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I. SUMMARY
 

1
 



I. SUMMARY
 

A. OBJECTIVES
 

The objective of this study is to identify industrial develop­

ment opportunities for Bolivia in the non-metallic minerals 
sector
 

For those opportu­and classify them according to their promise. 


nities having the most promise ,feasibility or prefeasibility
 

studies are recommended.
 

B. SCOPE
 

The non-metallic minerals sector was initially defined to
 

include the following products:
 

IRON PYRITES
1. (25.02.0.01) 


2. (25.06.0.01) QUARTZ
 

BENTONITE
3. (25.07.0.01) 

4. (25.07.0.02) KAOLIN
 

FULLER'S EARTH
5. (25.07.0.03) 

6. 	 (25.08.0.01) CHALK
 

OCHER
7. 	 (25.09.1.01) 


NATURAL CORUNDUM
8. (25.3.0.03) 

ROUGH MARBLE
9. (25.15.2.01) 


cm. IN THICKNESS10. (25.15.2.02) CUT MARBLE, 'UP TO 5 

CUT MARBLF, OVER 5 cm. IN THICKNESS11. 	(25.15.2.03) 


GRANITE - IN BLOCKS OR CHUNKS
12. 	(25.16.1.01) 


CUT GRANITE
13. (25.16.1.02) 


14. (25.16.2.01) 	 PORPHYRY - IN BLOCKS OR CHUNKS
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15. (25.16.2.02) 

16. (25.16.3.01) 


17. 25.16.3.02) 


18. (25.18.0.01) 


19. (25.18.0.02) 


20. (25. 18.0.03) 

21. (25.19) 

22. (25.19.0.01) 

23. (25.19.0.02) 


24. (25.20.0.01) 

25. (25.20.0.02) 


26. (25.20.0.03) 


27. (25.22.0.01) 


28. (25.22.0.02) 

29. (25.24.0.01.) 


30. (25.24.0.02) 


31. (25.24.0.03) 


32. (25.26.1.O1) 


33. (25.26.1.02) 


34. (25.27.0.02) 


35. (25.29.0.01) 


36. (25.32.0.01) 

37. (CHAPTER 69) 


38. (CHAPTER 70) 


CUT PORPHYRY 

BALSAT - IN BLOCKS OR CHUNKS 

CUT BALSAT 

RCUGH DOLOMITE 

CALCIATED DOLOMITE 

AGGLOMERATED DOLOMITE 

NATURAL MAGDIFF UM CARBONATE-MAGNESITE 

ROUGH MAGrTSTTE 

CALCINATE MAGNESITE
 

ROUGH OR CRUDE GYPSUM
 

POWDERED GYP2UM
 

CALCINATES
 

COMMON LIME 

HYDRAULIC LIME 

ROUGH ASBESTOS
 

ASBESTOS FIBER
 

POWDERED ASBESTOS 

ROUGH MICA - IRREGULAR SHEETS 

POWDERED 14ICA 

POWDER TALC 

REALGAR
 

NATURAL SODIUM 9ULPHATES 

CERAMIC PRODUCTS-FINE AND ELECTRIC
 

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 not in­

cluded in our scope of work but which our field work indicated 

might be potential opportunities ere also examTined. For those non­

metallic minerals which are available in olivia 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 possiblity of exporting certain
 

non-metallic mineral products to the Cuenca de Plata area and world
 

markets.
 

C. APPROACH
 

The approach towards screening opportunities plaked mij6r'..empha­

sis on resources, markets, and minimum economic scale of plant. As
 

a preliminary step to the study of individual minerals, Joint dis­

cussions were held betueen Arthur D. Little, Inc. and representa­

tives"of thc.<inistriesof Planning and Mining. As a result of these 

disccussions a priority list was drawn lip for use as the basis for 

our investigations. 

Those minerals that appeared initially to have high or medium
 

opportunities for development wiere then considered from the point
 

of view of resource availibility. A comparison was made with similar 

non-metallic mineral rr~csurccs in Andan countries in order 
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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
 

!nd. 

for Bolivia and the other Andean countries for 1966 through 1968. 

This analysis was supplemented 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 products. In this way we established the growth rates 

and future needs for these non-metallic minerals and their derivative 

and information were cllebtd -on pr6duction, impor:t$, exports 

products as wetl as the price itructure prevalent in each country in
 

the subregion. For specific products which might be exported beyond
 

the Andean subregion we also examined world markets.
 

