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I. SUMMARY

A. OBJECTIVES

The objective of this study is to jdentify industrial develop-
ment opportunities for Bolivia in the non-metallic minerals sector
and classify them according to their promise. for those opportu-
nities having the rost promise feasibility or prefeasibility

studies are recommended.

B. SCOPE
The non-metallic minerals sector was initielly defined to

include the following products:

1. (25.02.0.01) TRON PYRITES

2. (25.06.0.01) QUARTZ

3. (25.07.0.01) BENTONITE

L. (25.07.0.02) KAOLIN

5. (25.07.0.03) FULLER'S EARTH

6. (25.08.0.01) CHALK

7. (25.09.1.01) OCHER

8. (25.13.0.03) NATURAL CORUNDUM

9. (25.15.2.01) ROUGH MARBLE
10. (25.15.2.02) CUT MARBLE, UP TO 5 cm. IN THICKNESS
11. (25.15.2.03) CUT MARBLE, OVER 5 cm., IN THICKNESS
12, (25.16.1.01) GRANITE - IN BLOCKS OR CHUNKS

13. (25.16.1.02) CUT GRANITE

1k, (25.16.2.01) PORPHYRY - IN BLOCKS OR CHUNKS


http:25.16.2.01
http:25.16.1.02
http:25.16.1.01
http:25.15.2.03
http:25.15.2.02
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http:25.3.0.03
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15. (25.16.2.02) CUT PORPHYRY

16. (25.16.3,01) BALSAT - IN BLOCKS OR CHUNKS
17. (25.16.3.02) CUT BALSAT

18. (25.18.0.01) RCUGH DOLOMITE

19. (25.18.0.02) CALCINATED DOLOMITE

20. (25.18.0.03) AGGLOMERATED DOLOMITE

21. (25.19) NATURAL MAGNFSIUM CARBONATE-MAGNESITE
22. (25.19.0.01) ROUGH MAGNESITE

23. (25.19.0.02) CALCINATE MAGNESITE

2. (25.20.0.01) ROUGH OR CRUDE GYPSUM

25. (25.20.0.02) POWDERED GYPTUM

26. (25.20.0.03) CALCINATES

27. (25.22.0.01) COMMON LIME

28. (25.22.0.02) HYDRAULIC LIME

29. (25.24.0.01) ROUGH ASBESTOS

30. (25.24.0.02) ASBESTOS FIBER

31. (25.24.0.03) POWDERED ASBESTOS

32. (25.26.1.01) ROUGH MICA4 - IRREGULAR SHEETS
33. (25.26.1.02) POWDERED MICA

34. (25.27.0.02) POYDER TALC

35. (25.29.0.01) REALGAR

36. (25.32.0.01) NATURAL SODIUM SULPHATES

37. (CHAPTER A9) CERAMIC PRODUCTS-FINE AND ELECTRIC
38. (CHAPTLR 70) GLASS AND GLASS PRODUCTS
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Certain non-metallic minerals such as iron pyrites which have
predominantly chemical or agricultural use were transferred to the
chemical sector. Other minerals such as barite,which were no: in-
cluded in our scope of work but which our field work indicated
might be potential opportunities, were also examined. TFor those non-
metallic minerals which are available in Rolivia in commercial quan-
tities and which are of high quality we also considered the possibi-

lity for their further upgrading into intermediate and end products.

Opportunities were examined within the context of the Andean
subregion. We also considered the possidlity of exporting certain
non-metallic mineral products to the Cuenca de Plata area and world

markets.

C. APPROACH

The approach towards screening opportunities pla(éd,méjér;eﬁpha-
sis on resources, markets, and minimum economic scale of plant. As
8 preliminary step to the study of individual minerals, joint dis-
cussions were held between Arthur D. Little, Inc. and representa--
tiveg of theiMinistriesof Planning and Mining. As a result of these
disccussions a priority list was drawn up for use as the basis for

our investigations.

Those minerals that appeared initially to have high or medium
opportunities for development were then considered from the point
of view of resource availibility. A comparison was made with similar

non-metallic nineral resources in andecen countries in order



to determine whether Bolivia had a particular advantage in supply-
ing the Andean subregion with non-metallic minerals or with products

manufactured from those minerals.

The next step in the screening process was to examine the mar-
ket for those resources available in Bolivia in commercial quanti-
ties. Our market analysis focused on the Andean subregion. Data
and information were: chllettéd -on production, imports, ana. exports
for Bolivia and *the other Andean countries for 1966 through 1968.
This analysis was surplemented by a full program of interviews in
each of the Andean countries with knowledgeable people in the
various industries that might use non-metallic minerals and their
derivative prcducts. In this way we established the grcwth rates
and future needs for these non-metallic minerals and their derivative
products as well as the price &structure prevalent in each country in
the subregion. Tor specific products which might be exported beyond

the Andean subrepgion we also exemined world markets.

The final step in the screening process was to determine for
every opportunity indicating promise, on the bzsls of the resource
and market analysis, whether the market is adequate to cupport a
minimum economic sized plant. A description of the process required

to manuTacture the product was also presented.

D. CONCLUSIONS
Cur analysis of resources, markets, and mirnimum economic scale

of plant and technology indicated the following opportunities:



1. COESTRUCTION MATERIALS
2. GLASS

3. CERAMIC TILE

4y, MAGNESITE GRAIN

5. ASRESTOS

6. VITREOCUS PLUMBING

Other non-metallic minerals and their derivative products were
eliminated from further consideration for a number of reasons.
First, in come cases Polivia did not have a mineral in sufficient
quantity or quality to justify commerci alization. Second, a large
number of non-metallic minerals are low in value in relation to
bulk and, therefore, are rerely shipped long distances but rather
serve the local market. This group of non-metallic minerals in-
cludes cement, gypsum, brick, block, sand and gravel, and rocks.
Third, in some cases Bolivia did not have any advantese in avai-
1ibility and quality of specific mineral resources over other
Andean countries. TFourth, for some non-metallic minerals and deri-
vative prcducts the market was not sufficiently high to justify a

minimum econciiic scale of plant.

‘1.. Gonstruesion laterials

The construction industry in Bolivia and throughout the world
is the largest consumer of materials and products manufactured by
the non-metallic minerals industry. The basic materials used in
construction are steel, cement,sand gravel, and rock. They are

used in both crude rerm and also a major constituents in floor tile,



plaster, pipe, masonry, and other specialty building products,

with the exception of certain high value added non-metallic mineral
products (e.g. glass. cercmic ware). Most construction. preducts nave
relatively large bulk and low value and freight costs are a major
element of fTinal costs. This indicates that low value construction
materials for the most part must look to the domectic market for
their principal outlets, with export markets being incremental
markets. This is perticularly true in Bolivia, where treight

costs to markets outside the country are relatively high and most
construction producte have low value and are readily available

in neighboring countries.

It is quite likely that a number of opportunities are avail-
able in the construction materials field. The construction in-
dustry is highly complex. It involves the non-metallic minerels,
forest products, steel, and chemical industrial sectors. Many of
the products of construction can be made of a number of different
materials such as wood, steel or concrete framing; plastic, clay
or steel pipe; wood or metal windows and doors. As a result before
many opportunities are identified in this area a careful examination
must be made of markets for construction materials, projecting
demand, cn the one hand, while nothing the likel¥hood of subs-

titution of one material for another, on the other hand.

S 2. .Glass

At present Bolivia's demand for flat glass is approximately



2,500 tons each year: by 197h this market is expected to grow to
4,000 tons. Our analysis has also indicated that it may be pos-
sible to export flat glass of e thickness greater than 4 mm and
specialty glasses to the Andean subregion. On this basis, there
may be an opnortunity to establish a glass plant in Bolivia to
supply the domestic market and perhaps segments of the Andean

market.

Before this opportunity is implemented, however, a detailed
study should be conducted to investigate factors such as the
market in Bolivia and other countries in the Andean subregion
for glass of different thicknesses and specialty glasses, the
type cf process to be utilized, and manufacturing costs. Of
critical importence would be the selection of the process. Two
Processes seem appropriate: the Forcault and the Pittsburg
processes. The Forcault process is used in other Andean countries
and is relatively inexpensive to install and simple to operate.
The problem with the Forcaulty process is that it does not ef-

ficiently make glass with a thickness of more than 4 mm.

The second process, the Pittsburg process, is more modern
and requires larger investment and greater procduction volume to
be econcmic than the Forcault process. It produces better glass,
however, which could be exported to the other Andean countries.
Such en export market is essential to make this project viable.
The fact that Bolivia wouid be the only country in the Andean sub-
region producing Fittsburg glass could result in the export of
the thicker glesses as well as in the quality sensitive very thin

glasses.



Starting with a glass industry oriented towards supplying the
domestic marke: its recuirements and perhaps the Andean market with
certain types of glass, the industry could then be enlarged to pro-
vide specialty glasses and vperhaps insulating window glass and high
quality silica sand, if it is available, to the other Andean coun-
tries. Specialty glasses could be produced in a plant utilizing

either the Forcault or Pittsburg process.

3.~ Ceramic Tile

The current market for ceramic tile in Bolivia is approximately
750 metric tons; by 1974 it will grow to 1,100 tons and by 1985 to
3,750 metric tons. On the basis @f the Bolivian market aloae there
appears to be an opportunity for the establishment of a tile plant

producing 1,500 metric tons per year.

There currently exists a number of tile plants in the other
Andean countries. These plants are capable of expanding to supply
the local nceds. The industry in the other Andean countries is
characterized by heavy competition and are relatively quality cons-
cious. As a result of these factors, export possibilities for this

industry are remote.

.- Magnesite and refractory bricks.

& very large world market exists for high quality magnesite
grain, which is magnesite rock fully benefitiated and burned to
drive off various elements.

Vorld markets can easily absorb 40,000 additional tons of

this product for use in magnesite bricks, whose demand is growing in



addition, the Andean subregion also represents a warket Tor magne-
site grain since their reaquirements which amount to about 9,000
tons each year are nearly entirely imported. Chile and Peru are

the largest importers esch accounting for about 3.000 tnons.

The succes of this project will vrimarily depend on the
quantity of the mineinl resource, the design of the beneficiation
process so that it provides the proper material for the purning

process, and the design of th burning process.

At this time, our analysis has indicated that the opportunity
to produce magnesite refractory brick for the world market is not
very promising. The biggest and more sophisticated users of this
product around the world prefer to purchase megnesite brick from
firms such as Harbeson alker and Lota-Green who provide highly
technical services as part of their sales effort. Peru, Colombia
and Chile all have an established industry producing refractory
bricks., Colombkia imports a small amount of magnesite brick but
the existing industry is expanding its facilities so as to elimi-
nate these imports. It would thus appear that the establishement
of a refractory brick plant in Bolivia could not be based on finding
an export market for its product in the Andean subregion but would

have to depend on the domestic market.

Bolivia currently consumes approximately 2.800 tons of non-
magnesite refractory bricks per year. This demand is supplied by

the existing local industry. The demand for refractory brick in

10



Bolivia is expected to grow to 4,300 tons by 1975 and 5,000 tons

by 1977.

If facilities for the production of magnesite refractory bricks
are establi:hed in Bolivia, the excess production would have to be
sold in external market. Alternatively the establishment of these
facilities could wait until the Bolivian market is sufficiently
large to ustify a minimum economic scale of plant.

5. Arbostos

Over 75% of the world demand for asbestos fiber and over 90%
of the demand in South America is used in cement asbestos products.
Two types of asbestos opportunities were studied: asbestos fiber,
and asbestos cement products.

Because of the asbestos resources available in Bolivia there
may be a very large opportunity for Bolivia to become a signifi-
cant supplier of asbestos fiber to the world market. The major market
2or asbestos is in cement asbestos products. These products use
w<Hestos grades L, 5 and 6 which have an average world price »f
ooproximately U.S. $200 per ton. The markets for the longer fibers
1, 2 and 3 are heavily oriented towards textiles, papers and special-
ty products. The price of these products are declining in the
world market where there is excess supply. There are also signifi-
cant health implications to the use of grades 1, 2 and 3 in pro-

ducts for human consumption.

This analysis indicates that the most promising opportunity

for Bolivia in asbestos fiber would be for grades 4, 5 and 6 which

11



are used to manufacture asbestos cemeut procucts. Before this
opportunity is realized, however, it must be proven that the
asbestos mineral found in Bolivia is suitable for qement as-

bestos products.

The opportunity for the manufacture of asbestos cement prodncls
will depend on the quality of the asbhestos mineral available in
Rolivia ard on the market potential for these products. Even assum-
ing that the quality of Bolivian asbestos is suitable for the manu-
facture of asbestos cement products, our analysis of the market for
these products has indicated that the opportunity is not very
promising. All the other Andean countries have sufficient capacity
for the manufacture of asbestos cement prodvcts to satisfy their
domestic needs. The possiblitiy of exporting asbestos cement pro-
ducts to the world market is also not very likely since transport
costs would be prohibitive and sufricient capacity exists in the

major markets to satisfy their local needs.

In Bolivia a cement asbestos factory with capacity of 13,000
tons commenced production in Cochabamba in 1970. This factory im-
ports part of its asbestos fiber needs. It is of sufficient size

to fulfil local reouirements for the next few years.

6. Vitreous Flumbing
At present Bolivia imports about €00 tons of vitreous plumbing
each year at an average cost of US$ 590 per ton. Ue expect that

by 1973 demand will be 925 tons and by 1985 about 2,500 tons. Our

12



experience has indicated that the minimum reguired capacity is
approximately 2,000-5,000 tons per year, depending on the kiln.

As a result, the Bolivian market will not be sufficiently large

to justify a minimum economic scale of plant for the next 8 to

10 years. The immediate establishment of vitreous plumbing faci-
lities would need to export their excess production until Bolivian

demand rosz» to meet capacity.

Our analysis has indicated that the other Andean countries
have an excess cepacity of about 5,000 tons.per ysar. The possibi-
1ity of exportins to the Andean subregion, therefore, is limited
until about 1573-1974 when capacity will be roughly in balance with
demand. It is at that point that perhaps an opportunity may exist
for Bolivia to establish a plant which would supply both the Boli-
vian market and perhaps the Andean subregion, It must be noted,
however, that if plants in the other Andean countries expand their
facilities Rolivia would find it difficull to compete and the plant
would have to depend on a Bolivian market insufficiently large to

support the plant,

E. RECOMEUDATIONS FOR FEASIBILITY OR PREFEASIBILITY STUDIES

e have classified the six opportunities identified in our
analysis according to whether they shoud be investicated with a full
feasibility ctudy or z rvefeasibility study. The classification im-
plies in the Tirst care that the project cannot be deemed totally
feasible unless all clerents of the opportunity are investigated

ineInding resouvee evalnation, mavkets, yproduction costs, and

13
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marketing and industrial organization. In the pre‘easicility
studies we have identified one or two critical variables which

must be investisated before total project feasibility is evaluated.

The feasibility studies should include the manufacture of (1)
glass and (2) ceramic tile. Prefeasibility studies should cover
(1) the eonstruction industry,(2) the production of arain raznesite
and (3) the menufacture of asbestos fiber. In the case of wvitreous
plumbing since the opportunity will probably not exist for a period
of yearsﬁhntil domestic demand expands to equal that needed for a
minimum ecocnowic seale of plant)it is recommended that a study not

be undertaken immediately.

1L



II. REVIEW OF THE OCCURANCE, RECOVERY AND

ECONOMICS OF NON-METALLIC MINERALS

15



IT REVIEW OF THE OCCURRENCE. RECOVIRY A™D TCOITMTCS OIS DU
MINERALS

In order to set the proper framework for analyzing opportuni=
ties in the non-metallic minerals and derivative products sector
we will examine in this chapter the physical and chemical proper-
ties of these minerals, their usual mining and productinn methods,
the major products derived {rom non-metallic minerals, and the

typical prices that can be obtained in trade.

The following were included in this discussion:
1. ASBEETOS
2. BARITE
3. BENTONITE
L. CEMENT
5. CORUNDUM
6. DOLOMITE
7. FELDSPAR
8. TFULLER'S EARTH
9. GYPSUM

10. KOALIN AND OTHER CLAYS

11. LIME, CALCIUM, AND DOLOMITE

12. MAGNESITE

13. MICA

14, OTiERS

15. QUARTZ

16. REALGAR

17. CRUSHED OR BROKEN STONE

16



18. DIMENSION OR BUILDING STONE
19. TALC (SOAPSTONE OR PYROPHYLLITE)
20. RAV MATTRTALS FOR GLASS MANUFACTURE

21. CERAMICG

A, ASBESTOS

Asbestos is a commercial designation for a generic group of
fibrous silicate minerals vhich are characlerized by resistance
to heat and flexibility of Tibers. The most importaut type is
chrysotile, with crocidolite, amosite, anthophyllite, tremolite
and actinolite beinp other varieties. Chrycotile is graded
according to fiber length with groups one to three on the Cana-
dian classification being the largest fibers and groups four to
seven beins progressively shorter fiber and less valuable. In
nature asbestos occurs in three forms:

a) Cross fibers. This is the most important group, and

yields the best fibers which are found perpendicular
to the face of the asbestos deposit or vein. They may be
2 to 3 inches long. (The Bolivian blue-asbestos is

believed to be found as a cross fiber.)

b) Slip fibers. These fibers are found parallel to the
deposit face, often 3 inches long, but, because of the
difficulty in recoverins the asbestos, they are much

shorter and less valuable afler beneficiation.

¢) Mass fibers. This occurs in masses rather than vains,

17



often with no orientation. Because of this, ard hign
recovery costs, it is the least valuable abbestos and

the least irporiant of the three types.

In general, the quality of an asbestos deposit is measured
by the amount of processing necessary to reduce it to a saleable
product as well as by the fineness and length of the fiber.
Asbestos millinz practice is generally designed to recover the
maximum percentage of the long fiber cven at the expense of the
short fiber. Flowsheets vary widely and Canada, the world's
leading producer, has recently been simplifying its flowsheets.
The processing techniques utilize the fact that asbestos has high

tensile strength.

In operations smaller than in Canada, hand picking is used
rather extensively. The ore is reduced by a jaw-crusher to about
2" to 4" size, dried in rotary-direct fired driers, and then
further crushed and sereened with cuction to collect the libe-
rated fivers. Additional further crushirg (usually gyratory
units) followed by srreening with suction are repeated until the
ore has been depleted »f the fiber. HNormally only about 59 to
10% of the rock mine is recovered as an asbestos product. Of the
asbestos recovered, it is likely that orly about 10% is 2 long
spinnin;t zrade fiber with 907 a chort noncpinning grade. Ordina-
rily thece catepories would be broken down into seven or more sub-
classifications, based on the length of the fibers, and the percent

of contained impurities sueh an prit. Essentially all processing

18



techniques utilize the above simple operation and, therefore, are
dry. This is frequently important since the location of many of
the mines are remote from an adequate water source. One current
processing problem involves the dust losses and air pollucion and has
created renewed interest in the wet processing techniques. Ve know of

none that have been adopted.

A typical Canadian asbestos producer might handle 1,000 tons
of rock per day and produce 60 to LOO tons of bagged fiber per
day. A plant that produces less than 25 to 50 tons per day is
rarely profitable for products that ate the 90% nonspinning shorts

and 10% spinning grade and for ore containing up t» 30% fiber.

The uses of asbestos fibers of all varieties are numerous and
range from floor tile to rockets. The longer {ibers -- Canadian
groups 1, 2 and 3 and their equivalents from other countries --are
used for making textile products such as cloth, yarn, tape, and
rovings. Only about 5% of world ashestos production enters into
asbestos textile products; this market has shown little growth in
recent years. Chrysotile is the primary type of asbestos used in
the manufacture of textile products, thoush crocidolite and amosite
are used to a minor extent. The suitability of the asbestos for
textiles depends on the tensile strength, fineness, and flexibility
in addition to the length of the Tibers. Use of shorter length
fibers and thoce of infevinr strengths is not acceptable for the
manufacture of textile products because ol the problems crecated in

the machines (broken {'ibers, hish losses in processinﬁ) and they

19



increase the amount of shorter fiber required. The asbestos is
spun and woven in much the same way as cotton, silk, or wool.

The fabrics are used extensively for lagging cloth, brake linings,
clutch facings, safety clothing, packings, and gaskets, etc. TLow-

iron fiber is used in cable insulation.

Shorter fibers such as Canadian groups 4, 5 and 6 are used
extensively for asbestos-cement products such as roofing shingles,
pipes, and flat ard corrugated sheet. Asbestos cement products
consume almost 2/3 of the world's asbestos production and have
been experiencing a rate of growth equal to that of industrial
construction. These prcducts consist of about 85% Portland cement
and 159 asbestos. Canadien_groups k and 5 are used extenslvely for
making 85% magnesium block and pipe insulation and group 5 1s also
suitable for ashestos paper and mill board manufacture. Grade 7
fiver which 1s a waste ccmmodity.ls used for flller applications.
Amosite is used for filtered insulation in blanket form for high
temperature service up to 900° F as well as for a lightwelght,
fire resistant marine partition board. Bolivian crocodilite has

been found useful in the past for making gas-mask filters.

The world market for asbestos flber is currently approxima-
tely 3 million tons; beth Russia and Canada provide appro-
ximately 40% of this market. Much of the rest ccmes from South
Africa and Rhodesia and a few other countries provida insigni-
ficant quantities. The market for asbestos has been growing at
approximately 5% in recent years and this trend is expected to

continue.
20
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Three Jactors are siznificant in the value of ashestos:

1. The generic type of fiber (90% beinsg chrysotile, approxi-
mately 10% crositelite, or blue asbestos)

2. The fiber length (60% are grades 4, 5, and 6, price ave-
raging US$150-200 mer ton and 35% are chorts or waste
srade 7) at avproxinately US$50 per ton).

3. Quality.

Almost 70% of the world asbestos is consumed by the asbestos
cement industry producing board, sheet and pipe. Most of this
material is in the 4 to 6 length grade. The second largest market
is floor tile, in which asbestos waste is mixed with vinyl resins to
produce a resilient flooring material. This market is concentrated
to a very large extent in the Unites States as little floor tile is
produced elsevhere, Asbestos paper and textiles together consume
approximately 10% of the world market and terd to be medimn to long
length fibers and friction materials. Fillers, plastics and mis-
cellaneous products consume the balance generally a very lov

value product.

In genersl, the asbestos cement markets are growing
most rapidly in the developing nations of Africa, South America
and the Far East, while growth in Western Furope and jrorth Anmerica
is relatively slow. The market in South America for ashestos 1is
at least 907 directed toward the asbestos cement products field,

the balance of the market being focused toward the very low value
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filler applications and some specialty expensive fiber used in

textiles and friection materials.

