - 1983 :

I ! 1 ! 1 [
Diatoaite | 1287.3 | 6.2% [ 2369.3 ) 1305.5 1 -1043.8 -80.0% | 8.2%  0.1% 1
Salt | 154662.2 | 5.8% 1 271794.0 t 163032.9 1 -10B761.1 ~66.7% | 5.8 0.5% I
Lithius Raw Haterials I 3.5 5.5% 1 6.0 1 7.4 1 105 19.4% ) 5.5%  2.8% {
Phosphates 1 96010.0 | 5,4% i 165874.9 1 135000.0 1 -30894.9 -22.9% | 5.4% 3% I
Vernicolite [ 498,11 5.1% [ 819.0 1 449.1 | -370.8 -82,4% | 5.1%  -1.0% |
Kyanite & Related Hinerals I 285.8 | 5.0% [ 445.5 1 362.5 | -102.6 -28.3% 1 5,08 2.48% 1
Bromine [ 2%7.6 | 5.0% ! 43%.8 1 360.5 | =749 -20.6%1 5.0%  3.0% ]
Rutile | 174.6 | 4.5% 1 a1 185.1 1 ~B6.1 -46.5% 1 &5%  0.6% 1
Ilmenite | 1293.4 | 4.5% 1 1915.4 1 1267.3 | -§28.1 -48.8% 1 45% 0.4 l
Floursper ! 4907.3 | 4.4 [ 7394.4 1 2430 1 31514 -74.3% 1 §.4% -1 1
Feldspar i 2762.0 | 4.4% [ 47561 1 35181 | -737.9 -21.0% ¢ 4,45  2.4% |
icsonds, Industrial I KA | 4,.2% 1 wa i 8.007 § Wa WAl £2% Wa [
Borea [ 995.2 | 4,2% 1 1501.7 1 938.0 { 5637 -60.1% | £2%  -D.6% [
Talc, Saapstone, Pyrophyllite 1 5404.2 | 3.0% 1 7847.0 1 §852.1 ¢ -9%4.9 -14.5% | 3B 2. 1
Silicon I 1772.2 | 575 | 2555.8 | 1994.9 | -560.8 -28.1% 1 I LA 1
Sodius Carbonate {natural & synthstic) 1 21368.2 1 b ! 30729.4 1 29030.4 1 -1699.0 -5.9% 1 1A LIk t
Rare Earths 1 2.3 1 3% I 32.0 1 3.3 1 1.5 -4,1% | .3 T & 1 [
Garnct 1 24.0 | 3.6% I 34.2 1 a1 5.9 144X | 5 2 T |
Eraphite | ¥76.5 1 3.5% ( 3. 573.4 | 23 241 35% 4% |
Berite ! £486.1 | 3.5% ! $328.1 | 5522.1 | -806.0 -14.6% | 3.5%  2.1% 1
Sulphur ! 48198.0 | 3.5% [ 67988.1 | 50472.0 1| 175151 -3 | 35%  D.5% 1
Potash [ 21147.8 | 3.5% | 258306 ¢ 26619.0 1 3211 -12.1% ) 358 2.3 [
Sand and Gravel | 6148750.0 | - 3.5 i 8701935.0 | 7164800,8 | -1535055.0 -21.4% | 3.5%  1.5% 1
Todine | 121 3% ! 15.4 1 13.0 1 -i.6 -12.0x 1 7% 2.1% l
Crushed Stons § 27216009 | 3.2% | 3729245.2 | 2630880.0 1 -1099355.2 —41.7% 1 1.2% -0.% |
fisbestos [ 4186.¢ 1 3.2% 1 5735.8 | 4157.0 | -1578.8 -38.4% I ER- R ] I
Zirconive | 1.2 1 2.5% I 3743 | 3611 | 132 A 2.9%5  2.5% I
tanganess - [ 9207.0 | 2.8% [ 12794.4 1 78341 -4811.8 -60.3% | 2.0 L% 1
Chronite ! 1999.5 | 2,8% [ 2635.4 1 2490.3 1 -145.1  -5.6% | 2.8x - 2.%% |
Cement | 702172.8 1 2.7 1 916532.1 | §25344,0 | 88119 1.\ 2.7% 1.8 1
Corundus ! 10.4 ¢ 2. | 13.6 1 18.8 1 51 27.& 1 2.7%  6.0% |
Line ) 107458.7 1 2.6% ! 138704.4 | 108090.2 | -30914.2 -28.5% | 2.6 0,1% H
Clays [ 526176.0 1 2.3 1 6695245 | A16219.2 | -242305.3 -57.9% | 2.3% 2.5 I
Gypsum & Anhydrits [ $1534.5 | 2.0% | 75009.9 1 77837.8 1 2827.9  3.é% | 2.0 2.4% 1
Strontivm | 99.2 | 1.6% [ 15,1 1 53.5 | -61.5 -114.9% | 1.6%  -5.5% 1
Hica, Scrap and Flake I 29.5 | 1.5% [ 256.4 | 236.8 | -29.6 -12.5% | 1.5%% 0.3 i
Dimension Stone { 20368.5 1 1.5 H 22499.5 1 11575.9 | -10923.6 -94.4% 1 1% -5.5% |
Silica, Industrial Sand [ 190512.0 | (T 1 WA | 181440.0 1 Wa Wal WA -0.5% l
Hica, Sheet [ 8.4 1 -4.6% 1 531 621 0.9 15.2% |l -4.8%  -3.0% :

| ( [ 1 { .