The final step in the screening process was to determine for 

every opportunity indicating promise, on the basis of the resource 

and market analyzis, whether the market is adequate to support a 

minimum economic sized plant. A description of the process required 

to manufacture the product was also presented. 

D, CONCLUSIONS 

Our analysis of resources, markets, and minimum economic scale 

of plant and technology indicated the following opportunities: 
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1. CONT2TBUCTION MATERIALS 

2. GLASS 

3. CERAMIC TILE
 

4. MAGNrESITE GRAIN 

5. ASBESTOS
 

6. VITREOUS PLtUIT3ING 

Other non-metallic minerals and their derivative products were
 

eliminated from further consideration for a number of reasons. 

First, in some cases nolivia did not have a mineral in suifficient 

quantity or quality to justify commerc! aliz7ation. Second, a large 

in value in relation tonumber of non-metallic minerals are low 

bulk and, therefore, are rorely 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. 

some cases Bolivia did not have any advantagre in avai-
Third, in 


libility and quality of specicic mineral resources over other 

Andean countries. Fourth, for some non-metallic minerals and deri­

vative products the market was not sufficiently high to justify a 

minimum econcmic scale of plant. 

-1. Consrue-a*on l.aterials-

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
 

They areconstruction are steel, cement,sand gravel, and rock. 

used in both crude f'orm and also a major constituents in floor tile, 
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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. products have 

relatively large bulk and low value and freight costs are a major
 

This indicates that low value construction
element of final costs. 


materials for the most part must look to the domestic market for 

their principal outlets, with export markets being incremental 

markets. This is particularly true in Bolivia, where freight 

costs to markets outside the country are relatively high and most 

construction products 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 minerals, 

forest products, steel, and chemical industrial sectors. Many of 

the products of construction can be made of a number of different 

claymaterials such as wood, steel or concrete framing; plastic, 

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, on the one hand, ahile nothing the likel~iood of subs­

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

2. - Glass 

At present Bolivia's demand for flat glass is approximately
 

.-7. 



P, 500 tons each year: by 1974 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.tlhickness greater than 14:m and
 

specialty glasses to the Andean subregion. On this basis, there
 

may be an opportunity 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 of process to be utilized, and manufacturing costs. Of
 

critical importance would be the selection of the process . Two 

processes seem appropriate: the Forcault and the Pittsburg
 

processes. The Forcault process is used in other Pndean 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 im.
 

The second process, the Pittsburg process, is more modern
 

and requires larger investment and greater production volume to
 

be economic than the Forcault process. It produces better glass,
 

however, which could he exported to the other Andean countries. 

Such an export market is essential to make this project viable. 

The fact that Bolivia would be the only country in the Andean sub­

region producing Pittsburg glass could result in the export of
 

the thicker glasses as well as in the quality sensitive very thin
 

glasses.
 
"8.
 



.Starting with a glass industry oriented towards supplying the 

domestic market its requirements and perhaps the Andean market with 

certain t<pes of glass, the industry could then be enlarged to pro­

vide specialty glasses and. perhaps insulating window glass Ond high 

quality silica sand, if it is available, to the other Andean coun­

tries. Specialty glas:zes 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 Pf the Bolivian market alone 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. ne eds. The industry in the other Andean countries is 

characterized by heavy c(mpetition and are relatively quality cons­

cious. As a result oi these factors, export possibilities for this
 

industry are remote.
 

4.-.Magnesite and refractory bricks. 

P very large world market exists for high quality magnesite 

grain, which is magnesite rock fully benefitiated and burned to 

drive off various elements. 

World markets can easily absorb 4l0,O00 additional tons of 

this product for use in magnesite bricks, whose demand is growing in
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addition, the Andean subregion also represents a inrket for magne­

site grain since their requirements which amount to about 9.000 

tons each year are nearly entirely imported. Chile and Peru are 

the largest importers each accounting for about 3.000 ton;. 

The succes of t.'is project will priari.y depend on the
 

quantity of the mineri'tl resource, the design of the beneficiation 

process so that it provides the proper material for the burning 

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 magnesite brick from
 

firms such as Harbeson Walker 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. Colombia 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 re'f-actory 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
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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 bri.ks
 

are establi.s:1cd 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 jiu3itify a minimum economic scale of plant.
 