B. BARITE

Barite (BaS(),), a commercial source of barium and barium com-
pounds, occurs in two types of deposits: replacement deposits of
limestore, dolcmite, sandstone and chalk, and residual deposits in
which lumps of barite are enclosed in clays. Occurence of barite
is world-vide, and is available in many countries on every conti-
nent. The output of Peruvian mines is the largest in South Ame-

rice, and Chile and Colombia prcduce small aquantities.

By far the most ccmmon use of barite is as a well drilling
mud. Drilling muds serve several purposes; they lubricate and
cool the bit, plaster the walls of the drill holes to prevent
cave-ins, carry the cuttings of the weld to the surface, and
restrain oil gas and pressure to their formation levels to prevent
blowouts. Crushed barite is used by the steel industry where it
is added to melt floxes to seve fuel and to act as an oxidizer and
decolarizer. Barite is also used as a filler or extender in paints,
inks, rubber and other minerals, but these uses are relatively
minor. Prices of the drilling mud grade, FOB shipping point per
short ton, vary from US$ 12 for the crude grode to Us$ 26 for the

ground grade.

C. BENTONITE
Bentonite is not an exact mineral or & material with a
definite composition, but it is primarily a clayey material which,
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when moistened with water, will scmetimes swell. There are other clayed
materials, though no swelling types, which are classified as ben-
tonites as they are derived frem the ssme base, volcanic ash,
and consist of montmorillonite and/or beidellite. Bentonites are
found in the United States, mainly in YWyoming and California, in

Canada, in many parts of Europe and South Africa, and in Avgentina.

Bentonite is mined commercially usually by the open-pit
method although in a few cases underground mines have been develop-
ed. Deposits, which are often wet and quite sticky, are commonly
air dried when possible to below 10% moisture. Rotary driers
are 8lso used to reduce moisture for shipment. The dried clny is
usually crushed in impact mills and if it is to be used for its
surface active quality as a bleach or absorbent, it is usually

treated with acid.

One of the problems in determining the quality of bentonite
is that chemical analyses cannot normally be used for most com-
mercial applications. Tests are required specifically for each
application. Major uses are diverse: for example, 1t is used as
& bleach for various nils, as an adhesive for pellets in the
iron industry, as a raw material for preparation of oil drilling
muds, as an adhesive for sand moulds in foundries; as a carrier
of insecticides and pesticides, =nd mary other uses. The largest
single consumer is the oil industry which uses bentonite in both
drilling for oil and the treatment of petroleum products. Prices,

FOB mine, are US$10 -US$15 per ton.
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D. CEMENT

Crne of the most widely known and used non-metallic mineral
products in the world today is cement. Cne hundred and seven
countries in the world have at least one prcduction facility,
including 2ll ten of the South American naticns. By far the
greatest use is in the building and construction industry for

the manufacture of concrete and plaster.

Cement is an artificislly prcduced mixture of minerals of
camplicated structure. In the presence of water, these minerals
change to a coloidial prcduct which results in hydrauitic harden-
ing. Portlaid cement, aluminnus cement and slag cement are exam-
ples of hydraulic cement and require lime silicae, alumina and
ferric oxide for their manufacture. Of these, Portlend cement

is by far the most impnrtant.

The properties of Portland cement are based primarily “ipon
the formatinn of tricalcium silicate. Its manufacturing process
requires an intimate mixture of limestone and clay in proper pro-
portions, followed by burning for the stipulated time and at the
correct temperature to produce a quality product. Gypsum is added
and ground with the clinker (burned mixture) for control of the

cement setting time.

In order to have these desirable qualities, cement must
contain the proper percentages of bicalcium and tricalcium alu~

minates with the correct limestone content. It is therefare
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important th#¢ the quarry supplying the limestone has accurately
predictable chemical properties; the same applies to the clay. It
is also important, that the clay and limestone contain low, but
consistent, amounts of sulphur (803),' not exceeding 2.5%. The
alkalis, soda and potash, while quite harmless in small quanti-
ties, limit the setting time of the cerentif present in larger
amounts. Magnesium is also an undesirable material oftsp appear-

ing wit the limestone.

The chemZstry invelved in the production and hydraulic setting
ig complex and accurate definitions of the amounts of the major
constituents are interdependent and, theiefore, difficult to discuss

within the scope ot this report.

Average values of cement in bulk for each is about US$20/ton

CIF to US$ Pacific Ports.

E. CORUNDUM

Corundum is a natural anhydrous aluminum oxide. In its purest
form it includes various gemstones, such as ruby and saphire. Emery,
usually considered in association with corundum, is a mixture of
corundum, mapgnetite and other minerals, Corundum occurs as &
constituenc of various igneous and metamc rphic rocks, including
certain serpentine and crystalline limestone. It also occurs in

alluvial deposits.

Corundum and emery are used as zbrasive components of grinding

wheels and abrasive cloths or for polishing grain; however, their
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use has been virtually supplanted by artificial ahrasives.
World production of approximately 10000 short tons each year has
remained constant and represent only a small portion of the total

natural and artificial abrasive consumption.

F. DOLOMITE

True dolomite is chemically represented by the formula CaMg
@03)2. This is equivalent to 4GP magnesium. In commerce, dolomite
is the generic term used to describe a material which usually
contains dolomite, calcite and magnesite and the magnesium content

of commercial "dolomite" may vary between 10% and 40%.

Dolomite is a material with many uses. When it is located
near highly industrilized markets and when it occurs in large masses
free of fractures and intrusions of deleterious minerals, it is a
useful dimension stone for the construction industry. It canbe used as
a snource of light magnesium metal if merkets are sizable and
production regquirements can be fulfilled. It canbe used tn rake a
magnesite refractory emplcyed in large part by the steel industry.
Magnesium compounds from dolomite are major raw materials used in
the paper, chemical, textile and rubber industries. Dolomite's

major ase, however, is as a concrete or road aggregate.

As a building stone and aggregate, dolomite must be massive
and strong but must not be associated with clay. Most  impor-
tant, it must be located near a local market. Recause of its
general availability and low value the aggregate is not an article

of juternational commerce except in very special areas wvhere high
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volume, low cost materials and moved across the border a few miles.

Recovery and processing methods closely parallel those for

stone described in other sections of this Chapter.

G. FELDSPAR

Feldspar is a term applied to a group of igneous minerals
consisting chiefly of aluminous silicates of potassium, sodium and cal-
cium; ore dbase usually rredomineting. It ray be white, grayish,
yellow or e shade of red(?rom rose 1o brick) or even green oOr
blueish depending on impurities. 1t has a vitreous to pearly
luster and is among the most widely distributed of rock forming
minerals, occuring as a constituent of most rocks. Feldspar
occurs in crystals large enough for selective mining only in dikes
formed where the crystallization from molten magma has been slow,
and quart z and muscovite mica are always associated with feldspar

in these dikes.

The deposits are mined chiefly by open pit methods although
a few mines are underground. Hand cobbing and sorting are employed
at all =mall mines and perhaps some large ones, not only to upgrade
the feldspar but to select high product minerals, such as mica,
vefore crushinz. A second rethod or recovery, and by far the most
common, is the we of floatation to separate the feldspar and other
mincrals for collection. Tke third method is to mix 1t with
silica and to clean the concentrate for subsequent marketing as

atrucbural or pglass sand.
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World productinn has continued to increase at a steady rate,

and now amounts to some 2 million long tons arnually. More than

half of this quantity is consumed in the manufacture of glass,

about one third in pottery, and the remainder in enamel and other
ceramic uses. At one time poultry grit and roofing granules
accounted for 20% of the feldspar consumed, but now nnly minor
quantities zo to these uses. Prices FOB. U.3. donestic mines for
the crude feldspar are approximately Ja49.00 per short ton:

the ground material sells for about US$13.00 per short ton when sold
to merchant mills. Imports to the U.S., CIF port of entry, sell for

as much as U.S.24.00 per short ton.

H. FULLER'S EARTH
These clays are essentially montmorillonite or attapulgite,
the former closely resembling sub-bentonites and tending to he

higher in magnescium.

The clay is mined by open pit methods and then processed
by feeding directly to a crusher as it comes from the mine. The
crushed and screened material is then fed into pugmills, extruded
into spaghetti like rorms, and dried in a rotary dryer. Depending
on the end use, the particles are crushed to the required specifi-
cations. These end uses include various absorbents, insecticides,
fungicides and drilling ruds. Production costs vary from US$10 to
US$15 per short ton, and selling prices FOB the mine are about

US$25 per ton.
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I. GYPSUM

Gypsum is a crystalline form of hydrated calcium sulfate.
Deposits are quite pure in vide areas of the United States and
throughout the world. Tts value depends on its apility to set
into a hard permanent white solid (plaster of paris) in a very
short time. There are five forms:

a) selenite - a transparent colorless form

b) satin spar - a silky fibrous form

¢) alabaster - a white fine grained form

d) rock gypsum - a compact granular form often impure

e) gypsite - an earthy impure soft form

It is usually found with sedimentary rocks, although gypsite

is found in surface beds after evaporation of surface water.

Good commercial deposits occur in many states in the United
States; and in the maritime provinces of Canada, the U.K., France,
and other European countries. Commercial deposits also occur in
Argentina, Brazil, Chile, Colombia, and Peru, and total world

production is about 52 millibn short tons.,

Most domestic gypsum is mined by open pit methods and under-
ground mining is confined to deposits where the increased cost
is compensated for by a higher quality ore, or proximity to the

market.

After recovery, the gypsum is crushed in two stages, the first

employing gyratory or jaw crushers and the second hammer mills or
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or roll crushers. The large quantity of high gypsum available has

discouraged any seriousattempt to beneficiate low grade gypsum ore
by floation or gravity methods. The gypsum is calcined partiy or
completely by dehydration In gypsum kettles, rotary kilnz, or under

steam pressure in autoclaves.

The properties generally desired in calcined gypsum include:
high tensile and compressive strength, hardness, fineness of grain
and uniform setting time. Certain other properties are more essen-
tial for some applications than others. Plasticity is highly essen-
tial in wall plester intended for use with eggregates, but this pro-
perty is not as important when calcite gypsum is used in manufactur-
ing prefabricated products such as wallboard and tile. After calci-
nation, wheel grinding, mixing and blending, the gypsum plaster is
ready for use. Gypsum is used almost entirely to make wallboard,
plaster products in the housing industry and as an additive
in cement production. Small quantities are also used as a chemical
intermediate for color and as a raw material for glass production.
Gypsum board consists of & gypsum plaster core between paper
layers. This prodiuct .is wused . for walls and ceilings and 1is
fastenel directly to wood or metal framing or furring strips: its

use is most evident where wood-framed construction predominates.

Gypsum is a low value item, generally worth from Us$3 to
US$6 per ten as an article of commerce, and like cement, its

marhel In losaly velated to fluctnations in the building construc-

tion field.
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J. KAOLIN AND OTHER CLAYS

Keolin is & mineralozical term referring to a clay in which
the predominant clay mineral is kaolinite. Chira clay is used
synonymously with kaolin. Cormercial kaolins have a nearly white,
dry and fine color and their agrades are determined by intended
uses. An unending variety of other clays exist in the wvorld. A
second major fype that is basically kaolinitic, but usually includes
other clay minerals such as halloysite and illite, occur in great
abundance and are knowm as fire clays or stoneware clays, depending

on usage.

Specifications of clays are based on their uses and practi-
cally any earth or soil material that can meet these specifications
can be used in the manufacture of a wide variety of products. For
use in ceramic wares, the important properties are elasticity,
fire color, dry and fired strength, dryins and firing shrinkage,
and vitrification range. for refractory uses, the most sisgnificant
single property is the pyrometric Cone Equivalent (ruw) whicn is
determined by comparing the softening behavior of a clay sample
subjected to a standard time-temperature schedule with that of
standard tones. Clays having a PCE of 33 (3160°F at 270°F heating
rate per hour) or higher are used for manufacturing super refrac-

tories; those with a PCE of 31 (3061 °F)for high duty refractories,

and those of a PTE of 30 (3029°F) for low duty refractories.

Serviceable refractories for some purposes can be made from

clays having a PCE as low as 15 (2606°F). Clay used for manufac-
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turing cement is selected to compensate for deficiencies in chemical
compositior, such as silica, irmn ovide and elumina, otherwise not
present in the available limestone or cement rock. TFor filler

clay and paper coating clays, emphasis is on fineness of grain

and whiteness of dry, unfired clay; for insecticide carriers, high

gbsorbency is important.

Geologically, clay 1s of two general types - residual and
transported:; but in all intances, clay is of second origin, having
peen formed by the alteration of other rocks. Clays may be found
in a variety of forms - as 8 soft paste, soft solid, or as laminat-
ed rock. They may occur at or near the surface or at relatively
great depth. The kaclintic clays of commerce are developed largely
from feldspatic rocks, and their compositon is usually & result of

weathering.

Most clays are mined by open pit methods and laolin may be
marketed after crushing and screening or after separation. The
coating clays differ essentially from most rfiller clays in grain
size and additional bleaching is usually reguired. The filler
and coater propertions of the clay are separated by classification
sizing, the very fine being coater, the coarser being filler.

Fire clay and other miscellaneous clays follow the same processing,

but generally go throusgh secondary crushinz  and screening as well,

Kaolin is widely available in many countries in the world,
inelnding Armeutina, Chile, Colombia, and, to a far lesser extent

in mgnador and Peru. World product on is approximately 12 millon
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short tons annmnally. The greatect single consumpiion of raolin is

]

in paper filling and coatinm usces. Minor uses include rubber
fillers and the manufacture of refractory brick and blocks. Fire clay

is used primarily in heavy clay preducts and refractories.

Kaolin that is sold by producers averases Us$e5 per ehort ton,
FOB mine: that used by producers in direct mamfacture of products
is valued at an averare of about US$10 per ton. Fire clays and
stonevare clays average US$3.75 per ton and US$6.00 per ton res-

pectively.

K. LIME, CALCIUM, AD DOLOMITE

The calcination of limestone, marble, chalk and dolomite at
moderately high temperatures releases carbon dioxide gas and
leaves behind a solid residue of quicklime., Addition of vater to
this quicklime causes rapid hydration to cgplcium dioxide or hydrated
lime. The general term "lime"” is often wisconstrued to include
materials other than the rxides and hydro<ides of caleium and magne-
sium and is applied without discrimination to liwvestone, chell and
gypsua, In industry, the ferm is used to denote calcium carbonate,
caleium sucrate, and calcium accetate. "Hydraulic lime" is produced
by caleination of liwestone containing enonch aluninous and sili-
ceous material, such as clay minerals, ‘o {orin a cubstance that
will slake and set or * wrden under wnter,  “Hydranlic lirestone”
contains an amount of silica and alumina so that a hydraulic lime
will be produced on calcining. TDoiomite, calcined at a high

temperature with the addition of a stabilizing agent such as iron
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oxide, or mill scale, becomes relatively inert to the action of

atmospheric moisture and carbon dioxide and is known as "dead-

burned dolomite”.

Calcium is the fifth most abundant element in the earth's crust
and accounts for 3.49, of it. Although calcium is much too unstable
to occur naturally, its compounds are very common in nature. It
occurs as carbonates (limestones, marble, quartz) sulfates ( zypsum),

phosphate, fluoride and in many silicate minerals.

Limestone and dolorite used in manufacturing lime are obtained
in open pits and urd=roround mines with techniques similar to those
described in the section an stone. The calcining of limestone is ge-
nerally done in shaft and rotary kilns in the U.%., althocuzh ver-
tical kilns are responsible for most lime manufactured in other

countries.

Quicklime and hydrated lime, including deadburned dolomite,
are produced in many countries of the world, but total quantities
have remained relatively constant. Althoush uses are many and
varied, metallurgsical uses (such agz for steel slags) predominate.
Chemical and other industrial uses include alkalis, cal~ium carbide,
sewage, and wacie treatment, water softenine and treatment, and
pulp and paper wmanuracturing. Deadburned dolomite is essentially
a refractory lime. Prices vary by end-use and by reographic
ares, and while averase values FOB wlant are approximately usgle -

US$ 15 per ton, a delivered price can be ashigh as Us$60.
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L. MAGNESITE

Magnesite is a magnesium carbonate which ecrystallizes in a
triogonal system. Crude magnesite ores vary from 389 to 47%
magnesia (Mg0), the product of calcination or thermwal decompo-
sition of several marnesium minerals and cowmponnds, inecluding
dolomite (227 Me0). ed magpesite ore also contain as much

as 7% silica, 2% to 7% alumina, 2% to 7% iron oxide, and vavying

amounts of lime,

Magnesite is found in bedded deposits, as deposits in veins
and pockets, and as replacement bodies in limestone and dolomite.
Recovery is generally by open pit quarrying techniques, and while
underground mining is used, this method is often unattractive
because of the hiszh cost associated with it. Following the mining,
the magnesite is often carefully collected and sorted befcre being
crushed to 5-inch size and carried by belt coveyors to storage
piles. In the making of refractory products, this ore is
conveyed to cone crushers, which reduce the size to that required
and the meterial is screened and washed. The ground discharge is con-
Teyed to flotation celin where impurities are removed before
calcining at ternperatvres below 1650°F to produce caustic calcined
magnesium. Refractory wagnesium is produced {rom crude magnesite
by calcining the ore in rotary kilns at temperatures ranging from
2640°F to 3200°F. Vhen magnesite is calcined, the impurities are
driven off and the MgO magnesia content of the resulting product

approximately doubles in percentage. The best balance in impurities
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is that which has the highest melting point, which occurs when
the ratio of Ca0 to Si0p if 1.86 to 1 and this is required by
purchasers of bricks. In general, approximately 1 ton of magnesite

is recovered frcm every 3 to 4 tons of ore.

Magnesium compounds are principally used as refractory mag-
nesia and the caustic calcined magnesia is used in pulp and paper
manufacture, chemical processing and insulation, as well as a wide

variety of other flux and ceramic uses.

The steel industry at present requires two qualities of re-
fractory bricks, one for the BOF process, and the other for the
open hearth system. The latter process is reducing in popularity,
however, and the BOF process has more stringent requirements for

refractory brick and a lesser demand per ton for steel produced.

World prcduction of crude magnesite has remained fairly steady
at 11 million short tons each year with much of the production
coming frem Cemmunist countries. Colcmbia prcduces small amounts
and Brazil about 120,000 tons each year. The increase in produc-
tion of magresia frem sea water continues to exert competitive
pressure on producers of megnesite. It is estimated that some
12 locations in eight different courtries derive about 1 million
short tons of magnecium (equivalent to 4 million short tons of
magnesite) each year frcm this source. Prices of refractory magne-
sium, sold or used by prcducers in the U.5. is about Us$67 a ton,

while that of caustic magnesia is over US$S0 per torm.
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M. MICA

Mica is a group neme spplied to many minerals that have certain
physical and chemical characteristics, and are characterized by
excellent basal clearage that facilitates splitting into thin, tough,

flexible, elastic sheets.

There are two groups: those used for physical properties, in-
cluding muscovite, phlogopite biotite, and sericite, and those
valued for their chemical eronteut, which include lepidolite,

zinnwaldite (lithium source) roscoelite (vanadium gource).

Comrercially, muscovite and phlozopite are the most important.
Muscovite is recovered from pegmatites and phlogopite from pyroxe-
nites. Poitite mica is less important because of a high iron
content that makes it less valuable, especially for electronic

and electrical uses.

Mica is exploited by sinking shafts and digging test pits to
determine the mica content and the size and quality of the sheets.
Trenching and stripping, usually by bulldozer or similar mechanical
equipment is used to cutline the deposit. Cheet mica mines can he
overated successfully on a small scale. Open pit mines are sucess-
ful in relatively flat country and small underground mines can be
successfully operated if care is taken to avoid drilling through

good mica crystals.

Because mica is primarily sold ; sheet form only a few pounds

can be produced per day in a small mine and hand lahor is normally
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used in preparing mica for market. Consumption of sheet mlca con-

sisting of block, film and splittings 1s decreasing on a worldwide
basis mainly due to a reduced requirement for electronic capacitors

and tubes. Consumption of ground mica, used in roofing, paint,

joints and nuts, and rubber manufacture continues to increase,

however. Prices vary from US$hbh to US$A6 per metric ton foradry grand
mica used in roofing, to US$200 per metric ton wet fbr ground mica consnmed
in paint manufacture, to approximately US$550 per metric ton for

sheet mica.

N. OCHERS

Ochers are natural earth pigments which are usuvally asso-
ciated with clays. Their colors vary from yellow through red and
brown, and their use as an ingredient of peint manufacturing was
once si-<espread. However, these ochers are relatively inferior
to the manufactured metallic pigments in strength, hiding pover,
fineness and texture, they are harder to grind and their large ave-
rage particle size makes them unsuitable in glossy finishes.

Their commercial. importance has thus reduced considerahly.

Ocher is most often mined by opencut methods: the pockety
character of the ore and the uncertain market for the product
do not juctify elaborate equipment. The ocher is then washed,

dehydrated and pulverirzed into powder for packing.

0. QUARTZ
gilica is one of the most abundant minerals in the earth's

crust. The types and varieties of quartz range from worthless
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deposits of sand in various deserts around the world, to the very

rare high purity quartzite crystals used in electronics.

The major deposits of silica occur as sand and gravel, smnd-
stone and quartzite, and have found a low-valu use as a baric
concrete and road material. High silica quartz, capable of being
used as a glass-making raw material should contain more than 99.0%
$i05 and less than 0.3% Alg05 and less than 0.05. iron and tita-
nium. Ilowever, raw sand containing about 95% 5100 2.5% A1203; 1.5%
K20 and 1Tag0; 0.5% Ca0 and MgO; and 0.4% Fe203, has been utilized.
This material, when used to meke glass, alters the viscosity of the
glass melt at the swiorking temperature and therefore effects the

production rate and the glass quality,

Sand and gravel quartz deposits are excavated with an assort-
ment of equipment: power shovels, bulldozers, front end leaders,
drag lines and many others and are often used in combination.,
Processing is usually limited to screening the material, separat-
ing the fine from the coarse minerals, followed by crushing of
the larger aggregate to prespecified sizes. Washing is frequent-
ly required to frec the sand and gravel from clay deposits, espe-
cially if the minerals are used in construction. Prices for
construction uses generally average US$ 1.00 per ton, while in-
dustrial uses such as filtration, molding, and glass manufacture

are valued at over US$ 3.00 per ton at the quarry.
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P. REALGAR

Realgar is an arsenic sulfide, and normally contains about 70%
arsenic, and usually found with lead, silver, gold and tin sulfides,
where it is an undesirable impurity. The arsenic sulfide market
is small and is decreasing as base metal (copper, lead, zinc, etec.)
refining facilities produce far more arsenic as sulfides than can
be absorbed in the world market. The stage has heen reached where
the disposal of arsenic is a serious economiec prohlem, and it is

not now an article of commerce,

Q. CRUSHED AND RROKEN STONE

Crushed and broken stone, a basic construction, chemical, and
metallurgical raw material, is a major commodity in the world in
both tonnege and value. Although it is often similar in geolo-
gical form to the dimension stone, the term "crushed stone"” is
applied to irregular fragments of various rocks that are crushed
or ground to smaller sizes after quarrying. As before, the major

rocks are granite, quartzite and limestone.