Sources: U.S. Bureau of Mines {1985); 1).S. Bureau of Mines (1975).
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Annex 7.1. Developing Countries with Favorable Market Conditions for
Industrial Mireials Sector Growth

Population Area in Average annual
Country mid- 1983 10° km? growth rate of GNP
(millions) per capita {1965 - 8%)
in %
Low Income
Economies
Burma . 35,5 - 877 2,2
China 1019,1 9 561 4,4
Sri Lanka 15,4 66 2,9
Kenya 18,9 583 2,3
Pakistan 89,7 804 2,5
Lower Middle-Income
Economies
Indonesia 155,7 1919 5,0
Egypt 45,2 1001 4,2
Morocco 20,8 447 2,9
Philippines 52,1 300 2,9
Nigeria 93,6 924 3,2
Thailand 49,2 514 4,3
Turkey 47,3 781 3,0
Colombia 27,5 1132 3,2
Upper Middle-Income
Economies
Malaysia 14,9 330 4,5
Brazil 129,7 8 512 5,0
Korea, Rep. of 40,0 98 6,7
Portugal 10,1 92 3,7
Mexico 75,0 1973 3,2
Algeria 20,6 2 382 3,6
Yugoslavia 22,8 256 4,7
High-Income 0il
E.xporters
Saudi Arabia 10,4 2150 6,7

Source: World Bank (1985).
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Annex 7.2, Claysification of Developing Countries According
to Their Geological Potentisl

Class Country Ranking eccording to C.E. Michener (1969)
10 Muxico, Brazil '

9 Indonesta, Namibia, Zimbabwe, Angola, Mozambique

8 Argentina, Chile, Congo, Philippines

7 Ethiopia, Kenya, Tanzania, Nigeris, Saudi Arabia, Turkey,
India, Pakistan, Burma

& n.a.

5 n.a.

4 Surinam, Ctte d'lvoire, Libya, Sudan, Tunisia, Iran, Iraq,
Jordan, Kuwalt

3 Guinea

2 -

1 -

n.a. not available
1D= positive

1= negative
Class Country Ranking according to G. Liittig (1978)

1 Bollvia, Brazil, Madagascer, Malaysia, Maxico, Papua New
Guinea, Peru, Zarnbla, Thailand, Zsire

2 Angola, Argenting, Chile, Botswana, Dominican Republlc,
El Selvador, Guyana, Colombia, Congo, Mozambique,

5 Nlearagua, Philippines , Zimbabwe, Surinam
.8,

4 M8

5 Afghanistan, Benin, Bhutan, Guinea-Sissau, Yemen (AR),
Yemen (PDR), Cape Verde, Comores, Malawi, Reunicn, Sene-
gal, Sudan, Tanzania, Tchad

6 Bangladesh, Djibouti, Mali, Niger, Upper Volta, Somalia

n.a. not available

1= excellent geapctential 5= low geopotential
2= very good geopotential 6= very low geopotential

Source: Brixel (1985).
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Annex 7.3. Classification of Developing Economies According to
Potisical Investment Climate

Economies Bl-Classification 1/ (J&geler et al. v
HODQ Kong 98
Talwan :
Chile :
Mexico BD
ME!ayBia :
Brazil 79
2 79
Colombia :
Tunisia :
Saudl Arabla :
Venezuela :
Libya . V..-A-_A.,_.,..,.A_,. 63
Nigeria ;
Iraq :
Liberia Sa
Zaire :
= 49

100= maximum stability
1/ Modified Index of Business International Carp.

Political Investment Clirate 2/ Econamies (Coplin et al. 1983)

Good Taiwan, Cameroon

Medium Mexico, Turkey, Rep. Kores, India, Egypt,
Vene;uela, Pakistan, Indonesia, Malaysia, Jamalica,
Chile, Zambia, Costa Rica, Zaire, Peru, Ecuador,
Morceeo, Philippines, Colombia, Thailand, Tunisia

Poor Iran, Argentina, China, Brazil, Algeria, Zimbabwe,
Dominican Republie, Bolivia, El Salvad-r, Nicaragua

2/ According to Frost and Sullivan's WPRF-System
Source: Brixel (1985).
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