5. A-bestos 

Over 7,% 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
 

,.orasbestos is in cement asbestos products. These products use
 

.',bestos grades h, 5 and 6 which have an average world price of 

Ol)proximately 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 cement procucts. Before this
 

opportunity is realized, however, it must be proven that the
 

as­asbestos mineral found in Bolivia is suitable for (2ment 


bestos products.
 

of asbestos cement produlclrThe opportunity for the manufacture 

will depend on the quality of the asbestos mineral available in
 

Bolivia ar.d on the rrarket 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 

All the other Andean countries have sufficient capacitypromising. 


satisfy theirfor the manufacture of asbestos cement produicts to 

domestic needs. The possiblitiy of exporting asbestos cement pro­

to the world market is also not very likely since transport
ducts 

costs would be prohibitive and sufficient 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 requirements for the next few years. 

6. Vitreous i-'linbing 

At present Bolivia imports about 600 tons of vitreous plumbing
 

each year at an averaTe cost of US$ 590 per ton. We expect that 

by 1973 demand will be 925 tons and by 1935 about 2.,500 tons. Our
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experience has indicated that the minimum required 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 ros, to meet capacity.
 

Our analysis has indicated that the other Andean countries
 

have ai, excess capacilty of about 5,000 tons-per year. The possibi­

lity of exrortin, to the Andean subrer;ion, therefore, is limited 

until about 1973-]974t w.hen 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 Bolivia would find it difficult to corrpete and the plant
 

would have to depend on a Bolivian market insufficiently large to
 

support the plant. 

E. RECOLHIMDATIOCIS FOR FEASIBILITY OR PREFEASIBILITY STUDIES 

We 	 have olasili.ed the six opportunities identified in our 

to .elher they shoudi be investigated with a fullanalysis aceordin 

feasibility Ltudy oz, a z,,-ereasibility study. The classification im­

plies in the first !a:.e that the project cannot be deemed totally 

elerents of the opportunity are investigatedfeasible unless alM 


;ci ii01di, r.es~ur'ce eval1i.ntion, mat kets, production costs, and
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marketing and industrial organization. In the pre easioilit' 

studies we have identified one or two critical variables which 

must be investirgated 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 con structicn industry,(2) the production of grain rranesite 

and (3) the manufactvre of asbestos fiber. In the case of vitreous 

plumbing, since the opportunity will probably not exist for a period 

of years intil doestic demand expands to equal that. needed for a 

minimum econo.nic scale of plant)it is recommended that a study not 

be undertaken immediately. 
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I. REVIEW OF THE OCCURANCE, RECOVERY AND 

ECONOMICS OF NON-METALLIC MINERALS 
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7."2T'II REVIEW OF THE OCCURRENCE. Y-ECO.(V7Y A7D FC07Th(7, (,' ' 

MINERALS
 

In order to set the proper framework for analyzing opportuni­

ties in the non-metallic minerals and derivative products sector 

me will examine in this chapter the physical and chemical proper­

ties of these minerals, their usual mining and production methods, 

the major products derived from non-metallic minerals, and the 

typical prices that can be obtained in trade.
 

included in this discussion:
The following were 


1. ASPEETOS
 

2. BARITE
 

3. BENTONITE 

4. CEMENT 

5. CORUNDUM 

6. DOLOMITE 

7. FELDSPAR 

8. FULLER'S EARTH 

9. GYPSUM 

10. KOALIN AND OTHER CLAYS
 

11. LINE, CALCIUM, AND DOLOMITE
 

12. MAGNESITE
 

13. MICA
 

14. OTiERS 

15. QUARTZ
 

16. REALGAP 

17. CRUSHED OR BROKEN STONE
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18. 	 DIMENSION OR BUTLDTNG STONE 

19. 	TALC (SOAPSTONE OR PYROPHYLLITE)
 

20. 	 RAW 1,AT1IALS FOR GLASS MANUFACTURE 

21. 	 CERA4ICS 

A. 	ASBESTOS
 

Asbestos is a commnercial designation for a generic group of
 

fibrous silicate minerals which are characterized by resistance
 

to heat and flexibility of fibers. The most importaut. type is 

chrysotile, with crocidolite, amosite, anthophyllite, tremolite 

and actinolite being other varieties. C(rysotile is graded 

according to fiber length with troups one to three on the Cana­

dian classification being the largest fibers and groups four to 

seven being 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 Polivian 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 recovering the asbestos, they are much 

shorter and less valuable after heneficiation.
 