Accelerated highway and industrial construction in many parts
of the world are major factors in the increasing demand for crushed
and broken stone. By far the greatestbulk of stone production
goes into road and building construction: the remainder is used in
cement manufacture and for various chemical and agricultural pur-
poses. This essentially low-value commodity closely parallels

trends in such basic economic indicateys as gross national product,
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value of construction, and population. Its low value (generally
less than US$5.00/ton) has also restricted its tranportability,
and *rancpertation costs are a major value in the economics of

the industry, often making up more than 2/3 of the delivered price
for construction uses. Good quality, finely-ground minerals are
relatively valuable and may range upto US$§100/ton for lou-volume

speciality markets.

A variety of mining and gquarrying methods utilizing all types
of equipment, both stationary and portable are employed. Though
surface quarries can be operated at lower costs than underground
mines, conditiorsdo not always permit their development. In both
quarries and mines, however, a similar series of operation is
necessary. After stripping the overburden, or driving underground
entries, holes are drilled for explosives to blast the stone loose
and the recovered mineral is then loaded into trucks and cars.
These convey the material to the crushers, which process the
rock into the desired f'ineness and product size required by the

various industries.

R. DIMENSION OF BUILDING STONE

Dirension stone is a term applied to stone sold in blocks or
slabs of specified chapes and usually of specified sizes, contrast-
ed with crushed or hroken stone covered in another section. Dimen-
sion stones are of many tioes. The principal varieties are granite,

trap tuck siueh as basnlt, sandstone, slate, limestone, and marble.
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a) Marble, a metumorpnic rock, is composed ensentially of
calcite, dolomite, or a combination of the two, but may

also include serpentines, ornyx, and travertines.

b) Granites are essentially fine to coarse-grained rocks of
igneous origin tuartz and feldspar are the major com-

ponents, and micas and olovine are accesory minerals.

¢) Limestone, which has a more common commercial use as a
crushed stone, is a sedimenta-y rock compoused of caleimm

carbonate.

d) Sandstone is composed of quartz prains, cementdd with

calcium carbonate, cxide, clay and other minerals.

e) Basalt is a fine grained, dark colored rock resulting

from intense volcanic activity.

f) Slate is an arpgillaceous rock of sedimentary origin that
has the common property of splitting readily into thin

plates.

These dimension stones are used for external or interior parts
of buildings, foundations, curbing, paving, bridges, and for other
architectural and enpincering purposes. The desirable properties
of dimension stone, in additon to those relating to workability
and the tests that measure it, depend on the use of the stone.

For interior use, desirable properties incude attractive color and
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texture as well as reasonable sirenght and resiziance to abrasion
and cleaning sclutions. Exterior building stones and those used
for highway construction may be less attractive in collor to those
uscd for interior trim, but must have greater resistence to daily
and seasonal changes in temperature, freezing, and artificial

contaminants.

Limestone and basalt are widely distributed throughout the
world, and due to their relatively high weight, bulkiness, and
handling difficulties are not transported long distances. Certain
marbles and granites that satisfy special architectural demands
find specialized markets in many parts of the world, but require
skilled craftsmen to cut and dress the blocks. Because of increased
competition due to a wide variety of lower price substitutes, markets
for most uses of slate have been decreasing for many years.

Prices vary with the type of stone and its use. Granite ranges
frem US$ 1.00 per cubic foot rough cut for construction use, to about
US$ 20.00 per cubic foot for a dressed stone for monumental use. Mar-
ble has a similar range, while limistone, sandstone and quartzite are gene
rally much lower in value and frequently less than US$ 5.00 per cubic
foot at the quarry.

The stone is mined mainly in open pit operations though the under-
ground method 1s used as well. Vhile blasting methods are used, care
must be taken to minimize bresking of the blocks. Primary cuts are

sometimes made, and wire saws have been used with success-
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in large operations. Phatever method is used, it is slow, but the
primary concern is to achieve the maximum yield in terms of block-
size for commercial use. The hlocks are then lifted out of the
quarry by large powerful derricks and trimmed beTore being sent to
the mill for sawing into slabs. Recause these operations require
larme equiprent, the capital requiremenits in terms of derricks,
cranes, wire saws and the like are high, and skilled, highly paid

technicians are indispensable to the operation.

S. TALC (SOAPSTONE OR PYROPHYLLITE)

Tale 1s a hydrous masnesium syllicate, but often contains
impurities of quartz, calcite, iron oxides, and other minerals.
It is a very soft, masive agarezate, often greeny-gray or white in
color and sometimes platey like mica, or fibrous like asbestos.
Commercial talc deposits are of two classes, those derived from, or
associated with ultra basic igneous rocks, and those derived from
sedimentary magnesium carbonate rocks. Although there is a consi-
derable variation in each class, talc associated with the latter

type tends to bhe whiter and purer.

Its occurence is widespread in nature, and most industrial--
jized nations produce sufficient quantities to satisfy their requi-
rements. However, the physical and chemical properties of talc
vary with its genesis and its uses often depend upon specific
properties, Talc from different deposits are not always inter-
changeable in industrial applications. Few, if any, minerals

surpass tale in its multiplicity of uses. The ceramics, paint,
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rubber, insecticide, roofing and vaper industries consume the
majority of world production; the remainder is often used in
the minor markets such as in toilet preparations, in crayomns,

and in decorative sculptured figures.

Total world production has shown a steady increase from 3.9
million short tons in 19Gh4 to 4.7 million short tons in 1968.
Japan produces 1/3 o this total and the U.S. approximately 20%,
at least 37 other ccuntries in the world, including Argentina,
Chile, Colombia and reru, mine the mineral. Because of its gene-
ral availability, it is not a major factor in world trade. French
and Italian tales, however, find a world Imarket for cosmetic pre-
paration because of their saperior quality. U.S. prices for talc

are in the range of US$ 2,00 -~ UsH 5.00 per short ton.

Tale is mined either by the open pit or by the underground
method. There is very little mechanization of talc mines and
use of eyplosives is kept to a minimum because of the relatively
higher value of the larger block. In a succcssfully operated

mine, recovery of talc will range from 40% to 65%.

T. GILASS MAKING RAW MATIRIALS

Although the pglass making materials available in many deve-
loping countries often do not have the desired amount of various
constituents, there are usually alternste solutions using indigenous

raw materials.
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The typical composition of flat glass is:

\

Silica (7 .,

1
Lime and Magnesia (Ca0 and Mg0O) 12 to 149
ST g -’:h,: Y 13 to 14%
Iron (Fe203) less than 9.1%
Alumina (A1203) less than 1.5%
Sulfur (as 903) less than 0.5%

High auality sheet nlass products shculd contain less than
0.1 F‘e203 and 1.5% AlPO3' Exrceeding these concentrations should

not eliminate producticn, the sclution ic Lo produce &

lower quality glass at romewhat limited production rates,

In developing countries there iz most often a problem in
controlling the ireon and alwiina content. Iron content often runs
over 19 but this czn be acceptable even thourh a more greenish
colored glass wili result., Alumina often runs fror 2 to 3% and
this adversely at@acts tre viscosity of the melt limiting the
rate at which rheet rlass can be pulled. Usually in the early
stages in developing a slass industry, these two problems are accep-
table and often even unrecosni’able. Tater, increased competition
and greater social awereness of glass aualiby will demand more
technical sophistication and lswer production eocts. Ve believe,
therefore, that while low iren, low alumina sand and other plass
formins eomponents are irportant, the irrediate need for a glass
inductry ecan be juztified rerardiess of the rigid raw material

requirerents dernanded of glass products acceptable in vorld
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trade. These will nececssarily come later.

Specifically, a flat glass plant requires:
£ilica sand
Limestone
Dolomite (or dolomitic limestone)
Feldsrar

Soda Ach

Salt cake and other minor constitnents such as charcoal and
arsenous acid are alsn required but in small enongh guantities
that they can be irported. The raw materials should be pure, low
in iron and orcanics and metallic components, should be fine,

granular, nct wet or dusty and should be free [loving.

All flat glass processes rrart with a large tank of melted
glass constituents, Pecause ol the cost of melting the glass and
supplying enersy to keep it melted in the tank, the glasc-making
procecs mmst e continons for a nurher of nonthe: focilities must
be usged continually to justify initial investment and to avoid

equipment, damase, The rolten glass in the tank is then formed

[N

nto sheet iaco by three types of process: a) by drawing the

lass vertically from the tarld -~ much like candy -- and, through

4]

a

a reries of rollers.Ith cooled in the drawvn form, cut and packed.
fystems available are {nirly limited to the iPirecaull process
or the more expensive and more volume sensitive Pittcbursh process;

b) taking molten glass and rolling it throusgh a number of shaped
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rollers to produce what is called rolled glass. These rollers can
be shaped to provide contours in the glass or wire mesh can be
imbedded in the rolled glass. This process is approoriate for
speciality or decorative jlasses but ic not appropriate for high-
volume window glass: c) by the recently developed float Frlass
process in which the formed glass is floated on liquid tin until

it hardens. The nlass from this process is extremely flat and

of high quality -- in fact too high a aquality for most of the Roli-
vian or Andean marke:. Furthermore, the [loat glass process is
extremely cxpensive -- at least a U420 willion investment requirved,
and reauires a minimum volume of 250 tens per day.Licénses are very

difficult to obtain from the developers in the United Kingdom.

A minimum sized flat glass plant would use one furnace and
one draving machine initially because of the low sales requirement.
The Forcaul® process is the system with minimum capital investment
and leact volume censitivity. Tuch a total plant weuld cost
from Y505 ° millicn plus A 107% contingency for additional
Treisht from the ports to the facility and higher charge for field

envineering because of the coats to Bolivia.

U. CERAMICS

1., Raw Materials

Ceramic raw materials are usually classified into clay and
non-e~lay materials. (lay naterials are those fine materials usual-

ly smaller than two microns and having certain specific plasticity
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quasitiecs when wetted with water; they can also include aimost all
types of common soil. Specific clay types will vary fram location
tn location, not so much by mineralopical definiticn but by appli-
cation. For example, pottery clay in North Africa would not neces-
sarily be regarded as such elsewhere. The application often deter-

mines the material classification.

Nen-cley ceramic raw materials include:

Feldspar;

Silices, gquartz, flints, tripoli ganister, diatcmite;
Nepheline syeni*e, an aluminum silicate rock containing scdium

and potassium (usually with soda and potash feldspars);
Mapriecite;

Dolcmite - the mixture of calcium and magnesium carbonate
usually about one tn one ratio;

Gypsum - calcium sulfate;

Chremite - 2 spinal having the formula FeCroOy

Aluminate silicates - mony species;

Pyrophyllite - a platy, mica-like, hydrated aluminum silicate
and many others such as tale, mica, graphite, and lithium

minerals.
2. Precducts

The extent of the ceromic industry is difficult to determine
because of the very muy products, including those not normally
congidered ceramics. [or example, products of the ceramics indus-
try sheculd include:

Glass (flat, container, pressed and fiber).
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Glass (flat, container, pressed and fiber)
Cemant (hydraulic -Portland)

Lime Products

Gypsum  Fr oducts

Carbon and Graphite products

Refractory - of clay and no* clay products
Vitreous enamels

Whitewares (floor and wall tile) structural tile pipe,
Porcelain products, pottery)

Abrasives (arain coated and bonded products)
Brick
Structural Clay Pipe

Ceramic milnerals

However, many of these product groups are normally considered
as independen® industries in their own right and not included with
Ceramics below. Ve describe briefly the following most commonly
regarded groups of ceramic products: 1) Refractories; 2) Tile; 3)
Pottery or Stoneware; 4) Senitary Vare; 5) Fiectrical Ceramic

Products.

1. Refractories

Refractories which are heat-resisting non-metallic raw ma-
terials used in steelmaking, are frequently magnesite or native
magnesium carhonate. The only Jarge deposits of high quality
magnesite in the free world today are in India and in Greece: their
distance from the world's steel industry has slowed their exploita-
tion. These uare low in silica (under 6 or 8%) and low in iron
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(under 0.5%). Austrian magnesite is a rich deposit but contains
large quantities (4-8%) of iron. The Chapare magnesite of Boli-
via is relatively low in iron (under 1.0%) but in its present
state of development contains over 10% eilica. Reports have
indicated that this can be reduced to about 6% (which is an accep-
table amount), by physical beneficiation methods: however, until
extensive testshave been carried out using flotation or electros-
tatic techniaues, the true value of Chapare magnesite relative to

world requirements cannot be determined.

Magnesite for refractory use must be fired at high tempera-
tures (above 3.000°F) in order to realive its intrinsic value as &
high quality, high value refractory material. The use of five
magnesite has become increasingly important as the Rasic Oxygen
Furnace (B.O.F.)becomes increasingly important in steel production.
Magnesite is the predominant refractory used in the B.O.F. and
currently in the U.5. steel industry between 4 and 8 pounds of
magnesia refractories are consumed per ton of steel produced.

These refractories vary in quality ard price greatly, however.

For example, about one-third of this refractory consumption in-
volves a product containing only 60% MgO which sells for about
US$170/ton; 209 of the product is pitch-impregnated high purity
magnesite, selling at over UZ$300 per ton. The criteria for selec-
tion of a refractory is quality, cons?,tency in produ:tion and in

composition, and, most important the operator's experience of its

chemical corpatibility with +the adjacent rerractory in the furnace.
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2. Tiles

Tiles are used throughout the world as a high quality covering
for walls and floors, and while for different types of tiles there
are come slight differences in raw materials and in firing they can

be considered as one product.

The raw materials used in floor tiles are feldspar (50-60%)
and kaolin (10-40%),with the repainder consisting of ball clay,
china clay and talc. However, compositions are largely dependeut

upon locally available clay or earth materials.:

The quality of raw materials and ultimate fire color of the
body are relatively unimportant with wall tile. Wall tile rarely
contains more than 10% feldspar and many compositions omit feldspar.
These tilsiusually contain considerable frit (from 20.50%) as well
as varying percentages of flint clay (0-35%): kaolin (0-30%) ball
clay (20-40%) and talc (0-70%). They are fired to lower cone tem-
peratures. With the exception of the glazing material for the
surface (and whiting or coloring) these tiles often utilize locally
available clays and materials such as talc, pyrophyllite and wollas-
tonite.

Modern processing techniques weigh, blunge and spray dry
the mix, producing tiny spheres that have adequate water content
and acceptable flowebility. This material is fed to a mould and
the 4ile pressed automatically; currently, auvtomatic screw type
presses can produce from 100 to 200 tiles a minute. Well prepared
feed and effectively designed feeders allow production of tiles

of uniform density.
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Tile is removed from the die by hand, and dresses (fettled)
and dried. The tiles are then sprayed with a glaze and fired
before inspection and packing. Inspection is an extremely import-
ant part of the production procedures and is obviously labor in-
tensive. Tt is carried out on both a color and quality basis and
emphasis on it is often the basisfor success for many of the Furo-

pean operations.

3. Pottery or Stoneware

Pottery or stoneware is made from different types of rlay than
those used as the base for whitewares or refractories. The better
grades of pottery are made from serirefractory grades or clay that,
when burned, is quite dense and usually not white. The clays are
chosen on the base of plastic properties, high green strength and
Lol the e £ enalean mi Ll s wov et LS - -"rite
the raw materials in this product but rather mineralogical analyses.
These pottery clays usually are mixtures of naturally occurring

earthy vr clayey materials and contain feldspar, mica, quartc and

iron oxides.

The products made from these mixtures are shaped by machine or
by hand, are dried in tunnel or conveyor type dryers, and usually
are then double fired. The first firing is at about 900°C to 1,000°C
in a pericdic or tunnel kiln. The ware is cooled, decorated and/or
glazed, dried, and again fired at about 1950-1300°C. However, por-
Anction techniques vary considerably and often they are carried out

in small f-mily opcratinus nsing indigenous materials for the
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underbudy, which is shaped by hand. Glazes are purchased and also

hand applied: firing is usually carried out in small heehive or

periodic kilns.

b vitreous Zlumbing

The production of these products differs considerably from the
more usunal processes previously described, and also from other pro-
cesses employed in earthenware manufacture. The reason is the large
size of the finished product. Raw materials required include plas-
tie clay, kaolin, finely ground quartz, spodumene, (a fine ground
nepheline), syenite, negmatite or feldspar. Other materials requir-
ed are tennin, sodium carbonate, sodium silicate. These latter
minerals are used to control the workability of the slip or green
clay shapes and obvioucly this is a very critical -point when pro-
ducing large, heavy products. Tne raw material for the glaze is
most critical and requires high purity minerals since errors in

formulation can cause large financial losses if products are re-

jected because of their quality.

Production was labor intensive when the shapes were molded
entirely by hand, usinz plaster of paris molds. These shapes are
now predominantly made by highly mechanized production methods in
factories throughout the world. In an average-sized plant, between
200 and 300 pieces per chift are produced, or about 50,000 to
150,000 pieces per year. The large sire of the ware requires large

equipment, and necessitates a high investment,
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The labor component for an eff{icient automated nlant is gene.
rally low, while the raw material and cperating supplies cost com-

ponents are high.

5. Electrical Ceramic Products
There are four major types of these products:

a) Tteatite, which uses tale, clay, barium carbonate and
caloium carbonate:

b) Forcelain, using kaolinite, quartz and barium carbonatc;

¢) Ultra-torcelain or mullite, using alumina, elay, bavium
carbonave and high purity quavtz:

d) Corundum, using alumina with some fusible additives.

The porcelain ceramic products are among the largest and most

important of these groups.

Ceramics used for electrical irsulation must exhibit certain
specific properties inecluding high mechanical and electrical
strength. The raw material mix must be molded into various intri-
cate shapes and specificationc are particularly risid, especially
resarding impurities, and manufacturers invariably purchase the
purest materials available. Individual specifications for each
mix are proprietary; however, typical mixes for production of in-
culators include: 20-26% feldspar, 38-17% kaolinite, and 22-40%

silica. The quality of the feldspar is carefully confrolled and

kaolinite is often ouite pure.
4 P

The productinn line is similar to the production of struc-

tural elay products. The mix is carefully measured, mixed, drained

)
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and vacuum extruded. Clay blanks are shaped by various types of
presces, depending on the shape reauired, and then are dried and
aged. The form is then dressed, cleaned and the glazing applied.
Finally, they are fired either in tunnel or in periodic kilns,

cooled, tested, and packed for shipment.

The insulators produced must be quite dense and nonporous and
must meet rigid mechanical and dimensional tolerances. There is
considerable skill required in producing insulators, as well as in
design of the mix, and therefore, raw materials are accepted for
use only after extensive testing procedures have been carried out.
Investment in equipment is high because of the density requirements
and rigid dimensional tolerances of the products. The equipment is

heavy and production rates low.
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IIT RESOURCES

A. INTRODUCTION

In the nommetallic minerals area, resource availability is
of prime importance in determining the feasibility of manufactur-
ing, cpportunities. 1In understanding resource availability in a

country cuch as Wwlivia, one must realize that it is imponscible tno
estimate the exact extent of non-metnllie mineral resmuvces, given
the current state of exploratinn. [t is possible that as Bolivia
becomec more fully ezplored new depesits of these minerals in
larger auantities and of higher auality will be found In the
discussion that follows, we have summarized general opinions ahout
minersl availebility baced on investigations by many differing

groups with differing vested interests. Txpl-ration is continually
being undertasen by the government, by international sgencies, and
by various existing or potential industries in the country: there-
fore, the knowledpre about available mineral resources will improve
as time gces by. Ye mist base our present conclusions on what is
knovm todey but irn should be pointed out that this mey change

time.

Tn the description of the vearicus minerals vhich follows and
in subsequent chapters, we have, where possible, pointed out the
commer~ial p-osibiliries of certain minerals whether or not they
are known to bhe available. Tf certain minerals have margir-
al tn roor potential, we so state, z0o that further exploration

for these minerals will be aveided. For other minerals, where



information on availability is scant but encouraging, we have
specifically recommended further investigation to locate or

aquality more fully the existing kn~wledge.

It should be ypointed out further, that many nonmetallic
minerals ore high in bulk but 1ow in value. Thus, because of
the exigencies ~T transportation, the ultimate feasibility of
ventures based on tiece minerals will depend not so much on the
availability o7 the mineral as such, but rather on its lecaticon
relative to the morkets. For ~ther uonmetallie mincrals the
potential in world markets will be a function of the quality of
the mireral, the emant andlprowortiﬁn of the imrurities, and the
extent of beneficintinon necessary. rezent mineralogical data in
many caces identfies the presence of minerals but rarely gives
detailed, scicntific data on its condition, with regard o impuri-
ties, grain structure and the like. Apain, where opportunities
seem possible, we point out the kind of informaticn necessary be-

fore the commercisl prospects of thic mineral be evaluated.

In the section bclow, we shall discuss the principal non-
metallic minerals previously identified by the government for
evalustion. On the basis of our enalysis, we have classified
these minerals inteo three groups which will be discussed se-

guentinlly acrording fo the following breakdown:



STRONG FROMISE
Asbestos
Gypsum

FKanlin
Limestone

Mapgnesite

MEDTUM PROMISE
Rarite

Bassalt
Bentonite
Feldspar

Ccher

Quartz

SMALL PRCMISE
Corondum

Cholk
Liatcmite
liclomite
Fuller's Farth
Granite

[tarble

l'ica

Realgar

Talc



These ratings are based upon the known availability and
quality of 2slivian non-metallic mineral recscrves: very little
consideration was given at 1his time “o ccmmercialization poc-
sibilitiec. ..ecouse of the imperfect state of precent information
it is important that these classificaticns be considered in

context of the sbeovre comments.

B. NON-METALLTC M1 RALS RFPRESENTIMNG STROHG INTEREST

1. Asbecstos

The orient-1 rortion of the Cordillera de Cochabamba, in

the uvper Chapare, consists »f Grdovician sediments, except in
regions of large senle faulting, where some sedimentc of probable
Cambrian age outcrop. £ sequence of ccmpact anhydrite, dark
shales and calcareous siltstones is knowhas Limbo Formation and
is unigue to the South fmerican Cordillera. /fceording to
Schneider-Ccherbina, the shales were subjected to very intense
dynamic metsmorphism, resulting in the formetion of Adeposits of
asbectnc, which are limited in ccenrrvence to the dark rheles and
quartzites, sabjacent to conglemerates, The dark shaleg near
Limbo werc transformed to crocidclite by metacscomatism., The fibr-

ous etocidolite fills figcsures and forms stockworks,

The Filadelfis Xire ncar the mouth ~f the Cristalmayu River,
where it joinc the i.»iritu Sonto River, is the most Imporiant de-
posit in the repi~n. Tle crocidoalite heve has leas iron and more
magnesium than comparsable African onre. The Gan Francicco #ine at
Cristalmayn and the Mirca Martha Mine at linasmeyu are other small

enterprises that have operated in the upper Thapare region, where

magresite has nlzo been mined.

o
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Some asbestos production has been exjorted to RBrazil and also to
Argentina. Reserves have been ectimated at 20,000 tons, Geobol

has made recent studics {or the Corporacidn Joliviana de Fomento

and claims the feasibility of yrroducing about 500 tons per month,

The most important unresolved question jertains to the quali-
ty of the fiber. The quality of asbestos fiber is a function of
its cleanlinress, openness and grading for homogeneity. Cleanli-
necsrefers "> *the degree to vhirh asbestos fibers contain ex-
traneous materials such as iron, other mineral impurities or
asbrstos dust: opennesc is the smount of separation between the
fibers: and grading 1o a meacure of the hemogeneity of the goup.

Vle nave received econfiicting ccmments about the quality of Bolivian
achestos which must be resclved before the economic feasibility

of ashestons products  cen be determined.

2. Gypsum

Most of the gysum deposits in Bolivia were formed by the eva-
poration of lakes during the (retace-us, Tertiary and Quaternary
periods. The most important gypsum horizon is related to the clay-

marls at the base of the Pura formution, according to Ahfeld.

In Fntre kiosz, Department of Tarija, gypsum occurs with salt
deposits. The gypsum deposits of Creoma and Sicays, near Capino-
ta, in the Devartmenr. of Cochabamba, have a length of 30 kms. and
a width of scme 00 meters. Tt 1s clalmed that this deposit has

ennrmnus reserves.



The deposit of La Union extends to the southeast from Millu-
ni to Huancapampa near Palcas in the Nepartiment of La Paz. This

depncit belonges to the company Estunuera Bedova,
(=] a3 ¢ 0

The CHuquichambi formation described by Henry Mayer is locat-
ed in the Province of Zarangas, Department of Oruro. A white
gypsum bed located in ithe axial zone of an anticline borders the
oriental portion of the Huaillamareca ridges, cxtending from the
town of Corque 1o the town of Huaillsamarca. The constitnents of
this gypsum lutite are ¢0.L4% calcium sulvhate, CaSol, 6.96%
cal~ium carbonate, CaCn3, 0.50% magnezium carbonate, MgCo3, and
9,177 common salt, HaCl. The gypsum contains socme impurities.

The ‘eposits are chemical sediments, This same formation is found

at Chacarilla, South of Corocoro, in the Department of La Paz.

Geonlogist Salomon Rivas has studied the Horthern region of
Lake Titicaca and has estsblished the presence of thick layers of
gypsum near the top of the Fermian sediments, which are responsible

for the tectoniecs of the region.

The following are the vest-known companies producing gypsum:
. Estuquera Redoya S.A.
. Estuqueria y Calera Ltda.

. Estuqueria Milluni

.3« Kaolin

An outerop of Archean rocks composed of argilleous sediments

of Cretacenus age is 1ncated outside the town of Concepcidn in the
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San Agustin area near some isclated northwest-southzast ridges at
a height of about 600 meters. The region is covered by vegetation
and is accessible frem Santa Cruz either by air en route to Con-
cepcién or by road dvring the dry season--starting from Santa Cruz
to Puerto Renegas on a 115-kilemeter asphalt road, then crossing
Rio Groade, proceeding along a path of £0 kilometers to Palmarito,
and then L0 kilometers “o 3zn Agustin, Yhere there is clso a

landing f:=1d rear the La Bella and Palmira mines.

La Bella mine is locazted seven kilometers from San Agustin,
and the Palmira mine is at 1k kilometers. The climate is sub-tro-
pical and humid. The rocks consict of mica-schists and lecs meta-
morphcsed quartzose sandstones and schists. At San Agustin there are
outercunings of grarite  and to a lasser extent orthogneisses and p
phylli*ic echists crossed by many quartz veins, some of thoem up
to one m2ter wide. The rocks are gray to red-gray snd sre vari-

able in texture /Tine to coarse).

The cleys or kaolinitic rocks have resulted frcm the decompo-

+

sition of granitic pegmatitic rocks, such as in the weathering of
limestcne. The primary clays contain alkelies as impurities.

The secondary deposits were Tormed by the transportation and re-
depositicn of primary clay and contain some oxide iwmpurities. The
main constitusnts of these deposits are kaclinite, halloysitue,
beidellite, montmorillznite, illite, end bentonite. The principal
clay nineral is kaolinite: Aléoe , €3i0y 5 2d4C . The clays must
be weoehed to vemove ‘mpurities, ecsysencily mica, which would cons-

titute a possible by-product. The rocerves have been ectimated at
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200,000 tons at Palmira and 65,0C tons at Lz Pella, with a pos-
sible recovery rate of 70%. These clays have been used for por-

celain, glazed tile and sanitary artefacts.

The percentage of kaolinite particles of about 53 microns in
size mined at Falmira is 90% and at La RBella, 509%. Intast years

the deposits were worked for mica and beryllium, not for kaolin.

Other deprsits are located in Tllita, Province of Tarata,
Department »f Cochabamba, where the clay is moinly moentmorillonite
associated with auartzose sandstones, dolomites and magnesites.

A study for Corporacifn “cliviana de Femento has been made by
Ing. Blajoslav Cecil as a part of his stuvdy Tor the ceramic

industry in 1969. Rescrves have been estimated at 55,000 tons,

only in the outcropping mantles.

The clays ~f *he Altiplano have been distinguished as
xaclinites, mon*n.rillonites and illites. Kanlinites are found
in the San lelipe mountain in Orvaro with a content of 957 kaolinite,
3% auariz, 27 hematite and some biotite. [n la Paz there are tvo
deposits, both in Sud Yungas. The Llojeta devosit contains 899
eolinice, 57, illite, 37 quartz, and 3% hematite. The other one
has 20% kaolinite, 3% auartz, 4% goethite and some sericite,

chlorite a2nd biotite.

Montmorillonite is found in the San Martin mine, Province
of Muiiecas, in tne Lepartment of La Vaz, with 987 montmorillonite,

19 hinrite and 1L quayt=z, The lianey mine, also in the Province



of Mufiecas, has some plagioclase and hematite impurities and less
monimorillonite. Other deposits ere Calvario ilorte in the Murillo
Province, Callape in the Pacajes Province, gnd Cotoca in the Mu-

fiecas Province, sll of La Paz.

Kaolin is also found in the Province of Challapata, in Oruro
and in Cochabamba at lsatta, where some 80,000 tons of reserve have
been estimaled. At Irpa-Irpa, in the Deparviment of (‘vichahamba, a

deposit is being developed for the cement indnstiry.

In the Department of Cochatamba the depnsit at Potoitaca, ncar
Capinota, has a reserve of 1,300,C00 tons; the deposit at San
Antonio, near Angnstura, 60 kilometers from Cochabamba, has an

estimsted reserve of 200,000 tons.

ear Uyuni, rrovince of Guijarro in the Department of Potosi,
theve is an importent deposit. Also around the city of Santa Cruz,
some ten dcposits have been located. They are: Cotoca, YWarnes,
Paurite, Clora Chuco, werebinto, Chorobi, Huapillo, El Gebio,

Espelns, and Purgstorio.

The bes* kanlinite type clays are located in 3uena Vista near
the city of Santa Cruz and near Robore, at San 5aba, 15 Kms.
northeast of Aiguas Calientes on the Corumbs-Santa Cruz railroad,

430 kms. in length.

In scme other areas the koolinite is a product of alteration
of shales hy thermal waters, but because of their iron content they

are not cuitable for porcelain,
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Geobol has recently studied the important terraces south of
Capinota, in the Pocotaica mountain, where the layer of clay is
8 wrters in thickness, covering an area of 92,000 square meters.
The deposit is covered with recent conglomerates, d tritic material
and vegetation, but there would no difficulty in cleaning this
recent capping. Reserves were estimated at 1, 500,000 tons. The
depcsit of San Antonio, located 2.5 kms from Isata, which can be
reached from the Angostura bridge, is found in Silurian rocks of
the Pampa formatinn, where ergillerus sandslones and ITutites pre-

domirate.

Tn the upper Chepare, kaolinite accompanies magnesitic clays
centoining 599% silica. The deposits of Grecma and Buen Retiro,

on the railroad from Ovuro to Cochabamba, are important.

Small companies have been and are still working on a very
small scele the most accessible deposits for local consumption by
ceramics manufacturers in la Paz, Cochabamba, Oruro, ani 3anta Cruz,
or by marufacturers of glazed tiles, pottery, enameled mosaics,

sanitary ertéfacts, etc.

‘., Limestone
Deposits of limestone are found in various formations in the
Rolivian Andes, but their composition is not uniform and their

sccurrence is frequently assnciated with siliceous or dolomitic

limestone, resulting in a complex 3nd hteterogeneous material.



Limestone was deposited in the following geological periods:
Precembrian, Permian, Cretaceous, Tertiary, and Quaternary. The
Dotl~-nena series, probably of Precambrian age, is a compact, fine-
gratsel and hard limestone. Tt is found at Yacuses, near Puerto
Su~-2%, in the Department of Santa Cruz, close to the Brazilian

bo-3>r. Reserves are estimated at 2L0,000,CO0 tons.

The Copacabana group, of the marine lower rermian is found neax
Lak%=s Titicaca. The Fabrica de femento !lercules de Viacha is the
principal consumer of the limestone from this deposit, which is
located 12 kms. from "ilaque, a railroad station en route from
La Paz to Oruroc. The syncline is about 10kms in length and the bed
of limestone is from 8 to 12 meters in thickness. Cerro Calorco,

8 kms. from Sucre, provides limestone to the Sucre Cement Plant.

The deposits in the region of Arque, in the Department of
Cochabemba, are LO meters in thickness, are considerably extensive,

and are uniform in composition.

The terraces of Lago Minchin in the Department of OJruro are
of organic origin. They extend from Huancané to Pazfia, and the

reserves are estimated at about 500,000 tons.

In several places in the Central Cordillera, the thermal
springs, active or not, have deposited small layers of porous
limestone (travertine). The larg st deposit of this nature is
located 24 kms. from Rio Mulatos on the rallroad to Potosi, where

another L00,000 tons of reserveShave been estimated ( TABLE 1).
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TABLE

4

DEFCSITS OF LIRTETCHE

CONTENTS (%)

Scurce: GEGEQL

JRrmo Tenalizetion At 4 b eSE e 1
IF cnrlizatie 502 P205 a203 Fe203 Ceal g0 CaCO3 ) 5 Feserves ) Ctservations
Lago iirchin  Foopd-f azfia-Huancané Frov.
Abaroz-Dept. Cruro 3,95 0,86 0.76 49,42 4,950,000
Coleras Lontalvo 2 Km, S-RR statlon Carlos
Ylachicedo, Frov. Cuijerro There is a block
Dept. Potosi 3,16 0.58 2.70 4,52 95,83 4,000,0C0 eesy to polish
2,300,000(C&2C03).
Limestones,
Centrzl Zcene Sire-Sipe, Santivafiez 6
Dept. Cochsbamba 0.18 0,36 1,52 1.0 40,90 1.22 14,11 10.3 x 10
Orcome, North  Crcome, Frov, Arque
Tert, Cochabamba 37,45 3,45 4,285,000
Orcoma, South  Dept. Cochubarta 38,56 1.07 .10.5 x 106
Apillepamps Pert, Ccchabazba 31,40 2,10 6 x 107
Sayari Suyari-Colcha, Dept. Cochabeamba 45 to 1.8 6
49 3.8 20 x 10
Colche Frov. Arque, Dept. Cocchebamba 37.3 3.32 25.x 106
6
Pesorepa Pasorare, Cert. Cochabamba 1.19 4,43 21,22 2,78 5 x 10
Huancané Huercané, Dept. Cruro 0.78  0.98 0.56 48,11 1,08 800,000
Calacoto Cerro Peschi, Dept. Cruro 1,00 0.55 0.48 5,73 1.11 3.25 700,000
6
Fl Tunsl Conmerapa, Dept. Santa Cruz 11,52 2.18 22,85 7.90 21.35 22 x 10
Custro anigos  Chella-irgue, Pept. Cochabamba 1.18 0.68 44,70 5,05 8,51 12.1 x 106
Cerro Catzvi Dept. La Pez 1,07 86.11 6.4 Vermorifer Limestone
Abapd #rapd Cordellers, L[> L. Jirta
Cruz 0,30 55,30 0,45 1,20 530,000
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5. MAGNESITE

Two kms. frem limbo, in the upper Chapare district of the
Department of Cochabamba, there is a deposit of magnesite which
forms part of the limbc formation. The mineral is fine, and yellowish
in color, and turns white when the mineral is dried. The deposit
was formed by the alteration of calcareous ‘dolemitic) rocks by
solutions rich in magnesium bicarbonate moved by dynsmic melamor-

pPhism.

The magnesite cccurs with deposits of crocidolite. The magnesite
outcrops on both sides of an anticline and contains 75-85% MgCO3 .
Impurities in the rock are quartz, dolmmite, calcite and micaceous

[}

mincrals. Reserves have been estimated by Geobol at 2 million

tons.

Three mines have started scme production intended especially
for use in the fabrication of refractory bricks. The mines are
San Francisco in the Cristalmayu area, the Filadelfia mine and

the Miren depuenit off Minasmayn in the upper Chapare.
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C. LOU-MFTALLIC OF MEDLM 10

TEREST

1. Basalts

The basaltic crthn-andesitic voleonism in Bolivia has preduced
basaltic and melarhyric lavas in three different, stratagraphic
horizons: Infra- e v-_Tortiary and Quaternary. The ba-
saltic voleaniom wes mere intence Auring the lower Crusiation

periecd. The bacelis eve cbuerved from .t to seuth 2long the

synclines of Llarave-Sorata, Yaco, Penderani, Merochats, Torouoro,

Colquechaca, Potesi and Tarabuen, aceording to Sehneider-Seherbina,
They are mcre abundant in the Macha-Ocari verpion of the Maragua
arca.
" ard the cast the basalts reach the sub-andian reginn of intre
Rios, where the synclines of Salinas and Saururo are feournd along
with the ridges of Mendeyapecua. They fmm thin layers but are
distributed throngh-at (00 meters of vertical thickress. The
cempesition of the bacaltz varies freom those rich in olivine. to

these Tree frm it. asceording to Ahfeld, the Fueri-thiari basalt

has sbundan* ilmenite.

The melaphyrec ~f Tarsbuco contain disseminations of native

e

enpper end copper minerals.,
Mo basalts have been exploited in Rolivia.

2. DBéntonite
This tvpe of cloy occurs in secondary derosits formed by the

transportation of primary clay resulting frem the decomposition

of praniticopemmatitic rocks.  These deposits hove been located at:
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1. Achocalla, rrovince of ;luriilo in the Deprrtment of Ia Pan;
claimed to contain &9 Lentonite ‘nontmorillonite), 14

biotite, and 17 illite.

2. Province <i Challapata in the Department of' Cruro, where

the clay cor‘ains 7¢7 bentonite and is accompanied by kaolin.

[
i

“uiieens, Depariment of la

3. Fatima Mirnc in the Frovince of
Paz, Trom which Geotol has made seme studies not yet

published,

It is said that these clays contain man impurities, cupecially

mica. The bentonite used by YEFH is imported from Argentina,

3

3. Feldspar
The feldcpars in “olivia are of little importance. Large mas-

ses of purc orthoclas nave been found vopgether with deposits of

kaolin in ~he pemranines of the Provinze  of fuflo de Chaver, in

the Derrrimort of Sarnta “ruz, in the looatity of Son Apuctin,  The

feldz-vars are mainly orthiclacse Wiy A oi;“q lonse eryctals some

6 em. in length are found in the dacites of Oruro, in the porphyritic

manzonites of Cuimzca Cruz and in the intrusicns of the Illimani.

[n the tuffs of the Condoriquina Mountain, South of the town or
Macha, in the Lepartment of Potosi, there are also scme emall crys-
tals of feldrpar. Geolopgical reforts on the Llallspua tin mining
distrizt indieate the 1 resence »f feldspar in the Zalvadora bMountain.
it ean also be found in alluvial depnsits of Llavisa apd Dantiagui-

1

11n, Vlest of lsrpgua, in the Depzriment of Potosi,

tremy
(-



i, Ccher

Phere are Tamue degpeestts of hematite at L1 totacu, south of

s fevmien, tawvinee of San José de Chigquitos, NDepartment of
[ t (Myns v . . T, od hill whiet ) t,
Santa Cruz. They ooriciet of several isolated hills which arc pal

of the “razilian fiamationa of +he Jacadis> ren mannersc . district.

Thero ace s Sdemct i i foar ol Llesee Jdopoaits.,
i !

Ocher i3 also found at Pavelle, Trovinee of chayantn, Depnrlment
of Prtosi. In the fltiplann, or <clivian high pintean, ciatife deovey

commor in veine, bub e o e indunabeindl dwpeorbance,

5. Qfuartz

farge rrismatic crystals or quartz arc fournd in many hypother-
mal veins ~f w~o1fremite, as in Chicote Grande, and in the tin mines
of Ator.ma, Vileeo, Chojnaccta and Llallamua. -t the Rosario Geld
Mine of firaca large macses of quartz can be tound, occasionally
containing needles o touraline. Guartz [or gem purpones, such as
amethyst, is found in the gendes of the melvhyvres of Tarabuco,

south «f the Cucre. “uartz, 25 chalcedony, is found with cassiter-

ite in some erithermal depnsits. Epithermal quartz veins with gold

are alrs fourd in Palenzeic soft shales that have been 1little if at

all mebemcrphoned.

cunrtz veins in the ilorthern “ordillera form aureoles around
grenitic bath~1iths, showing geretic relation with them. In the
Cernter and South wdillera of the ecountry quartz is related to

antimoniferous veins,



In the province of ‘elascn, west of Sarta ifna, Scuth of the
road iotacu-Santa Ara, in the Department »r Zanta Craz, there is
a vein b to ¢ meters in width and 100 meters in outercp.  Crystal
Mountain is located in rthe Jansas ridges. north of San Jusé de
Chiquites, alse in the fepartment »f Zanta “ruz. ilo studices have

been made of these de: cits.,

Quar<zitic sanrdcz, with 99 white silice, are found as erosion
proeducts of the 1ava 1w between Ccvarnyo  and Doopoo Thirby
kilometers frem - schabamba there are some white and red silica

deposites grading 3E7 0102, uscd by Cimsa 2efractories TFactory of

Zachebhomba,

£i. Collana, in the lLepartment of ia iaz, important deposits
can be found. ‘The rabrica liecinnal de Vidries y Cristales S.A.

in La Praz is5 the most impertant consumer.

D. .0U-METAITIC MINERALS REVRISENTING CMALL IUTEREST

1. Chalk

This variety of calcite, white or reddish white or somctimes
yellruish in eolor, is a soft ecarthy material found together with
elay at i.mitss, Irovinee of iea-Jica, Department of lLa Paz. The
banded veins were deposited as a product of thermal waters., Tt is

said that there are ~ther deposits seattered in several parts of

25livie, but there arc no studies or data aveilable. WHased ~n the cu-

rrently informabion aveilable, [urther investipation is5 not recom-

mended .
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2. Diatomite
Diatcmite, more ccmmonly known in Iolivia as tripolita, com-
posed of the siliceous ghellc of diatoms and other microscopic

species, cceurs i tne reginn of Lake Titicara. [t appears as a

[uH
4]

very finc-graired eactl, cipilar to clay or carthy chalk, bufb
harceh {o the touch. .6 io enploited by the Indianc in small
amounts, but the rossibilities for nepmereial euploitation are

19

minimal, and additional investimation is not recommended.

"3, Dolomite
Seme dolomite is found at the Julisna Hine in the mining
district of “onde auoui, near the city of Crure, where it gererally

aceemparies scheelite. The mineral is white, dry and fine grained,

w

due probably to irs colloisal crigin, It asually ocours in large
masses with wide rractures. heserves are believed o be limited,

N

The mine is accessible by road from Oruro.

buring the period 1942-19L3, 1,800 tons were exported to Chile,
but this market has not been maintained. Another depnsit is found
4O ¥ms. frem O ~habemba in Santibaiez.  This dolrmite jo acermnanied
by naleite which 1toeli contains oo-zh ueh, There is no estimote
of reservers. Compaiiia 57MSe, frem Oochehamba, i currently using
this mineral {-r refractories.  The dolemite in nnt emisidered
important ercagh to Jastify an dudustry by itself, but it could
perhars be supplied t.a new refraci ries industry producing a

broad product line.  Under presert cireumstences, additional study

in not reecormendad.

()



4., Granites
Practically 211 the Cordillera Oriental has an uninterrupted
central granitic area which was preduced by magmatic activity in

Al 2slivia and which culminated in eltensive

-
2

the Jrtho-/rdean 7-ne
hypo-abyzoal intrusi-ns inte segments of the lower Paleozoic. Due
to the irregnlner cxtent =f the epeirogenic uprising in the Ortho-
Andean zone during the uyprer Cencoode, the geographic dishribulion
there is a

of the aubterops 0 Wheoe datiaslone da crralde, Dot

cerlain regional symmeotry.