c) Mass fibers. This occurs in masses rather than veins, 

17 



often with no orientation. Because of th}-isan4hi
 

recovery costs, it is the l.east valuable abbestos and
 

the least i:rortant 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 milling practice is generally designed to recover the
 

maximum percentage of the long fiber even 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 screened with suction to collect the libe­

rated. fibers. Additional further crus,,hirg (u sually gfyratlory 

units) followed by s-Lreening with suction are repeated until the 

ore has been depleted of the fiber. Normally only about 5% to 

10% of the rock mine is recovered as an ah;e.-trs product. Of the 

asbestos recovered, it is likely that only ahout 10% is a long 

spinnin- gradre fiber with 90- a non-pinning grade. Ordina­n,-)r, 

rily these -atagories would be broken down into seven or more sub­

classifications, based on the length of the fibers, and the percent 

of contained impuri ties sirnh as grit. Essentially all processing 
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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 pollu-ion and has
 

interest in the wet processing techmiques. We know ofcreated renewed 

none that have been adopted.
 

A typical Canadian asbestos producer might handle 1,000 tons
 

of rock per day ana produce 60 to 4OO 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 101 spinning grade and for ore containing up to 30" fiber.
 

The uses of asbestos fibers of all varieties are numerous and 

range from floor tile to rockets. The loncer fibers -- Canadian 

--are groups 1, 2 and 3 and their equivalents from other countries 


used for making textile products such as cloth, yarn, tape, and
 

rovings. Only about 5"/t of world a-hestos production enters into
 

asbestos textile products; this market has shown little growth in
 

recent years. Chrysotile is the primary ty-pe of asbestos used in
 

the manufacture of textile products, though crocidolite and amosite 

are used to a minor extent. The suitability ot' the asbestos for 

the tensile sitrength, fineness, and flexibilitytextiles depends on 


in addition to the length of the fibers. Use of shorter length
 

fibers and those of inferior strengths is not acceptable for the
 

created inmanufacture of textile products because of the problems 


the machines (broken fibers, high losses in processing) and they
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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. Low­

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 and corrugated sheet. Asbestos cement products 

consume almost 2/3 of the world's Psnestos production and have 

been experiencing a rate of growth equal to that of industrial 

construction. These products consist of about 85% Portland cement 

and 15% asbestos. Canadian.gioups 4 and 5 are used extensively for 

making 85% magnesium block and pipe insulation and group 5 is also 

suitable for asbestos paper and mill board manufacture. Grade 7 

fiberwhich is a waste commodity.is used for filler applications. 

Amosite is used for filtered insulation in blanket form for high 

temperature service up to 9000 F as well as for a lightweight,
 

fire resistant marine partition board. Bolivian crocodili-te has
 

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

The world market for asbestos fiber is currently approxima­

tely 3 million tons; both Russia and Canada provide appro­

ximately lIO% of this iarket. Much of the rest comes from South 

Africa and Rhodesia and a few other countries provide insigni­

ficant quantities. The market for asbestos has been growing at 

approximately 5% in recent years and this trend is expected to 

continue. 
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T''iee factors are si.;-nI CIa:e2:, in the va Ie a- os: 

1. 	The generic type of fiber (90% being chrysotile, approxi­

maltry l¢I2 crostol ite, or blue asbestos) 

2. 	The fiber length (60%,are grades 4, 5, and 6, price ave­

raging US$150-200 ner ton and 351 are shorts or waste 

grade 7) at arproximately US$50 per ton). 

3. 	Quality.
 

Almost 70M of the world asbestos is consumed by the asbestos
 

cement industry producing board, sheet and pipe. Most of this
 

The second largest market
material is in the 4 to 6 length grade. 


is floor tilein 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 elsewhere. Asbestos paper and textiles together consume
 

approximately 10% of the world market and terd to be medium to long
 

length fibers and friction materials. Fillers, plastics and mis­

the 	balance generally a very low
cellaneous products cons-une 


value product.
 

growing
In general, the asbestos cement markets are 

most rapidly in the developing nations of Africa, South America 

and the Far East, while growth in .',e.-tern Europe and north America 

in 	 South America for asbestos isis relatively slow.. The market 

at least 90% 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 friction materials. 

B. 	BARITE
 

Barite (BaS04 ), a commercial source of barium and barium com­

pounds, occurs in two typos of deposits: replacement deposits of
 

limestone, dolomite, sandstone and chalk, and residual deposits in 

which lumps of barite are enclosed in clays. Occurence of barite 

is world-wide, and is available in many countries on every conti­

nent. The output of Peruvian mines is the largest in Souih Ame­

rica, and Chile and Colombia prcduce small quantities. 