~

The ignecus activity preduced a vow ~f batholiths distributed
nortlawe st sonthuest along abeut 200 ¥ms.  Tn the northern extremity

close to reru lies the 7~rdillera de Apnlabamba, where there is an

outerop of the grenitic stoek of Sunecimilli.,

The Cordillera Reel has {ive ilgneous masses of granitic and

q{

grancdioritic outerons,  These are:

1. 'The forata bothelith, 20 kms in length, extending from
the I1lam u Moantain and the Anke 'uma 76, 500 meters
high) to the frliana kiver, covering a surface area of

]

about 390 kms. ",

2. The thucurc intrusive, in which the most conspicuous

/.

aountain 1z The iuaina §-tazi A,200 mts. high).
3. The Tgaueci-lMurursia boatholith,

b, Ihe 11limani intrusive with the !11limani mountain, the

econd hiphest vealk in 891ivia,

[ 4]
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Seuth of the Cordillers Real is the “uimza Truz, 5 los. long,
covering an area or 300 hms.g, with practically a continuous mass
of grancdioritic outcrop {gee map,. In these (ordilleras a conti-
nuous sequence of mezmatic differentiation woes produced starting
with a moegna ~f gran-dioritic composition and continuing to a dio-
ritic evtreme znd o later granitic eztreme. The intrusive rocks
differ frem a calce-alkaline mamma, with a consistent prodominanee

of potassium ~ver sodium,

Mo

.

st of the granites in Bolivia are found between 4, 500 and

6,000 weters ahove seo lavel. Because of the difficulty access to the

d21° “va and the lack i roads, enly o fow cvposures of pranites
have beer worked on a very small scale Dor use in construction.,
The most knoun and c:ploied deoosit is (manche near the city
of La Faz. .ccause ~.© the general inaccessibility of the known

granite depcsits, and thus the impracticelity of its eyjploitation,

we do not recommend further stuuy.

5. Fuller's Barth

Gialactite, a variety of natroiite, has been identified {but
not evalunted) at the Japo M-untain, in the ridge of Palca, pro-
vince of fyouara, Department of Cochebamba. Some studies, as to
location and size of the deposit, have been made by Geebol, but
have not been juulishied. Hydrothermal veins of ankerite, barite
and sodalite anceompnny bthe syenitiec intrucion. liatiolite was
formed by the alteration of sodalite. 1t is Mound in dense white
macces with a Cibrons texinre. Very libtle detailed investigation
has been made. The lack ~T preven reccrves ardd quality coupled
wirh 1ow value/low demard supeest that the study of this material

rae oy

if
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not worth pur-hing further.

6.

Marble

There are no reported commercial qualities of marble in Boli-

via, although there are scattercd deposits which are important

only for local consumption. The following five deposits are con-

sidered the most important:

A calcareous rock, 6 meters thick, easy to polish, fine

J 2 3 J
grained, compact and uniform, is found at the Catavi hill,
ilorth of Tembilin, near the town of Huillamarca,

in the Titicaca T.ake arce.

At the Laurani hills, close to Sica-Sica, on the railroad
from La laz to Oruro, there is a deposit with three cal-
careous veins. The rock is reddish-brown and crossed by

ferruginous stringers.

12 kms. south of Rerenguela, Province of Pacajes, in the
Department of La Paz, there is the deposit of Mirazapani,
consisting of a few calcareous beds from 1 to 5 meters in
thickness, resting on Tertiary arkoses and sandstones.
The deposit was formed by thermal waters, and the calcium
carbonate was deposited in colloidal form, The rock can
be cut into large blocks and can be well polished. Tt is
called Marmol de “ercnguela.

In the areca of tuerto Acosie. Department of La Faz, scme
deposits have been studied by Geobol. No i.,forma.:on is

available.



In the Province of Saon José de Chiquitos, Department of
Santa Cruz, Geobol has reported the existence of a deposit
of reddish marble. o reserves have been established for
this so-called "Bolivian marble", which has been used only

locally.

Only the finest grade marble could be exported from Bolivia,
but most knowledgeable respondents have been of the opinion that
the Tolivian marble is not of exportuble grade. These specific
sources can continue to be worked as they are today, but no further

stimulation of this local industry is justified.

7. Mica

A wide and extensive belt of muscovite is located between the
Quiser River snd the town of 3an Apustin in the Huflo de Chavez
Frovince, Tepartment of Santa Cruz. The orientation of this belt

is South South East,

™o mines have been operated in the belt. Mina ilegra was
originally worked by Casa Schwelzer during the years 1926-1928,
and later by Casa Hardt; both companies were from Santa Cruz.
Mina Hegra is located 2 kms. southeasu of San Agustin. In the
years 1953-1G54 Lir, Dionisio Foianini worked the mine for columbite.
Mica has beeil exploited frem an irregulor pepmatite oceurring in
mica-schigis; the minerzlizatinn includes cuartz, orthoclase, mi-
eroeline and muscovite,which is olive green in color, and has crystels
40 cmg. in diameter. The mine was worked to zbout 70 mts in depth.
It is veported that Mr. Foianini produced a total of 20 tons of

mica.
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In the year 1945 Corvoracidén Noliviana de Fomento studied

the deposit in detail, but no follow-up occurred.

The other mine in this region in Mina Verde, located 5 kms.
Northwest from Son Agustin. The vein is 20 meters wide, and the
muscovite has a Tish-tail structure. Tt was worked between 19L2
and 19k3. The deposit also contains columbite and monazite, but
none of these minerals, including muscovite, were considered of
ccmmercial value. It is reported that 36 tons weieexported. Rased
on the declining world market for high-value mica (because of the
replacenicnt of electronic tubes, the majov sheet mica market, by
solid ctate components and because of the small and low value per
ton of ground mica) we believe that, commercialization of these

questionable deposits should not be considered.

. €. Realgar
Realgar is a very rare mineral in Bolivia. OSome nodules
are found near the Peruvian border near Candarave. In the locali-
4ty of Urmiri, in the Caracato Valley, Loayza Province of La Pag,
there is a small deposit of r ecent age, formed by thermal waters,
which contains scme cinnabar and sulphur. Occurrences have also
been found in Mallasa, near the city of La Paz; they are also of

thermal origin.

Arscnopyrite, or mispickel (AsPeS), is more common in Bolivia
and is found associsted with wolframite in hypothermel deposits

and also sccompanying cassiterite in many tin mines.

&o



Again, we see little cormercial value in these spotty,

small occurrences.

9. Talc

Very little talc has vpeen found in Bolivia. Some talc occurs
with magnesite in the Limbo formation in the upper Chapare area,
Depertment of Cochabamba. Some tale is also Tound in Camacho,
Arce Province of the Department of Tarija. Commercialization of
these marginal soureesn ahenld be diac uraged unlecs it can be
accomplicned in conjunction with a venture bhased on mapgncusite or
another more viable material found with the tale. Uo specific

investication of talce is recommended.

E. WTHERAL AVATTABILITIES IN OTHER ANDEAN CCUNTRIES

Mining or manufacturing opportunities within the context of
the Andezn subregion and suggested by the above availabhility clas-
sificaticn will to a large extent depend on the quantity and
quality of similar minerals availahle in Colombia, Chile, Peru
and Ecuador. In table 2 we have developed, for specific non-
metallic minerals, information on the present availability of
these minerels in the other Andean countries. e have attemped
to provide judpemente on the evtent to which Bolivian resources
are inferior, equal or superior to the resources of the other
Andean countries. On this table sn "A" indicates thet Bolivian
resources are considered generally superior tou the resources in
the other countrics, a "BY indicates thal Bolivian resources are

coanparahl e and e "CY o Lhal 3alivian resources arve inferior.
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TABLE 2

AVATILABILITY OF NON-METALLIC MINERALS IN ANDEAN COUNTRIES

Chile Colombia Ecuedor Peri

Asbestos A A A A

. Berite B A B-C
Delomite B B B B
Feldspar B B B
Gypsum B3-C B B B
Kaolin B B-C B B
Lirnestone B-C B-C B B-C
Maguc.-ite A A
Marl:ic B B-C B Cu.
Quarty B-C B-C B-C B-C

The table indicates that only in the case of Asbestos and
Magnesite does Bolivia have an advantage cver the other Andean
countries. In the remaining non-metallic minerals for vhich a
comparison was made, the other Andean countries have similar

resources.
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IV. THE CONSTRUCTION INDUSTRY
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IVv. THE CONSTRUCTION INDUSTRY

A. INTRODUCTION

The construction industry throughout the world, as in Bolivis,
is the largest consumer of materials and products produced by the
non-metallic minerals industry. One carmnot fully evaluate op-
portirities in the non-metallic area without developing an understand-
inp ¢ *he present and future construction industry within Belivia.
In the reonvt thus far we have been dealing with available minerals
and preducts wiioh could be made with these minerals; in this
section we will look at the non-metallic minerals area from a different
persnective, i.e., from the largest ultimate end use market -- the

constrie*’on industry.

Tha hasic materials used in construction are steel, cement,

-

sand, gravel and rock. These basic materials, in their upgraded
value, represent slhumost 74 of the material imput to the cone-
truction sector. They are used in the foundations, frames, walls,
floors and ceilings of most of the buildings in Bolivia and they
are also the principal inputs to the construction of highways, dems,
sewers, and the like. iot only are they used in crude form, hut
they are alsc the major constituents in floor tile, plaster, pipe,
masonry, and other specialty building products. TFurthzimore,
sacondary bnilding materials such as asbestos ccment products,

clay brick, gypsum, glass and sanitary ceramic warc all represent
major markets for non-metallic minerals. 'ith the exception of

certain high value-sadded non-metallic mineral products (glass,
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ceramic ware, etc.), most construction vraducts are relatively

high volume, low value products in which freight cosls are a major
element of finel cocte, This indicates *hat low value construction
paterials for the meot rard muct lock to the domestic market for
{hotr principal cutlets, with cyport markets being incremental
norrets with marginal or no profita. This generalization is par-
ticulzrly valid in 2rlivia, where freight costs out of uhe country
are relatively high and mcst construction preducts of the low value
type are readily available in neighboring conntries.Therefore, we believe
that it is cssential to develop a brief description ot the cons-
truction industry as it exists today, and as it may exist in the

futurc, so that tne non-mecallic induslry can be more thoroughly

understocd.

In Bolivia, as throughcut the world, the constructiocn industry

ig highly fropmented, very cost-sensitive, and poorly documented

.
B4

[SH

statistically. While it is beyond the scope of our prescnt as-

sigrment to document and onalyze thoroughly the construction

industry, we have made a briefl attempt to do this below for the

purpose of developing insipghts into this lawvge potential market for
non-metallic minerals. It should be stressed, however, that the
figures presented in TARIE 2 dealing with size and growth of the
construction industry are extremely preliminary ana are based princi-
pally on pubilc data. Ve have augmented this by modest ameunta of field
work within the country and Arthur D. Little's previcus experience

in the construction industry in other countvies throughout the
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world. 1I¢ is possible that the numbers sikmitted bolow are in-
accurate--indeed many differcnces of opinion sxist in the industry
within Bolivia--so thed all professionals will not agree with our
estimates. e believe ,however  +hzt in the lirct

place, cven order of mroni tude numbers ere necessary to understand
the sensitivity of the industry te difiorent factors. In the
second place, worder of magnitude rumbers arve accurete er-us" 1o ex-

press the important dynamics taking place in this industrial sector,

TABLE 3

VALUE OF COHSTRUCTION
(millions of current polivian i'esos)

fear Velue Added Materials Total
1958 122 98 (45%) 220
1959 139 111(L57%) 250
1860 168 136(4eg) 304
1061 136 110( 45%) 246
1562 181 1h6(L5%) 327
1963 212 171 (L5) 383
1964 221 177(L5%) 398
1965 3€0 201 (L57) 651
1966 291 234 (Us57) 525
1967 3ke 27 (L2d:) 569
1958 451 30k (L0od%) 755
1969 W 362(L5%) 812
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3, THE $120% OF THE couoTRUer o o -rmrn I w0OLIVIA

wlads
Table 3 showe the Ministry of DPlanning current estimates for

the value cf constrastion in #olivie in current Pesos, from 1986

s

to 1369. Thic table rhius se nrately the "vnlue added" component

of th~ conetracticn indastry {labor, ~verhead, urofits) and the

materints ermyonens which includes the velue of the imported and

demssoteally-mannteotaes o materiale used in thic sector, These

v

v oeotimnter--nt hest--hoth in fepma o bovkal

v

[o)

figures are cestnin

value and perzent meteriesls.

.

It should be pointed out that grest confusion exists in this
industry as to whether » material is produced at the job site
(i.e., part of the conrrruction materials sector) or by the mining
sector or irdustrial sectrr. or exomple, sand and/or gravel mey
be simply lsuded ints o truck at the grovel pit by the contractor.
This value f .rmally represents value of the mining industry rather
then of the c-notruecticn indnstry, bubt in practice may be inciuded
in ccnotiruction,  Similarly, if concrote blocks are manaTacthured
not, at the jcb site Lut by the contractcr, this wvalue should tech-
nically be included ir. tie menufacturing sector but usunlly is al-
located o the construction sector. Ve believe the estimates shown

above and develcped by the goveriment ave valid approximations of

the true situation ard are suitable for ~ur puarposes.

In reviewing this teble, one can see large variations in the
level of activity cver this time pericd; furthermore, it should be

pointed out that a cignificant portion of the growth in the bottom
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1ine of Table 3 rcflects infletion rather than a rapidly growing

valve of the conutruction.

Table 4 breors down the value of censtruction for the year
198 into six diff-rent subsectors (houcing, commercial, industrial,
ete. ench with verring material requirements. in Colwnn 1 of
this table we show the gross value of construction: in Oolunn e
we have deducted &57 of the gross value vepresented by overhead,
profits srd othier indirect costs fo develop the net vulue of cons-
truction which revrecents the costs of dirvect labor and mnterinle.
In the remeining cclumng we have develn ed ostimates for the net . -
valus o the ecopstruction in varione trades such as concrete, ma-

sonry, finish, electrical, etc,

I+ is rignificant to note thet a large portion of the total
construction in 2olivia ic controlled by the fationsl .overnment.
Such sectors include pablie buildings, bighwoys, streets and
civil encireering (sewers snd the like). This cupgests that the
HNationel Soverrment has in the psst and will in tne future play
a strong role in the econstruction industry. This provides the

overrmert with a signilicant cprortunity to lead this industry
) 4

through & hezlthy and plenned meaturity phase.

As shown in Table b, the "other" category is large, parti-
cularly in the eivil engineering portion. These "other' items
can be divided inte two principsl types, reither of which repre-
sent major opportunitiecs for industrial development at this point.

First, it includes large sums reprecenting labor and equipment,
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rather then materiels, pavticularl;” in the hizhwey, sirects and
civil engineering srea. The principal materials in these scctors
include stone, 7Till, sand, acrhalil, pire, and highly-srecialized
mechanical cquipment. Secondly, particulariy in the bailding

porticn, the "cther" category includes smnll quantities of
variety of Aifferent jroducts including nir conditicning, elevators,

heatiryg equivment, and other specialty products.

It is my.ouvent from the date precented in Toeble L, thal the
concrete portion of the consrruction jndastry, coupled with a
large sm-unt of send, gravel end 111 aced In civil engineering,

accomt for the bulk ~f the construction muterisals used in Bolivia,

In Table 5, we hnve taken the nef. valuc of the different
trades or subsectors of construction shown in Table b and have
attemrted to ceparate moterial value  fram the labor content to
develcop the totsl values of matericel used in the corstiuction
indussry. These are apgnin order-of-magnitude estimates which are
conzistent b th with cur cwn underctanding of these trodes and
alnn with “hic volue of material develojment by the goverrment

(Table 2). Aroin the guestion arices ag to what constitutes

materisgls cr labor,  In the conerete sector, for example, we are

cournting as maierisl cocts the coct of rend, ceoment, gravel, re-
inforciig rteel, and forms regardless of who buys and who mixes

these materinls.



Secter
Concrete
Masonry
Finish
Electrical
Plumbing

Luors and
Windows

TABIE 5
Valu€ of Materiais

(Millicns »f Current Pesos)

Percentage
let Velue liaterials
124 757,
33 75%
13 30%
cC 807
21 go%
18 75%
75 £o0% Bldg.
250 309 Civil Eng.

Source: Arthur D. Little, TInc.

9N

Value of
Materials
93
25
4
16
17

1k
60

75
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C. THE TRADES OF THE CONSTRUCTION IMNDUSTRY

In the section below, we will review each of the six trades
quantified in Table 5, with particular attention to the material
usage in these trades. Ve will also make observations on the op-
portunities that may exist in these material sectors for new

industrial projects.

1. Concrete

Table 5 chows that approximately 93 million pesos were expended
for concrete products in 1968. These materials were broken down

approximately as follows:

Cement 30 million nesos
Aggregate 12 million pesos
Reinforcing Steel 21 million pesos
Lumber 25 million pesos

Miscellaneous 5 million pesos

93 million pesos

Despite the fact that the civil engineering portion of the
industry reprecents 60% of the total value of construction, it
only consumes approximately one-third of the poured concrete used
within the country. The concrete trade is heavily tied to the
building construction industry and must look to this marlket for
future growth,

Approximately 45,000 tons of cement were used for powred con -

crete in 1968. This is the largest market for cement, but an
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additional 25,000 tons were used for producing concrete products
(12cor tile, blocks, shapes, and the like), in plaster and masonry
grout and for local purchases of cement for maintenance and re-
pair of existing buildings. In the future, the total market for
cement will grow at the growth rate of building censtruction
sctivity or perhsps &% a yeal; it will, therefore, be at least ten
years before the demand for cement apwnroaches the z00,000-ton
capacity currently being installed within Bolivia. Certainly

no additional capacity should be planned al present for the do-

mestic market.

The current arice for cement in Bolivia is relatively high
compared to world market prices. Cement prices arc currently
$50 per ton or $2.00 to $2.25 per sack (including transportation);
world prices (at dock side) are averaging slightly over $20 per
ton. These facts, coupled with the freight costs to the Vest
Coast of approximately $20 per ton and the large cement capacity
in Chile, Perd, Brazil, and Argentina, mske export markets an
unlikely possibility in the short term, although small incremental
sales may be possible in Western Brazil or in porthern Argentina.
Hopefully, the excessive capacity currently available in the
country will bring down the current high price of cement but, in
all probability, not to the point which will open up significant

export markets.

It appears that the current capacity for cement is adequate

for the country for a number of years. [Ixport opportunities seem
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remote. The cement industry, therefore, does not represent a new
oprortunity for the country or a new market for the non-metallic

industry for Bolivia.

The aggregate portiocn of the poured concrete market, coupled
with the even larger market for aggregate in civil engineering
projects and in manufactured concrete products, does represent op-
portunities fcr expansion of existing industries or creation of
new industries. However, these industries will vemain small, often
under the control of highway coutractors, nroduct manufacturers,
or building contractors, and do not represent an opportunity for
high value-added manufacturing opportunities. Oand and gravel are
readily available, are cheaply mined at $1-$2 per ton, and do not
significantly benefit from large scale production or new technology.
Transportaetion costs are paramount in the sand end gravel business,
often exceeding mining costs even for delivery within 100 km. We
do not believe the government should encourage expansion of the
sand and gravel business, but rather let it grow naturally, under-

taken for the most part by small, local industries.

2. Masonry

The 25 million pesos worth of masonry materials shown in
Table 5 include many wall materials of which well over 509, are
hollow tile and brick used for the interior and exterior walls of
many of the buildings in Bolivia, together with the mortar used to
apply these materiols. In addition, it includes modest quantities

of concrete blocks, special shapes, and walls technically not



meconry but such as curtain walls, precast concrete wall panels

ard the like meeting this end use.

Tae uce of hollow and solid brick in Bolivian construction is
well esteblishad and in all probability will be replaced by newer
procducts very slowiy if at all. Therefore, this manufacturing
arca is relatively secure for the long term. There are, presently,
a Tew major and a larger number of small tile and clay products.
companies in Bolivia which are currently meeting the demnnds of the
masonry trede. There is, furthermore, no export apportunity for
clay bricks since they are relatively inexpensive materisls ranging
from £00 to 1,000 pesos per thousand bricks with a relatively high
freight rate to the coast, since the materials used in brick and
block manufacture are readily available in Other South American
countries, and since there already exists a number of plants
throughout South America to produc~ this product for local mar-
kets. This well established, local industry will probably expand
as the market expands and does not need government stimulation:on

or protection to insure its meeting the demands in the country.

There are also well-established industries in concrete pro-
ducts in Bolivia, although concrete blocks are not as accepted in
Bolivia as they are in other western countries. Industries in this
market cector also tend to be small, have low capitalization and are
not sensitive to econcmies of scale or new irdustrial technology.
While it is possible that there are opportunities for more sophisti-

cated concrete manufocture, particularly in the areas of pre-stressed



pre-cast concrete products, the feasibility of such ventures is
rirtnglly independent of the availability of cement and aggregates.
Fanaibility studies should be undertaken only after a detailed

analvsis of *the construction industry has been completed.

As stoied in the concrete section above, the availability of
azrrezetes and coment for this sector is currently more than ade-

quzte as are the existing sources of clay for the cile and brick.

3. Finish

The finish trade in *he consiruction industry accomplishes
the finishing of surfaces of buildings constructed in Bolivia includ-
ing plaster, floor tile, paint, and specialty finishes used in
prestige buildings. The principal materials include gypsum, cement
and lime, all readily availeble within the existing industry
structure of the country, coupled with paints (discussed in the
chemical sector) and certain wood panelings (discussed in the
wood products sector). The relatively small quantities of cement
and lime used in this market are not in themselves adequate to
justify new facilities but rather should continue to be incremental
markets for existing cement and lime operations. The gypsum
industry within the country is fragmented between a number of small
firms converting gypsum rock into plaster. There is little op-

portunity for expansion of these small industries.

The large gypsum industry occurring in the United States and
Viestern Europe produces a wallboard product from gypsum formed

between two sheets of paper. This gypsum wallboard is particularly
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appropriate for wocdframed construction and replaccs wet gypsum
plaster effectively where lebor costs are high. The scale of
econcmics of these plents makes it inefficient below levels of 1
million square meers per year; and in fact; the newer plants
throughout the world are as lerge as €0 million square meters
ver vesr. Plant cosis of such facilities ave Us$10-20 million.
Becausc 0 the use of masonry construcition in Bolivia, the re-
latively small building construction rarket, and the low labor
coazts in Bolivia we do not considcr the installation of gypsum

wallboard facilities a gocd opporitialty et this time.
3 ).

h, Electrical

The 60 million pesos cxpended Tor electrical materials (as
shown in Table 2) represent on the surface a large market but in
Tact represent hundreds of different products including vire,
cable, conduit, wiring devices, bells, outlets, junction boxes,
electricel fixtures such us lights, and electrical equirment
including transformers, circuit breekers and the like. This
electrical value excludes the large value of major electrical

s

equipment uced in generating, distributing and regulating pover
but rather is limited to the electrical sugplies used inside of
building construction. The opportunity for these products will

be discnssed under the Electrical/Electrcnic Sector study.

The only oppertunity relating tn “hie non-metallic minerals is
the very modest quantities of ciectr»ical poreelain., This will

be discussed elsewhere in this report.



5. Plumbing

The $17 million of plumbing used in building construction again
is represented by large numbers of products, including piping, Pip-
ing fittings, fixtures (toilets, bath tubs, sinks, and bidet :) and
fittings such as valves, spigots, drains, and connectors. Of par-
ticular interest to the non-metallic scctor are the vitreous china

plumbirg fixtures, which will be discussed in the next chapter.

6. Doors and Windows

Approximately 1W million pesos expended for deors and winduwg
rost cf these made from wood, steel, or aluminum. The only
possible product opportunity represented by this Sector is for the

local manufacture of sheet glass which will alsc be discussed in

the next chapter.

D. THE ROLE OF THE GOVERMMENT IN THE CONSTRUCTION INDUSTRY

As discussed above, the Hational Government of Bolivia already
plays a major role in the construction industry since it is the lead-
ihgbuyer of construction services in the nation. This fact alone,
coupled with the government's active rolein attempting to provide
housing and other social benefits to people of Rolivia, puts it in
an excellent position to help regulate and dcvelcp the construction
industry in years ahead. Many building materials industrinal projects
based on non-metallic minerals will succeed or fail in the future,
based on the health and maturity of the construction industry; the
government. indirechtly can assist in making these industries viable

Poth by its pnurchacing and 1ognlatoay ahilities. Specific steps
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which could be taken by the government to improve the climate fox

construction materials industries include the following:

1. Balance the volume of construction occurring from year to
year

As shown in Table 3, the volume of construction activity in
Bolivia has been erratic. New ventures to produce building prodneks
will require constant to modestly growing volumes; they cannot
survive, however, periods of major fluctuations in construction
Cemend. Sinece the govermment is such a large buyer of construction
projects, it should be aware of the effect of its purchase on the
health cf the building materials industry. It should attempt to
use its large buying power to level out construction activity and,
where possible, derer construction purchases when the free market
activity is high and accelerate its purchases vhen congstruction
activity is low. Obviously, other factors will on occasion make
this practice impossible., However, the goverrnment, in preparing
plans for new construction purchases, should be aware of the
effect of its purchases on the construction industry and, wvhere
possible, it should attempt to schedule its construction projects

+to level the total consiruction industry loed.

In making such plans, the government should be aware of the
different material requircments for different types of construction.
For eyample, the highway and the building sectors are different
and peaks in one sector do not balance lows in another. Cenent,
for exemple, is used heavily in the building portion cf the
construction activity, while labor is used cxtensively in civil

engineering projects.
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Not only will such a planned construction program assist
materials producers but it will also provide assistance to con-
tractors themselves. It is undesirable for construction companies
to spring into activity for peak loads and go out of business when
government spending stops. The govermment, through planned conga-
tructvion awards, can build healthy and continuing construction
firms rather than creating opportunistie short-term contracting

organizations.

2. Creation of standards end codes

There currently exist in Bolivia various building standards
and codes, although these certainly could bhe modernized and more
strictly enforced. Vhile the government can encourage strengthen-
ing of the code procedure, it also has the opportunity--through
its large buying pover--to specify high quality construction which
in itself will develop markets for high gquality materials and will
train contractors to a higher level of construction performance.
Many of the newer production processes for making building materials
produce controlled, quality products at relatively low cosgt., How-
ever, most of these products are more expensive than the low
quality precducts often produced by small local industries. In
many countries where new plants are installed to prcduce large
volumes of high quality products, they are not accepted in the
marketplace because they are slightly more exrensive than currently
used, inferior quality produects. I the goveriment increasingly

insists that materials used in its purchases are of the highest
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quality, this by itself will develop a market for such products
which will make industriulization of building products manufacturers
possible. It is possible that the government will pay slightly
more for its construction products by following this approach, but
it will benefit both by acquiring higher quality constrmelion arnd
by upgrading the materials industries and the quality of the

contractors.

3. Encourage the use of dcmesticelly-produced materials

The government is currently undertaking an smbitious program
of low-cost housing for the people of Bolivia. There is great
interest in Bolivia as throughout the world in new forms of
"prefabricated” housing made frow a variety of specialty materiuls
including plastic foam, light-weight concrete, and prefabricated
wood elements. While it is possible thatl such techniques can
mcdestly decrease the cost of housing, we believe that all too
often the cost savings is not guaranteed and is often grossly
overstated. We believe that it will be in the bert interest of
the govermment and the construction industry of Bolivia if the
attempts to industrialize the honsing process were based on the
system which utilizes velatively conventional materials which are

locally available.

E. RECOMMENDATIONS
The construction industry is a vital industry to the economy
of Bolivia; indeed, according to Table 6, the GNP  within

Bolivia in the next decade of the construction industry will grow
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TABLE €

GROSS DOMESTIC PRODUCTINNS PROSECITIONS

BY ECOMOMIC SECTORS, 1G66-1900

(In millons of 1958 pesos)

1966 1980 Average

In millions In nmillicns Annual

of 1958 Per- of 1958 Per- Rate of

Sector pesos centage Proos centage Growtih
AGRICULTURAL 1,266.0 26.8 2,2%0.0 20.4 4.0
TNDUSTRIAL 1,500.3 318 L,03k4.5 36.6 7.3
[tanufactuiing 573.4 12.1 1,535.9 13.9 7.3
Mining L27.3 9.1 903.8 8.2 5.5
Petroleum 238.6 5.1 828.2 7.5 9.3
Constructions 261.0 5.5 766.6 7.0 8.0
SERVICES 1,952.3 Li.b L,728.4 42.9 6.5
Commerce & Finance 57 .8 12.2 1,358.7 12.3 6.3
Transport 382.1 8.1 €08.5 7.3 5.5
Government 453.2 9.6 1,328.8 12.1 8.0
Other services 543.2 11.5 1,232.4 11.2 6.0
TOTAL PBI 4,718.6 100.0 11,012.9 100.0 6.2

SOURCES: SEDEPLA, 1966 Hational Account as quoted by Human Resources

in Bolivia Study, Ohio State University.
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faster than all but one other sector. The construction industry

in Bolivia at present only accounts for a small portion (less than 10%)
of the total gross national product.If Bolivia undergoes economic
growth in the next decade, it will be led by rapid growth in the
construction industry. INot only does the construction industry
consume significant amounts of products which could be the basis

for new industries in the country, but further, the construction

industry provides for commercial/industrial establishments.

The construction industry is highly complex. It certainly
involvas the non-metallic minerals sector, and also the forest
products, steel, and chemical industrial sectors. Many of the
products of construction can be made of a number of different ma-
terials (wood, steel or concrete framing; plastic, clay or stecl
pipe; wood or metal windows and docrs). Therefore, one cannot
necessarily make projections of the growth of one construction
product without considering the entire spectrum of construction

materials available.

The construction industry, furthermore, tends to consume
large quantities of low value domestically precduced materials
(with the exception of some specialty products used in heating
and ventilating, plumbing and electrical). The commodities, how-
ever, are gencrally not products of international commerce but
are used close to where they are made; potential manufacturers

must look to the domestic market as their principal market.
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Arthur D. Little, Inc., recommends that before any menufactur-
ing feasibility studies be undertaken for the basic construction
conmodities (cement, rock, gypswe, clay, block, brick, pipe) a
thorough pre-feasibility study be made of the entire construction
industry and its many sub-ccmponents. Feasibility studies in
narrow material sectors cannot be valid antil the entire materials
requirensnts for the industry are analyzed together, considering
material substitutability and technological and material trends
are developed on a consistent, intra industry basis. The construc-
tion industry is so important to the future oi' Bolivia that to
analyze it piece-meal with the narrow perspective of one product
may well be to create recommendations inconsistent with the direction

of the industry as a whole.

Specialty products such as flat glass, sanitary ceramics ard
others can be looked at separately; indeed, we so recommend in a
subsequent chapter. MNHowever, with the basic commodities we strongly
urge the govermment of Bolivia tc undertake a detailed across-the-
board construction industry analysis before funding specific ma-

terials feasibility studies.

This study should cover the following topics:

a) Develop the present vaiue of construction currently taking
place in Bolivia, broken down as shown earlier on Table 3,
and by geographical region.

b) Project this breakdown forward for 10 years.

10
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Develop meterials imputs reaulred by this industry.
Investigate materials substitution possibilities i.e.

stael vs. concrete ve. asbestos cement nipe

conerete ~g. brick masenrys

wood vs. concrete vs. steel frames

wood paneling vs. plaster walls
Fvaluate current and future rcles of government in cons-
truction in regard to govermment findings, code enforces
ment, national housing pelicies, etc.
Document number, canacity and quality of domestically
mede construction matericlis.
Identify speciric products which could be profitably
produced in the country, based on any basic material--

mineral, metal, wood, plastic.
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V. COMMERCTAL CONSIDERATIONS
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V COMMERCIAL CONSIDERATIONS

A. INTRODUCTION

In chapter III we evaluated the quantity and quality of non-
metallic mineral resources in Bolivia and classified them accord-
ing to their importance. In this chapter we will consider those
non-metallic minerals having strong and medium promise and further
evaluate them according to such comrercial factors as markets and
the competitiveness of the Roliviun product in each market. Ve
examined the relative cost structures FOB and CIF for the domestic
and imported non-metallic minerals in each of the five Andean

countries together with the relevant market data.

Some of these minerals are low in value and high in bulk, and
transport costs are an important part of the total delivered price.
We thus considered it appropriate to examine the price composition
of any delivered material and to eliminate if from consideration
should the difference between the delivered price of a Rolivian
mineral and that currently being paid by purchasers in the other
Andean countries be excessive. Ve also examined market volumes
and other commercial considerations for those raw materials that
potentially could te delivered to customers in Bolivia and in other

courtries at an attractive price.

Ve realized at an early stage that the best opportunities for
Bolivian industry might not exist in the recovery and marketing

of the non-metallic minerals themselves but in the manufacture in
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Bolivia of products derived from them for domestic and export
markets. This type of development of the non-netallic minerals
industry would create a wider employment base for the Rolivian
population, attract investment by new and growing industries,

help in creatinz a demand for associated machinery and factory
construction, and generally benefit the Polivian economy in a more
prsitive way. Consequently, in the second part of this chapter,
we will examine whether opportunities exist for the mannlacturve of
products derived from non-metallic minevals availahle in Rolivia
in the quantity and quality reauived by the industry. As was the
case in our evaluation of opportunities in the production and
marketing of non-metallic minerals we examined the FOB and deli-
vered prices of the various products derived from non-metallic

minerals, compared them with those prevalent in existing markets,

and analyzed market volumes.

The analysis takes into account our field investigations in
Boliva and the other Andean countries. Members of Arthur D.
Little, Inc. and Prudencio, Claros y Asociados conducted many in-
terviews in the five Andean countries collecting market data,
examining existing price stcuctures and marketing tecinniques, and
generally building upa picture of market requirements. Ue consi-
dered it extremely important for example, to know the technical
and cost requirements forretfractory minerals by manmifacturers uti-
lizing these products in Peru, how Chilean ceramic producers regard-

ed imported raw materials, to what degree the Colombian sanitary
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ware market is being satisfied and other such aspects of a commer-

cial and marketing nature.

While this approach is obviously one of the best that could
be adopted in such a study, our work was made difficult on two
counts: the lack of useful or reliable market statistics in all of
the Andean couniries and the non-existence of Rolivian industiries

on which to base costs of mineral recovery and prodnet mor e Lore

Pespite doelermined attbemphs in ~athering relevanl market data in
each of the five Andean comulries ou which to base our eveluntion,
we met with far less than complete success and many vital gaps
still exist. In fact, we secasionuily were faced by a number of
different sets of statistics for a pavticularproduct, each set in

conflict with the others.

As part of our analysis in this chapter we classify each of
the non-metallic minerals and their derivative products
as to whether or not they represent an opportunity and the extent
of the opportunity for tiose products or projects having the most

pronise we also recommend the next steps to be taken.

B. NON-METALLIC MINERALS

Our analysis of the opportunities for exporting non-metallic
mincrals focused on the following:
1. Asbestos
2. Gypsum

3. Kaolin
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4, Limestone
5. Magnesite
6. Barite

7

8. Bentonite
9. Feldspar
0. Ocher

11. Quartz

As has been noted, place value or location of deposits near
large consuming conters is of vital importance in such industries
as non-metallic minerals. Many non-metallic minerals are low value
commodities, faily widely distributed, ani it can thus be expected
that transportation costs play an important part in thoir total cost
structure. A widely distributed mineral, such as commnon building
sand, or crushed stone, is not likely to be transported great dis«
tances bacause it woulq be uncompetitive beyond its local market.
Of course, it is understocd thet proximity to important mavkets is
always an advantage, even with such scarce commodities as asbestos
and copper. However, some minerals, even of low unit value, do not
have a widespread or [lavorable geographic distribuiion. Ve have to
take t*.m where we find them and if a more favorably located depo-
sit was to be fourd in quantity the economics of the wnole indus-

try would be changed.
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The relative importance of place value to the consumer 1s thus
a vital concept. Typically, place value is of paramount imrortance
for low prade clays, crushed stone, gypsum, ordinary grades of lime-
stone and lime, and of courne, sand and gravel. It is of lesser
importence for berite, feldspar, hizh grade kaolin, ragnesite and
special silica cands. Place value i3 of low importance for asbestos,

magnesite, special typez of bentonite and hich grade sheet mica,

Because place value is such an important concept for many of
the non-retallic minerals, we focused on the effects of Lransporta-
tion costs in our evaluation process. In Table 7, we indicate
railrcad freisht rates in dcllavrs per ton between major cities and
ports in Bolvia, Chile and Peru. These freight rates are for a
numver of selected minerels, &s well as for products to be dis-
cussed in a leter section of this chapter. In many cases, quota-
tions were not available for certain specific products or minerals
and cosparisons were made with some other products in arriving at
a rate. The cities that were selected represent hoth major centers
or mining activity within Bolivia as well as typical destination
poinis such as Pacific Ccesn ports. Teble 8 shows the truck rates
per ton-kilometer for cities within Foliria. Aithough not always
explicitly stated, consideration was given to a reduced transporta-

tion cost brought avbout by imp-rovement in the infrastructure.

In discussing raw material costs, some brief explanations of

onr aswmmpl.ions are required. Fon-metallic minerals that occur in
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FLTLROAD FRIZIGHT RATES

ot it fmeay e e e 1 — e (1D
DOLLARS/TON BRTULEN UAJTR CITIRS AND POFTS

Arica- La Faz- Lg Paz- Oruro- Cruro Oruro- Ceshabambha~ Cochatambe- Cochabamba-

La Faz Antofazasta Metarani 4trica tnteferasta  Meterenid ATica Antofepesia etarani
DISTNCE LLg Kn, 1,164 Kn, 804 Em 618 Km 930 Km. 974 Km, 824 ¥r. 1,126 tno. 1,18C Km,
Flat Glass 217,63 623,13 320,45 €22.34 £16.31 224,06 £31,06 823,49 £31.24
Container Glzss 21,18 1¢,56 26,85 23,61 26,15 22,63
Cerzr.t 12,76 15.84 17,29 15,84 14,02 20,37 21,82 20,07 26,35
Brizk- Cxcludirg glazed
end refractemy 15.29 19.8% 17.29 19,19 14,09 26,37 26,37 20,07 26,25
Ceramic Iile 15.39 23.13 2. 10 10,19 10,31 272.71 2h,27 27,40 20,89
Clay Relrecrories 12.76 19.8% 18,28 15,84 14,09 21,36 21.82 20,07 27.34
Pottery anc related 37.81 19,22 22.¢6 23,52 37.96 32,62
Frocusy s v2) 12,76 23.%3 18,47 15.84 16,21 22,58 21,82 22,k 20,76
Vitricus Murbing 17.63 27.13 28 .54 22,34 16,0t 24,06 21,06 778 22,78
Crdirsesy Table China 17.53 23,13 17,7 2.2 16.71 24,06 21.06 2%,49 32.78
i3 :.%rica) Fercelain 21.L3 2,13 23,54 26,85 19,06 PR 26,15 27.78 22,03
i3 12.76 19,84 17,596 15,84 14,09 22,92 21,82 20.07 22,89
tspastas Friction Netals 21,48 15.84 15,24 26,35 14,02 20,92 35,15 20,07 28,89
Ashescos Cosent Frod. 12.75 19,84 15,24 15,54 14,00 22,92 21,82 20,97 28.89
Pias.alu and Earths, Gencral 12,75 1C. 84 12,28 15.84 14,09 21,7F 21,32 20,77 27.34
No:-Jicy Relractories 12,76 19,24 18.28 15.84 15,06 22,76 21,22 20,07 27.3h
Kaolin 15,32 1G, 84 18,23 15,139 14,09 21.%6 26,3%7 20,07 27.34
Vagnecite 15,39 19,84 18,28 19.13 14,09 21,25 26,37 20,07 27.24
Ashestces 12,76 10,84 18,28 15,84 14,09 21,36 21,82 2C, U7 27.34
Bentraite 15,39 19,54 18,28 19.19 14,70 21,26 26.37 20,07 27.34
Chalk 21.'8 23,13 17.59 2h,R5 16,31 23.61 2h.15 23.49 31,09
Feldsper 15,39 19,24 18,28 19,19 14,09 21,36 2€.37 20,07 27,34
Quarts 15,39 23,13 20,10 16,19 16,351 23,71 26,37 23 .49 30.89
Oches 12,76 13,84 18,28 15,64 14,09 21,.%5 21,82 20.07 27,3k

(1) Where Rates were unavailable estimetes were made by cozparison with similar paterisls

(2) Upper figure refers to artistic pottery; lowerfigure to ordinery pottery.
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TABIE 8

PRINCIPAL FREIGHT TARIFFS BETWZEN MAJOR CITILS I BOLIVIA

(By Truck, in U.S. Cents/ton kilcmeter)

TARTFF DISTANCE KMS.

Santa Cruz-Cochahemba 3.49 500
Santa Cruz-Cruro 3.8 78

Santa Cruvz-La Paz 5.10 903
Santa Cruz-Potosi 3.22 TTh
Senta Cruz-Sucre 2.91 608
Cochabambe-3anta Cruz 1.27 500
Cochabamba-0Oruro 5.98 206
Cochabamba-la Paz 4.19 403
Cochabumba-Sucre 2,22 366
Cochabanha-Potosi 2.35 532
Oruro-La Paz 5.75 225
Oruro-Potosi 9.77 283
Oruro-Sucre 17.6 558
Potosi-Tarija 3.79 384

113



their natural state usually do so in association with other mate-
rials and the process of mining and recovery must include the
various stages of semaration, cleaning, crushing and grirding,

and benericiation that were described in Chapter TI. Some
minerals reruire more investment in time and labor in these pre-
paratory ctates than others; we had to assume a certain state of
preparation at which we could cowrpare costs on the most logical
basis. lle concidered that the most appropriate stege would be
when the mineral has been prepared for shipment, either in bags or
in bulk, end is ready to leave e Jocality of the mine. Ve
realize that the preparation n2zessary before this stage will vary
from mnineral to mineral: for example, kaolin may be used in its
general form without much preocessing, or it ray be fully ealcined
before shipment. Ve also realize that the degree of processing
carried out at one location will vary from mineral to mineral: cal-
cining may occur at the mine head or poszibly at a locatinn some
few miles away. For the sake of consistency, therefore, we took
the viewpoint of a prospective customzr and asked ourselves the
questicn that would be in their minds "what is the price I have
to pay for your material at the product stage at wvhich I could
use it, but before it is delivered to my plant?” It is in this
way that the prospective customer comperes prices from various

sources and is able to make a decision on allocating his custom.

Even by using this as a starting point, it was difficult to
arrive at prices for the individual raw materials. In some cases,

list prices for typical building materials such as cement and lime
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were available and could be conculted. In other instances, our
interviews in Bolivia and in other Andean countries gave us some
typical price structures for materials purchased by the munufac-
turing industry for use in their own processes. In many cases,
however, we found the required prices difficult to come by and in
these instances we have either used unit prices derived from trade
stetistics on consumption and valuz for the individual minerals,

or from our own experiences of world trade. Of course, the gquality
and quantity of the mineral hes a great effect on the price, and
some of the generalizations v+ 12 used are crude, at best. Vhere
possible in our report we have inuicated the degree of uncertainty

associated with our figures.

Tables 9, 10, and 11 present production and trade statistics
for each non-metallic mineral to be discussed. It should be
stressed that these data, based on government publications are in
some cases incomp.ete, and in some cases erroneous. They are sub-
mitted as & guide only. Before major decisiorg on identification
of opportunities were made, further investigations of market size

were undertaken.

1. Asbestos Fiber

Asbestos fiber is used almost solely in the Andean subregion
to manufacture asbestos cement products. Retween 1966 and 1968
total yearly consurption accounted for approximately 27,000 -
28,000 tons with a value of about US$6 million (TABLE 12). Colom-

bia is the largest consumer accounting for 13.0-16.0 t'ousand tons
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ASBSSTCS

BENTCHITE
CHALK
PZLDIFAR
QUARTZ
KacLud
IIAGNESITE

N
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QZHER RZrRACTORY

CATTHES

EATAm e A & mr e
FECUUCSTION & ThAT

STICS PO NON-METNILIC

[P
DTLERELE

i

PRTIC

05 - 1cio

(ETRIC TCu8)
ECL CHTL'_'.' FTRU _E_(_:E,iﬁ CNHLOUBIA
Fiod. Izpert fxrert Frod. Inoest Formoat Prod, leport Expert _ Frod, Impsrt  Export Prod, Irport Export
25 2 2 7442 (] 1663 3533 375 0 16534
0 0 0 2127 9576 0 116,645 S8 91,680 781 0 7400 11
1670 2636 0 805 16 467 0 3117
29 18 0 2070 15 520 0 19
1193 0 473 635 0 lgoo 113
186 157332 820 0 26 16 0 80C0 4729 29
53 TPy 280 0 117 1520 891 85 0 26,000 8l
11 ke73 Y 1270 4 0 120
11 211 0 11 0
31 19 37751 1053 14 29C000 680 0 1,384,000 %0

Qusntiti=zs in HFeiric Tons

Source: Published Data an Arthi D Little Estimates
\ere Dliks Appear, Statictics were not Aveilable
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TAELE 10

FROLUCTION & TRATT STATTCTICS FOR RCH W2TALIIC HMINCPALS

ANUTAN NIVIORS - 1607

BOLIVIA CHILE PZRU ECUADTR CCIL.CNEIA
Prod.  1mport  Erpore  Prod  Import  Export Frod,  Isport Exiort  Prod  Import bErrort  Trog  Import Exprrt
ASBESTOS g0co 2 1755 ) ) 0 11¢ ] 2228 0
TONS 4 1.6 8955 4210 62z 13,752
o 0 0 4504 1412 0 110,000 308 67,439 6007 8 0
BEUNTCNITE £000 L2 0 164 769 123 8 0 1% 4.8
TONS 604 3123 17,000 23C7 50 122 1405 102
CiirL¥ £C00 2 0 g Sk 0 0 8 d
TONS 35 229 2020 20
FZLDSPAR 4C00 o 0 5 L5 o 0 A5 0 s 0
TCNS s 32 2,500 805 5 18,500 43
HI-SI GUARIZ §c00 18 o] 1202 18 o] .15 o] o] o]
TCNS 183 150.2%5 .2 351 2 27,000
KacLIn® (VALUE)  &CCO L 0 16 0 169 0 5 0
*(JUANTITY)  TCHS 57 27,424 168 3543 372 25 11,000 2255 %6
WAGNESITE 2000 0 0 347 350 o 2 0 27 )
TCNS 2700 3234 7 190 70
CTHER 2000 8 0 4 ? 0 0 ' 0
TCNS 24 ? 17
ey T 339 8 180 0 0 295 )
TCH GE kS on 3008 7 527,000 69

¥ LU T THOUSAND DOLLARS- UlS,

GUANTITY I METRIC ¥CNS

SGHCE: PURLISHED DAPA AND ARTHUR D, LITTLE ESTTIATES
GFERE BLAWKS AFPEAR, STATISTICS WERE IOT YJATLAELE
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TAhELE 1

FRODUSTICH & 3TTIZTTCS FCR LCH-LETSLLIC NINERALS
Wil 1 TIONS - 1688
NINTRALS BCLIVI, CHlic PERU ECU:DCR COLZLiBIA
Prod. Import  Export Pred Inport  Lrrort Prog. _lmpsrt Exgort  Frod,  Tup.st Expore Peod  Impert  Export
A3ETSTOS (VALUE) 5000 0 .2 1734 0 701 0
(2aNTITY)  TOUS 1 ) 8660 3570
BARITE 0 0 Y 3986 66,642 7570
EENTCHLTE 5000 264 o 177 0 N/A 59
TCNS 6140 8540 1280 80,7
CHALK 4020 0 0 Wb 0 23 0
TONS 2 8430
FELJSPAR 2000 0 0 2 0 52 0
TOHS 935 12 1939 1470 22,000
QUARTZ €000 0 ¢ 2 0 n/a 4 o
TONS 144357 60 L2 : 43,000
KAOLIN £0C0 3 0 18 0 13 0
TCHS n 25,950 202 1024 292) 642 18,000
% ACIESITE 3000 ? 252 0 76 0
TONS 60 7000 1020
OCHER 7000 7 0 0 0 70 0
TCNS b 20
GTIXER REFR/CTCRY
E:RIH3 £0C0 2 o 13 © k7,914 122 4]
TCHS 25 81,092 133 2130 569,000
VALUD I OTHCUSIND LCTLenE - U-A.
TITY IN UETRIC TWNS
£: PUBLISHED DATA & ZPTHUR R 137.i. RTINS
BLANKS APPEAR STAT n2 WO0D AVAILGILE
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ROLIVIA
1966
1967
1568

CITLE
1966
1567
1568

PERU
1966
1967
1968

ECUADOR
1966
1967
1968

COLOMBIA
1966
1967
1968

TOTAL ATCOM
1966
1967
19€8

TABLE 12

APPARENT CONSUMPTION ASBESTCS

ANDEAN SUBPEGION

1966 -1968
Production Import -_Export _Consumption
Tons Ka}gg Tons ~ Value Tons Value  Tons Value
{329) (US$) ~ (Us3) (USF)
26 W:A. 2 N-A- 2 N.A. 26 N.A.

Y LA, 1.6 M.A. L 200 1.6 N.A,

1 i.4,  N.A. N.A. 9 200 N.A N.A.
WA, M.AL 7,hh2 N.A. N.A. N.A. 7,442 N.A,
AL .A. 8,995 1,75k, 7h6 NLAL HLA. 8,995 1,75k, Th6
n.A. LA, 8,660 1,733,992 W.A. N.A. 8,660 1,733,992
N.A. N.A. 3,533 N.A. N.A. N.A, 3,533 I.A,
N.A.  N.A., 4,240 852,000 N.A. N.A. 4, 240 890,000
N.A. N.A. 0 3,970 701,000 H.A. N.A. 3,970 701, 000
N.A.  N.A. 375 N.A. q.A. N.A, 375 N.A.
N.A N.A. 622 119,000 N.A. N.A. 622 119,000
1.4 N.A M.A. H.A. H.A. NLA N.A. N.A.
N.A M.A. 16,534 N.A. N.A. N.A, 16, 534 N.A.
N.A.  H.A. 13,752 3,233,000 N+A. N.A. 13,752 3,233,000
W.A.  N.A. N.A. d.A. N.A. N.A N.A. M.A.

26 N.A. 27,886 N.A. 2 N.A. 27,910 N.A.
L N.A. 27,617 6,001,746 L 200 27,611 6,001, Th6
1 H.A,  N.A. N.A. N.A. N.A. N.A. N.A.

N.A.: MNot Available

Amarcee: Offiecial Published Statistics



or roughly 50% of the market. Chile with a yearly consumption of
7.5 - 9.0 thousand tons or about 30% of the market is the second
largest consumer of asbestos fiver. In third place is Peru with

a yearly consumption of 3.5 - L.5thousand tons or sbout 15%. Pro-
duction of ashestos fiber during the 1966 - 1968 period was insig-
nificant and limited to Bolivia. Nearly all the asbestos fiber
consumed into the subregion was imported and used mainly in
scbestos cement products such as pipe and tiles. It was also used

in asbestos friction materials.

Nur analysis has indicated that there exists an opportunity to
exnrt asbestos fiber to the Andean subregion and to the world mar-
ki, provided that the quality of the fiber meets the needs of the
uesr industries particularly the asbestos cemént industry. The
reiatively small and declining market, for asbestc: textile products
makes them appropriate for serious consideration as an apportun

nity.

There is little or no question that Rolivia does have signi-
ficant asbestos resources compared with most South American countries.
The only question that remains 1is whether the Tiber is suitable for
the production of asbestos cement products. The fact that the
fiber is blue and appears to resemble South African asbesbos, which
is well established in world markets, has led some individuals to
the premature conclusion that this Tiber is appropriate for ashestos
cement. Our interviews with professionals in the industry indicate
that the fiber available in Rolivia is low in tensile strenghh and

not suited for ashestos cement prodncts.
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Another factor supporting our conclusion that thero mmy be
en opportunity for Bolivlia to export asbestos fiver is that &his
product can support the high transport cest required to ship it
to the Andean subregion and world markets. The current price
for asbestos fiber utilized in asbestos cememt products is betwoen
US$150 and US$250 depending on the exact grede. The freight cost
from Bolivia to the coast 18 about US$20/ton and therefore, is
ralatively small compared to the selling price. As a result, if
e proper quality material is avallable the development of a large

iocuctry is quite possible.

“¢ the fiber availablie in Bolivia is not of a grade appropriate
£.c +»o production of asbestos cement products, the industry will
co - iive to operate as it has in the past. Under these conditions
t-: “-dustry will probably be very small using hand labor for

picking rocks.

2. Barite and Bentonite

One of the principal uses of these two minerals is for oil
drilling muds: bentonite is used as a colloidal mud that swells,
lubricates the drill, and seals the wall: barite is used to reduce
the gas or sand pressures around the drill, end to give added
weight to the mud solution. For these uses, a very high quality
bentonite is required. A measure of its gquality is the yield in
barrels of water, per ton of bentonite, that is required to give

the necessary suspeusion. Thus, Rolivian Lentonite has been
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tested to give a recovery of 70 barrels per ton, as compered to
mineral imported from Mandoza, Argentina, vhich gives a higher
yield of 100 berrels per ton. This imported material is at a cost
of $30 per ton, f.o0.b. Mendoza, with added freight of $30 a ton to
Santa Cruz. UWhile it is known that Colombia and Fenador avc essen-
tially importing their requirements from the United Sates, it
would be safe to say that a Bolivian product could not compete on
the basis of freipght with those suppliers, Peru has its own ex-
tensive resources, but still is unable to compete with Argentine in
supp'ying Chile's needs. It is unlikely that Bolivia could do so,

either, under those circumstances.

Production of barite in Bolivia is helieved to be about 5000
tons per year. Although the capactity of the prnducing company,
San Onofre at Cochabamba, is capable of being expanded to some
9000 tons a year, the market potential for a Polivian preduct
in the other Andean countries is not good. Chile produces some
L500 tons each year and Peru over 100,00C tons. Colombia is also
producing some 6,000 to 7,000 tons cach year and the only importa-
tion of any substance is some 1400 tons by Chile from Argentina.
Further, the present price of Bolivian barite at $40 per ton
f.0.b. Cochabamba, makes this an uncconomic material to market

competitively outside Bolivia.

Our analysis thus indicates that parite and bentonite

opporti tips frave Wi ntmim promise.

122



3. Quartz and BResalt

Baselt, a crushed stone used as an aggregate in concrete manu-
facture and road construction, is a low value, high-bulk, product
that is extremely sensitive to transportation costs. It is a
hirshly substitutable material, with other alternative minerals
frequently being found at locations close t> the required cons-
truction site. Tts price of approximately $1 per ton at the
quarry can be easily doubled by truck transportation rates of

4.5c ver ton kilometer. As a result, it is unlikely that an

opportunity exists for the export of basalt to the Andean subregion.

The commercial enviroument foi auvartz, or common sand, 1is
similar. Industiies, such as glass manufacturing, that use quartz
are generally established close to the source of a good raw mate-
rial as transpor.ation costs must be minimized for such a lov
value commodity. In the case of brildinz sand, local pits and
quarties are frequently available to supply current requirements.
Wrile markets might exist for high silica quartz, there are no
indications at present that such a material, having a silica con-
tent of 987 and higher, is available in Bolivia and ve believe
that such a level of quality must exist Lo create an opportunity

in export market.

4. TFeldspar
Our market analysis has indicated that a large part o: the
total market in the Andean subregion is supplied from local sources

at prices averuging US$20 - US$u0 a ton delivered to the customer;
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v 1) mesntitize of hich pgrade feldsmar minera) are also imvorted

by~

into the Andean group at US$10C to US$14O per ton.

Tha fizures below are indicative of the market situation for

feldspar in Colombia, Chile and Peru (all figures are in metric

tons).
COUNTRY PRODUCTION IMPORTS APPARENT CONSUMPTTION
CHILE
1667 871 32 903
1558 935 12 ol
PERU
1967 2500 805 3305
1968 1889 1470 3359
COLOMRIA
1967 18500 43 18543
1063 2200N -- 22000
TOTAL
1967 21,871 8€o 22,751
1968 24,824 1,482 26,306

Apparant consunption for the three contries was 27,751 tons in
1957 and 26,306 tons in 1968; Colombia was the largest consumer,
accounting for about 80 - 85% of the total. Peru was the second

largest consumer of feldspar.
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The data also indicate that about 95% of total requirements
were supplied by domestic production. Colombia and Chile supplid
virtuaily 2ll their needs loecally. Peru imported nearly 25% of
its needs in 1967 and L5% in 1968, primarily fCrom the U.S3. Our
field work indicated, howecver, that Peru has located and started the
recovery of zn excellent aquality feldspar which will reduce the
price to about UC$T70 per ton delivered to the plants versus the
US$100 per ton CIF Lina they currently pay for the imported high
grade feldspar. Another factor tendinz to minimiuze opportunities
for exporting feldspaer to Peru is that as with kaolin and other
clays used in the ceramic industries, manufactuvers of ceramics
products in Peru are attempting to minimize tre quantity of mi-
nerals they import and there appear to be adaquate resources in

Peru to meet their immediate nzeds.

Tn Polivia the establishment of a creramics industry would
encourage the development of feldspar resources for domestic use.
If this does not occur opportunities for further development ere

very limited.

5. Gypsum

Cruds uncalcined gypsum is used as a cement retarder or &s
an agriculturel product and is generally valued at 15$3-5 per
ton vhen it is ground screened and packaged. Calcined #ypsum
is used in relatively small quantitiec for industrial molding,
plate zlacs and the like, and is valued at Ust20-30 per ton.

As a plaster, gypsun is valued at 13320 per ton, and as a
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prefabricated product -- usually gypsum willhoard at Ucslo rer ton.

Cynsum wallbeard production does not represent o promising
opportunity for Bolivia at this time because of the jnfreguent
use of woodframe construction -- the principal parket for such
gyosum board -- coupled with the relatively low cost for plaster-
ing in Bolivia. Gypswn board is cesentially prefabricated vet

plastering, and is only economical where labor costs are high.

The specielity calcined gypsum often vepresents less than 1%
of the total gypsum murket, probebly less in Bolivia, and is usual-
ly an incremental business. Therefore, the Bolivian gynrsum indus-
try would have to look to plasters as the principal product for

domestic markets.

There currently exist in Bolivia a number of small gypsum

facilities caleining gypsum and making plaster. These industries

are relatively emall and are meeting the needs of the market.
Furthermnre, becuase of world prices of US$3-5 per ton for the
raw gypsum, because of the high freipght rates vp to
approximately US$20 per ton, and because of the readily available

gypsum in neighboring countries, the opportunities for exporting

crude gypsum are not attractive.

Gypsum plaster currently sells for US$18-20 per ton in Boli-
via and in the neighboring Andean countries. Therfore, it is

wholly unrealistic to consider promoting domestic gypsum in Andean
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countries, let alone the world market when the freight rate out-

side of the country would doble the delivery price over the current

price.

The gypsum industry in Polivia, thus will remain domestically
oriented and at present does not represent an opportunity for
expansion or consolidation. perding a detailed analysis of the
technological, econonic and growth trends in the domestic cons-

truction industry.

6. Kaolin

Kaolin prices vary depending on the stage of processing, and
range from about US$15 per ton for a general purpose kaolin to
US$60 per ton for a newly calcined product. Prices of locally
produced kaolin in the Andean countries that we visited were
about US$20 per ton F.O.R., the plant, while imports varied from
US$LO per ton to US$90 per ton at the port of entry for high grade
kaolins. Bolivian kaolin is mostly available in the department of
Oruro and transportation costs from there to a coastal port such
as Arica would be Us$19 per ton. Thus,on the basis of price, a
kaolin material of the reauired quality coud be competitive in
Peruvian and Chilean markets ith kaolin imported from other coun-

tries, but not with the domestic production of those countries.

An examination of trade and production statistics indicates,
however, that relatively small amounts are imported into the Andean
subregion and that most of their local demand is supplied by domes-

tic sources.



In Chile, for example, 00 tons were imported in 1668 as ccmpared
to 26,000 tons of domestic production. In Perd nearly 3,000

tons of kaolin were imported in 1968 versus 1,000 tons of domestic
procduction. The relationship between imports and production in
1968, however, is significantly higher than in either 1966 or
1967 and the high imports may be due to a statistical error.

Our interviews with kaolin users in Peru indicated that they are
very satisfied with the quality of demestic kaolin and that they
are making conscious efforts to purchase all their requirecments
locally as the output of suppliers increases to setisfy demand.
Similerly in Colcmbie almost all the demestic requiements of

kaolin are satisfied locally.

In surnary, based upon current and expected future require-
ments cof kaolin by Andean countriec outside Bolivia, opportunities
for export are very limited. In the event that a refractory and/
or ceramic business is established in Bolivia, there would pro-
bably exist some opportunities for locally produced kaolin, as

current average prices of the imported mineral are Uss75 per ton.
7. Limestone

Limestone, a naturally occuring mineral, is used in procti-
cally its pure form by various consitruction industries without mch
initial processing. Its use in thece construction markets, including
the cement industry, has been referred to in a previous chapter.

As a calcined lime, the product is used in addition in many chemicsl
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and refractory industry applications and opportunities for it will

be considered in a subsequent section of this report.

8. Megnesite

The magnesite deposit in Bolivie presently under consideration
for development and utilization in the SIMSA plant is in the upper
Chapare district of Cochabamba. The deposit is a replacement in a
doleomite - limestone ore body. It occurs close to, and at times
with, deposits of blue crocidolite asbestos. Reserves have been
estimated at 2 million tons by GEOBOL. The rock contains a high
content of quartz as well as some dolomite, calcite and various
micas. We indicate below the chemical analysis of scme samples of
magnesite from the Chapare region, which, although not necessarily

typical, are indicative of the quality available.

510, 6.2%
A1,0, 0.7%
Fe,0, 0.9%
Ca0 1.7%
Mgo Ll 49,
Na,0+K,0 1.2%
co, 6. T%
504 0.3%

Because of the high silica content and other impurities in
the above analysis, the relation between the value of the processed

magnesite in the form of brick or calcined grain, and the type of
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nagnesite available at Chapare is largely unknown. There iz, for
example, a beneficiatior problem that needs to be solved. This
probiem involves the removal of silica and other impuritiecc from the
magnesite ore so that the inagnesite concentrate can be calecined and

then converted into 2 valuable and desirable conmercial preduct.

As discussed in Chapter II, calcination burns off the impurities
with a consequent douhling of the parcentape oI MgO magnesia content
in the resulting product. In the above analysis the MgO percentage
would increase from uLh.L7% to W%, Unfortunately, silica is not
burned off in the caleining process and it would increase from 6.2
in the unburned basis to 11.7% of the burned magnesia grain. As
mentioned previcusly, the cptimum Ca0:Si0, ratio is 1.86:1, while
the ratio in this particular mnalysis is 0.27W:1, thus emphasizing

the hicgh silica impuritics in this analysis.

As far as is known, requirements of magnesite by the other
four Andean countries are almost entirely imported and amount to
gbout 9,000 tons each year. Both, Chile and Peru import about
3,000 tons of magnesite, and are the majcr importers. One company
in Lima, Refractarios Peruanos (REPSA) imports 1,500 tnns a year
of a 93.5) Fg0O and claim that their requirements are incrensing
year by year as the demand for their refractory bricks inecrcases.
They are presently paying Us$ob per ton, importing from the US into

the port of Callao.

In Santiago, Refractarios Chilenos (RECSA) is ctrrently in

the process of putting onstream a new plant to produce basic
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refractories. This plant will have an initial capacity of 20,000

tons per year and raw materials are to be imported from Brazil,
Japan, Mexico and the ilnited States. It is anticipated that some
8,000 tons of magnesite will be required and this company is

anxious end ready to consider Andean countries as alternatives to
their presently plenned sources ot supply. They stress, however,
that the quality of the materials they are secking should be of high
purity and magnesium oxide content, The major competitor to this
company in Santiago, Refractarios Lota-Green, is watching RECSA"s new
facitity with interest and they may consider the exvansion of their
present clay refractories plant to include the preduction of gpecial

refractories; they, too, presently import their magnesite requircments.

In general, the refractory industry »f the world is expected
to require increasing quantities of highev-purity magnesium oxide,
such as that which can be made frem sca-water, doleomite and various
brine solutions, because of the increasingly stringent rvequire-
ments for the brick. Coupled with this demend for a higher gquality
product is an increcaced knowledge of the advanteges of high-purity
magnesium oxide used for basiec refractories. This will lead to

increased preduction of magnesium and the consumption of magnesia

for refractories is expected to increase at scme 7-8% per year,

Ve understand that the proposed SIMSA plant will have a ca-

pacity of at least 30,700 tons | v year and it is apparent that the

iming extend beyond the Andean countries.

markets at which they are a

The planned capacity is only just eguivalent to the minimum
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economic scale of plant thnt could be considered for such a facility.
It is likely that the costs of production of the nagnesite grain
will be opproximately USSTS per ten. I the world market, magnesite
prices range Trcm UsHs0 to US$CO per metric ton depending upon

quality, and US320 to US$125 for the premiwn material.

Table 13 presents the order of magnitude of the costs for
rroducing magnesite grain. The data indicate that & large plant of
40,000 tons per year could producc maghesite grain et UsSE65 per ton
or a price competitive for quality magnesite grain in world mavketa.
Table 13 slso indicates the sensitivity of prices to volume of cal-
cining magnesite. The costs of producing a ton of magnesite in a
1,200 ton plant are USH200 or nearly three times as much as in a

40,000 ton plant.

Yhether Rolivian magnesite can compete successfully. in both
the Andean and world markets will depend very largely on the MeO
content of the grain end on the eliminaticn of the silica in the
process. In summary our analysis has indicated that there is an
excellent opportunity for the production and export of magnesite
grain to the Andean and world marhets, provided Bolivia can produce

the grain of the quality required.

9. Gcher

As indicated in Chapter II, the use of ocher is declining
rapidly end Peruvian ocher is one of the better known in the
world. As far as cen be ascertained, the imports of ocher into

the Andean countries total no more than SO to 8O tons per year



TABLE

13

ORDER OF MAGNITUDE COSTS FOR PRODUCLIIG MAGHESITE GRAIN

(VALUE IN THOUSANDS Or U.S. DOLIARS)

ASSUMPTIONS:

COoTS:

Annual Production

Investment

Raw Materials
Operating Supplies
Labor

Maintenance

Utilities
Depreciation-Insurance
Total Costs

Cost per Ton
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1,200 tons

700

25

200

40,000

1,800

400
8o
200
80
1,300
_50
2, 500

65

tons



On this basis, market opportunities, especially with a reduced

rate of growth expected, are not very bromising.

C. FPRODUCTS DERIVED TROM NOW-METALLIC MTWERALS

As was stated earlier, the true potential opportunities for
Bolivian industry will not be in the development end marketing of
essentially low value, non-metallic mineral resources, but in the
manufacture aund distribution of selected prodncts dervived from
these minerals. In this sectinn, we repeat the process gone through
in the last section of this chapter, only this time with emphasis
on the products themselves rather than on the minerals. hese
products represent the type that can be manufactured from those
minerals that appear to be available in sufficient quentity and
quality in Bolivia for the required industry. They lall into

seven major groups:

1. flat and container glass
2. cement

3. common brick

L, ceramics

5. refractories

6. lime

7. asbestos prcducts

Within each group a number of different opportunities exist.:.
Por example, the ceramics group includes pottery and related
products, vitreous plumbing, vitieous table china, ceramic tile

and eleclrical porcelain products.
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The market for ncn-metallic mineral products is swmarized in
tables 14,15 and 16 which present production, import and export
statistics for each of the five Andean countries in value and in

tonnage for the years 1666 through 1968.

In the discussions that follow, we will be considering each
market by individual products rather than by product groups as it
can generally be stated that 1ittle inter-product synergism exists
at the production level.. One plant is not likely to be producing
all types of cerawic products, for exemple, as the technology,
skills and equipment are very different. (An exception is the
refractory plant in which both clay and non-clay products can be
manufaclured interchangeably in the same facility; the only dif-
ferences occur in raw materials and not in the products or process).
During our work we have examined a number of reports that refer to
feasibility studies or investment decisions that have been made o#
considered by the Bolivian Covernment and other Bolivian agencies
for the establishment of plants within the next few years. Specific-
ally these reports include one by the Bolivian Development Corpo-
ration (CBF) that deals vith the establishment of the various
factories for the production of cement, window-glass, ceramics,
etc. A second report is in the form of a Memorandum to the Ccm-
mission of lon-metallic Minerals for the Operative Secretariat of
the Union of ALALC, and deals with various projects concerning
asbestos, diatomite, flat glass, ceramics, cerent, bentonite,
barium sulfate, etc., The third, the National Plan for Bolivia,

itemizes a number of industrial projects in the area of construction
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FLAT GLASS
CCHTAINER GLASS
CELIENT

BRIOH..TYCL,
BLAZL™ &
REPR:CLURS
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LarPRIALS

TALLE 14
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TAFLE 12 (CONT,)

= b = ECam COLCYETA
Pred. Impor: Evport  Preds  Import  Evport = TProd, = Import _Export ~ Prod Imgost | Exrort Pred, Import _ Export
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PROTLCIS 1.5 o 4o 0 68 3220 0
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T:RLE 15
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materials and non-mztellic minarals, and defines the location, in-
vestment, production capacity and products, and markahs cxnel oo

to T meond, tomether with the expected date of completion. Vhere
relevant in this secticn, we have obviously taken these proposed
fasilities,into account in our discussions. Essentially, howaver,
our eivronch in similar to thet adopeted in the last section: Ve

exemined the markcts and cost ctructures for the various products

and evaluated the opportunities for fhem.

1. Cless

On Table 17 we present data@%m imports, exports, and production
of flet glass in the Andean subtiregica. Imports of flat glass in
1066 were 13,161 tons, in 1967 they amounted to 15,335 tons with a
value of sbout USES million. Peru is by far the largest importer
with 5,750 tons in 19¢6, 6,650 tons in 1967 and 4,970 in 19G8.
Reuador is the next largest importer with 2,773 tons in 1066 and
3,120 teons in 10A7, follawed by Cclombia with 2,000 tons in 1966
and 2,359 tons in 1967, Polivie imported 1,770 in 1966, 2,430 tons
in 1957 and 2,300 tons in 1968, Chile was the least important
importer of flat glass in the subregion with 863 tons in 1966, 786

tons in 1957 and 1,200 tons in 19(8.

Colombia is a major producer cf flat glass in the Andean sub-
region. One ccmpany vwe interviewed hes a capacity of 2h,000 tens
per year. The majority of its production remains in Colombia, but
its products are also exported to the Caribbean, Venezuela, Icuador

and the Urited States. This commany is presently entering into an

(1) ‘Uhere blanks appear on the table it signifies that we were not
able to obiain statlictics.
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TABLE 17

IMPORTS, EVPORTS i PRODUCTION OF FLAT CLASS

ENDEAN SUBREGLON

1966-196Y
gzgggction Import E:mort
Tons Value Tons Value Tons Value

(Ush) (Us§) 10e)

BOLIVIA
1966 oA mWAL. 1,770 TLA. M.A. N.A.
1967 R LA, 2,450 376 N.A. N.A,
1968 M.A. N.A. 2,300 433 N.A. N.A.
CHILE
1966 2, Lok® N.A. 853 HOA. MLA N.A.
1967 1, 7708 N.A. 136 510, M.A. M.A.
1968 N.A. N.A. 1,200 693 i.A U.A.
PERU
1966 M.A, M.A. 5,750 M.A. N.A. MN.A.
1967 N.A, 2,253 6,650 2, 420 N.A. N.A.
1968 M.A. H.A. 4,900 1,310 M.A N.A.
ECUADOR
19¢6 MJA. A, 2,778 W.A. N.A. M.A.
1967 H.A. W.A. 3,100 1,000°  H.A, N.A.
1968 HoA N.A. N.A. iT.A, il.A, M.A,
COLGHBIA
1966 M.A. i.A. 2,000 I1.A, H.a, N.A.
1967 I1.A. 2,78 2,3 718 5,569 731
1968 M.A. N.A. N.A, M.A, N.A. N.A.

H.A,: ot available
. 2
a: Thousand meters

E: Estimate
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expansion phase by which it is planning to cohle Pin ¢

within five years.

Teuacer which currently imports approxinately 3,000 tons of
flat glass annually, vurchases Lo-50% of its requirements from
Colombia. Our interviews, however, indicahed that two ccmpanics
are planning to establish a flat glees manufacturing plant to hegin
operaticn: in 1272, using locally available raw materials which
will sugply all the recuirenents of the domestic market and elimin-

ate imports.

Peri is a large producer of flat glass; in 19G7 they produced
approximately Ust2.3 million he industry is currently in a position
of overcapacity and is capable of exporting 2 part of their pro-

duction. The glass they prcduce is of low guality.

Chile has two flat glass companies; one i8 relatively cemall

and ancther is quitle large.

Production statistics indicated that Chile in 1966 produced o
million square meters of flat glass and in 16567 neerly 1.8 million

square neters.

A1l existing facilities in the subregion ulilize the Drcault
process. Howaver, our interviews indicated that a larpe company in
Ohle widich ig assccisted with e foreipgn glass manufacturer is con-
sidering the prssibility of a rew plent using the Pittchurg process.

If these plans are realized Chile would be in a geod position to supply

the Andean subregion with ccme of its requirements for glass not now
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supplied by the existing industry.

The above anelysis indicates that it is unlikely that Bolivia
has a very prcoricing onporturity to produce flat glass by the
Forcault process with the aim of experting to the subregion, On
the other hand, there is an ovportunity for Bolivia to establish

a flat glass pleit oriented to its internal market.

Bolivia's demand Tor rlat plass is presently about 2,500 tons
per year. On the basis of the estinated crowth rate of the cons-
truction inductry (the primary market for flat glass) we have pro-
jected a demand of 1,000 tons by 157%. This volume is sufficient
to justify a minimum econcmic scale of plant. Given the require-

ments of the market, the Forcault process would probably be the

best alternative for Relivian consideration at this time.

In Teble 1€ we irdicate order of megnitude costs for the ope-
ration of such a nlznt.The data suggests that assuming a o7, yield,
the plant could preduce glocs ab U, g, $0.13 per square foot

which, with apnropriate profits and distribution costs, coula

compaete with imported glass.

We could not estimate, at this time, the market for specialty
glasses and for glass manufactured by the Pittsburg process since trade
statichica were not suificieuily broken down in the required
detaii Tor this analysis. Cur interviews, however, indicated that
at present Pittsburg glass and specialty glasses are not producedin

+he subyegion, hat ave imported Crem third countries. 1t is possible
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TABLE 18

CRDER OF MAGTITUME CCSTS FOR TRODUCTUG FLAT GLASS

4

(VATUR Til THOUSYTS OF U.S. DOTIARS)

ASGUVPTIONG: Opevation -- 305 days per year -- (0%, yield at
3,700 tons or £€0,000 cases 2 mm equivalent thickness

INVESTMENT 2,25 million

COSTS
Rew liaterials 1ho
Labor 165
Utiliwies 175
IMaintenance 225
Operating Supplies 31
Pezking &o
Insurance & Depreciation £25
Total 1,041
Cost per Case $13.30
HATERTALG:
Sand 39
Dolcmite 8
Limestone 1
Feldspar 2
Soda Ach 70
Salt Cake 2
Sodium ilitrate . 5
Miscellaneous Firing Agents 13
Total 1Lo
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thet there might be an opportunity to install Tacilities in Bolivia
to prcduce both Pittsburg glass and gpecially glasces and supply
both the domestic and exrort markets. Before this opportunity is
confirmed, hovever, a dntailed analysis of the economica under-
lying the manufacture of Pittsburg glass and gpenialty glasses
would be required.

2. (laes Containers

%]

Tre pglass container industry is relatively well estahlished
in all of the Andean countries. In Colcmbia, one manufacturer,

with a combined capacity of 8,hC0 tons from 3 ylants, supplies about
907, of the country's requirements. e is currently in the process
of dcubling his capacity by 1975. In contrast to this, Colcmbian
exports are a modest 2,500 tons per year, mainly to neighboring

countrias such as Feuador, Peru and Chile which also have manufacturing

Tacilities.

At precent, Bolivian operctions produce some 5 million glass
containers each ycar, or about 2,500 tons. The capacity of this
hand forming operation is reported to be about 9 million containers,
and this under utilizstion would suggest sufficient capacity for

increases ‘in demend within the next few years.

3. Cexent and Cemmon Building Brick
Thece basic preducts are referred to in a previous chepter
dealing with the construction inductry end should be considered

along with our recommendations for that industry.
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L. Vitrecus Plunbing

At present, Bolivia imports 60C tons of vitreous plumbing
each year, at an average price nf Us$590 per ton. This volume
represents approximately 30,000 sanitary ware nileces J/ 2ssuning
that each ton consists of S0 pieces. Demand for vitreous plumbing
products is closely related to activity in the construction sector
which is expected to grow in Bolivia at a rate of 109 per year.
On this basis we have projected total consumption at 925 tons by

1973 and 2,500 tons by 1985.

With those projections in mind, the plant proposed by the
RBolivian Strategy for Development, end in various reports of CBF,
which has a planned annual capacity of 1,000 tons by 1973 appears
to have a domestic market sufficient to absorb ibts ocutput. Our
experience, hovever, has indicated that the minimum required ca-
pacity for a sanitary -rare plant is about 2,000-5,000 tens annually,
depending cn the kiln Q/Qn this bacis the Bolivian market would
not be capzble of supporting an econcmic plant for some yeers.
Consequently the viability of this project would in part depend on
exporting the excess capacity to the other Andean countries, at

least until Bolivian demand rises to meet prcduction capecity.

E/ For purposes of our discussion we have defined a sanitary
ware piece as being a hard basin, bidet or toilet bewl; each
piece obviously has a different unit waight but on the average
consist of about U0-L5 pounds of ceramic per piece.

g/ The kiln is the most erucial purtion of a vitreous plumbing

plant, since it determines the plant's capacity. The kiln
should be heated up and operated continuously.
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Our investigations of the vitreoos plurbing industry in
Coloﬁbi;, Chile, Perﬁ ;ﬁd Ecuador indicate that a shortage of
supply does not exist abt present, nor isit likely to exist in the
near future. In Peri, the two major manufacturers each have an
estimated cepacity of 300,000 units a year, for a total of
600,000 units, while demand at present is only 180,000 units. It
must bz noted however, that Peruvian demand of 180,000 units a
year is not indicative of the actual market inasmuch as construction
activity has been at low levels recently; in past years total demand
has been as nigh as 400,000 units a year. This cemond, however,
still only vepresents two thirds of Peruviar capecity. As a result,
even though Perd exports small quantities of their excess capacity

to Ecusdor the existing industry is still operating at a severe

undercapacity level.

Chilean demand for vitreous plumhing products is about 8,000
tons (420,000 picces) a year and is about equal to totel production.
As the Chilean market expands, there will be a need for additional

domestic production, or imports.

OQur field work indicated that the American-Standard Company
of the United States has been considering the possibility of
esteblishing a production facility in Chile to supply that market.
Vhether they implement their plents or not at this stage is difficult
to say; it would appear more likely that Peruvian .nanufacturers

would be able to export to Chile as demand there increases.
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In Colorbia, two wanufact ver: meeh the corrtyy!s anmual
needs of about 14,000 tons a year, and are able to cxport a
further LOO to SO0 tons to other ccuntries. The major importer
of Colombian produckts is Ecuador, where there are currently no
production facilities, although one potential uscr is currently
planning to cstablish a plant. Tt is likely that vitreous
plumbing products will be menufactured in Ecuadorian factories
in about one year. Current Ecuador immorts are from Colombia,
Crechoslovakia end the United States, at an annual rate of about

900 tons.

In the table below we show the balance of procduction capacity,

demend and excess capacity for the Andean countries.

Production Cepacity #stimated Demand Excess Canacity

(Tons)
Bolivia - 650 (6%0)
Colommbia 1k, 500 1k,000 £00
Peru 10,000 3, 500 6, 500
Chile 8,000 8,000 --
Ecuador -- 200 (900)
TOTAL 32, 500 27,050 5, 450

This data indicates that there is presently an excess capacity
of 5,500 tons in the Andean subregion. At projected grewth rates
of about 77 ver year Tor the erca, the present production capacity,

excluding the planned plant in Fecuador, will begin to be totally
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utilized by about 1973-167h and chew a denand gep thercofter. It
would se=m that opportunities ma3 then exist for a Bolivian facility
to mzet the excess demand situation. Transportation costs would

not present a sericus problem since they are 115430 per ton from
Cochebamba to Arica and only represent 12/ to 15% of total FGB
prices. On the other hand, ond more likely, the existing industry
in each country isinu good position to expand its capacity to meet

rising demand.

Our suwlysis, therefore, has iandicated that opportunities
for export of sanitary ware to the other Andean countries are
limited and & plant in Bolivia would need to sell its product on
the domestic market. It was earlier detemined that the Bolivian
market at present is 650 *tons and that it would grow to 2, £00
tons by 1985 and since the minimuam econromic scale of plant 1s
2,000-5,000 tons the establishment of vitreous plurbing facili-

ties will not represent an opportunity for a number of years.

5. Ceramic Tiles

Largely bhecause the other Andean countries are meeting their
demand from demestic production, the opportunities for a ceramic
tile facility in Bolivia must be considered sclely in the light of
donestic demand.. The preducts referred to in this category are
generally used for wsll and floor coverings; the weizht of these
tiles averoges 11.1 kg. per square meter. Generally, thece tiles

are 10 centimeters saquare, and average 88 gquare meters to the ton.
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The market growth rate of ceramic tiles will closely resemble
that of the construction industry, assuming a constant penetration
into the available market. Total Bolivian demand  is currently
sbout 750 tons a year, and 1s projected to reach 1,100 tons by
1972 and 3,750 tons by 1965, Presently the average price of tile
in La Paz is about $600 per ton. The manufacturing operations
for a tile plant are largely labor intensive and require a relative-

ly low investment.

Our investigations indicate that there are plans for the
establishment of a ceramic tile plant in Bolivia for 1972, to be
located in Cochabamba. The capacity of this plant is projected
at 1,000 tons and the investment a% 0.9 million. lowever, the
operating costs of a plant with such an output would mean that
the selling prices of the tiles would no* be reduced much below
the $C00 per ton level. As the capacity of such a nlant would be
fully utilized by the time it was constructed, we suggest that the
Bolivian Covernment consider the possibility of installiing a larger
facility, perheps with an output of 1,5C0 tons per yvear. Table 19
presents order of maguitude costs for a plant producing 720 tons
and 1,500 tons of ceramic tile per year. The data indicates that
substantial econcmies of ccale exist in operating the plant on
one shift producing 750 tons or two shifts rroducing 1,500 tons;
in the former case the cost per ton of output is USH56E0 while in

the latler case it is U3elS0 per ton.

-
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TEELE 19

ORDCR OF MAGITITUDE CORTS N3 FRODUCING CFRAIIC TILE

{VALUE IN THOUSAKLS OF U.S. DOLLARS)

ASSNTIIONS ;

Annual Froduction 750 Tons 1,500 Tons
Investment 825,000 825,000
Operation ] shift 2 Shifts
COZT8:

Materiels €0 120

Labor 115 €00
Utilities 70 1ko
Operaticn Zupplies 20 35
Maintenance 75 125
Packing 10 20

Depreciation, Insurance

& Tares 82 100
Totzl Cost 432 740
Coct per Ton 580 Lo
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6. Pottery and Pelatcd Preducts

Ve pote with intercst the propoced establishment of an artissn
workshop in Bolivia Tor the training and instruction of personnel
in the production of pottery preducts. Ue consider this lov in-
vesgtment approacin a worthwhile one for Bolivia and . one hat
should enzble the country to produce on a small

scule thie high ems that can frcguently be cxported to

many ports of the world. Such items as urns, vases, and fired
eurthenvere are popilar purchases by tourists and the artisan
vorkshop could evertuslly form the basis for a small, but prefitable
industry. Thiz area of' production should be considered on the

basis of' low investment and local industry and not as one geared

to meet the denands of o mass market.

7. Tlectrical Porcelain Products

The marnfacture of preductis for use in electrical installa-
tions requires a great deal of sophistication and product know-
ledge. Certain specificetions and reauirements must be met with
accuracy nnd it aryeors premature tha* a facility for Lthe produc-
tion of theze products zhould be corsiderced before the establish-
ment of o more basic ceramic industry in 7nlivia. Such a basic
indusiry wvould cemmence with the production of ceramic tiles,
vitreous canlterey wars and, possibly, teble china, and covld
proceed 2t a later dote (at least five years alter initial nreoduc-
ticn of the mere basic vraducts) to the consideration of clectrical
porcelizin products. slthough there arce no ypreduction econonies

possible by an intergrated ceramic products plant, Rolivian industry
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would, over the course »f time, accunulate a great deal of expertise
and knowledge of the quality of 3clivian mirerels, and the produc-
tion processes involved before s commitmernt to sophisticated
proness. Turtler, the marliets for these preducts would have
increaced greally as the r~icing standard of living of the Andean
countries produces a greater demand for the supply of electricity.
At present, dcmesiic demand of scme 200 Llons per yewr, together

with the linited imrorts of other countries, Aoes nol make this a

£. Asbestos Preducts

Products included in this scction are asbestos friction ma-
terials and various asbestos cement vrcduchks such as pipe and tiles.
In part, opportanities 'or these wroducts depend on the quality of
asbestos available in Zolivia and the conclusions of the earlier
section denling wiih the evaluaiinon of this mineral are arplicable,

A seccnd, majer, ceonsideratien must be the market potential for

these preducts should the ashestos itself be of the required quality.

Truopination of the market data presented eariier and the re-
sult of our interviewrs in other Andecen coruntries would indicate
that markets availasble v r Bolivion asbestos cement are limited,
Manufacturing toecilitiers cxict in all of the Andean countries
ineluvding ¥ livia a2and imoorts are modest. At lcast one plant in
Colembia, Chile, e, end Feuador is controlled by Eternit, a
Jarge Turopean company whicli holds the licenses of many asbestos

cowenl products.,
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manufacturer in cach of the Andean countries. The indicuated ennual
demand in "hlivia of about 839 metric tons (G00, 000 ujcces) in Ro-
1ivia also inylies fhat only w ormell percentege ~f the capacity of

a new plant,crorating at minimun econcmic acale, would be utilized.

in Coleonhia and in Chile,

]
]
«Q
1
-

.o owith 9,000 tens

all supnlicd Ly local v roduction,

10. Refractories

Threc marutacturivg rlants for refractory bricks exish in No-
livia, bul they are nct couipped ith moders, machinery and the
quality «f their ~ubljat ic generally not satisfactory for metal-
lurgic uses due to poor heav sheci and corrosion resistance
charsehe rinkica, The cortsined capacity of the Anrbato and SIMSA
plants in “nochabaaba is reportedly 2,000 bricks per dav, or about
2,300 tons a year. liwwever, actual prcduction «nly reaches about
1,500 tona. Toe national concumption is presently ectimated at
about, 2,700 tons per year 1NN, Q00 brieka), mostly used by C-omibol,
CRF, Vi3, the railroad ecmpenies, ond the glass, lime, cement and
beer industrics. The national demand for rvefractory bricks is pro-
jeeted at about 3,200 tons in 1071, at eboul 4,200 ters in 1070,
and 5,000 in 177 ascuming a 1437 prowth rate for user industries.
The existing irdusiry in 80livin hos calficient cepacity teo meet
current, rartiriments. 10 sdditional freilities for the production

of magnesite vefractory brick are estehlished in Zolivie, the excess

rreduction weuld have to be oold in exbernal markets.



The market in Peri for refractory bricks is presently about
12.000 tons, mostly suprlied by REFS?S, who also evport to Bnlivia.
They are part of the Harbison-Walker company and manufacture a
wide ranpe of rcfracteries including high aliumina, basic mognesite,
and chrome bricks. The morket in Chile totals about 20,000 tons and
is reprecented by crdinary elar refracteries that are presently
being impcoried into Chile buar will soon be supplied by a new plant
being conpleicd by ®CS5. Beg.esite ond other srecial retrackory
producers inelulde Lota-freen 10,200 tons) and RECSA (7,000 tons) .
Colembir masufacturers currently cannot meet all the country's
needs and scme lmnorts are taking place.  lowever, a major nenu-
facturer, IRFCO, with a carrent cepacity of about 20,000 tons per
vear is extending fa-ilities end plans to mect demestic derrands,
and 5 bepin cxportine, within three years. The refractories
industry in ecusdor is very smell and scme refractory bricks are

being imported. The nnalysis thus indicates that Chile and Peru

have ezisting inductrics adequate to supoly their 1nocal reeds,
Colembia and Levador, on the other hend, are importing frem other
countries, althoush the forimer has plans to expand their existing
industry te mect their vequircments. It is unlikely that given

their market conditions Dolivia could export refractory bricks

to the Antcan cubregion,

it irs 8lso not mrobsble that 3elivia has a promising opportunity
for the manufacture of mapnecite refractory brick for the world
market., The biggest and mogt sovhisticated users of this product
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around the world rrefer Lo purchase magnesite brick from forms such
as Harbeson- 'alker and Lota-Creen who provide highly technical services

as part of their seles effort.

In ccnclusion, we do not consider the production of refractory
bricks in Bolivia for export to the Andean and world markets to be

a premising ovportunity, at tnis time.

11. Line

Rolivian domestic demsnd for lime is at a low level as the
types of industries using lime are not established in the country.
For Bnlivia to consider this as a peotential industry it would have
to rely almost entively on export markets. An examination of
market data fovr other countries shows that the vroduction in each
of thecge is at a aigh level and that imports ave relatively low.
A further examination an transportation rates indicates that the
f.o.b. plant price of about USHZO per ton would be more than doubled
belore the lime reaches the Pacific Coast and cven consideration oo,
any rotential reducltion in these freight rates dees not make this
an econonic possibility.  Congequently, we do not recognize any

potential oprortunities for BRelivia in lime production.
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