By far the most cormmon 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 

of the weld to the surface, andcave-ins, carry the cuttings 

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 save fuel and to act as an oxidizer and
 

a filler or extender in paints,
decolorizor. Barite is also used as 


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 gr:'de to US$ 26 for the 

ground grade.
 

C. 	BENTONITE
 

mineral or a material with a
Bentonite is not an exact 


definite composition, but it is primarily a clayey material which,
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when moistened with water,will sometimes swell. There are other clayed
 

materials, though no swelling types, which are classified as ben­

tonites as they are derived frrm the same base, volcanic ash, 

and consist of montmorillonite and/or beidellite. Bentonites are 

found in the United States, mainly in 'yorring and California, in 

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

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 also used to reduce moisture fur slhpment. The dried clay 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, it is used as
 

a bleach for various oils, 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
 

largestof insecticides and pesticides, and maiy other uses. The 

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$10 -US$].5 per ton.
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D. CEMENT 

Cne 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 all ten of the South American nations. By far the
 

greatest use is in the building and construction industry for
 

the manufacture of concrete and plaster. 

Cement is an artificially prcduced mixture of minerals of
 

cemplicat-zd structure. In the presence of water, these minerals 

change to a coloidial product which results in hydraulic harden­

ing. Portland cement, aluminous cement and slag cement are exam­

ples of hydraulic cement and require lime silica, alumina and 

ferric oxide for their manufacture. Of these, Portland cement 

is by far the most important. 

The properties of Portland cement are based primarily upon
 

the formation 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 ti.me.
 

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 therefore 
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important thr 6 the quarry supplying the limestone has accurately
 

predictable chemical properties; the same applies to the clay. It
 

is also importai.t that the clay and limestone contain low, but
 

not exceeding 2.5%.
consistent, amounts of sulphur (SO3 ),. The 

alkalis, soda and potash, while quite harmless in small quanti­

ties, limit the setting time of the ceoentif present in larger 

Magnesium is also an undesirable material often appear­amounts. 


ing wit the limestone.
 

The chemistry ihvclved in the production and hydraulic setting 

is 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, magnetite and other minerals. Corundum occurs as a
 

constituenc of various igneous and metamc.Tphic rocks, including
 

certain serpentine and crystalline limestone. It also occurs in 

alluvial deposits.
 

abrasive components ofgrinding
Corundum and emery are used as 


wheels And abrasive cloths or for polishing grain; however, their 
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use has been virtually supplanted by irtificial abrasives.
 

World production of approximately 10OO 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
 

(c03)2 . This is equivalent to 16% 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 7.ary between 10% and 40%.
 

Dolomite is a material with many uses. hen 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 srource of light magnesium metal. iP markets are sizable and
 

production requirements can be fulfilled. It canbe used t- irA e a 

magnesite refractory employed 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 use, 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. Because of its 

general availability and low value the aggregate is not an article 

of iukernationn.1 rnmmerce except in very special areas where 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
 

silicates of potassium, sodium and cal­
consisting chiefly of aluminous 

clum; one base usually I.redomina ing. It may be white, grayish, 

or a shade of red (from rose to brick) or even green
yellow 

or 

to pearly
blueish depending on impurities. It has a vitreous 

luster and is among the most widely distributed of rock forming 

minerals, occuring as a constituent of most rocks. 
Feldspar
 

dikesfor selective mining only in 
occurs in crystals large enough 

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
 

Hand cobbing and sorting are employed
a few mines are underground. 


only to upgradeat all small inines and perhaps some large ones, not 

the feldspar but to select high product minerals, such as mica,
 

A second m.ethod or recovery, and. by far thp rost

before cruchinT. 


coirrnon, is the ie of floatation to separate the feldspar and other
 

minerals for collection. The third method is to mix it ith 

silica and to clean the concentrate for subsequent marketing as 

s iulLi-vl or pAnss sanid. 
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World production has continued to increase at a steady rate,
 

and now amounts to some 2 million lone tons annually. 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 

now only minoraccounted for 20% of the feldspar consumed, but 


domestic mines forquantities go to these uses. Prices FOP. U.2. 


the crude feldspar are approximately US'9.0O per short ton:
 

the ground material sells for about US$13.00 per short ton when sold
 

sell for
 
to merchant mills. Imports to the U.S., CIF port of' entry, 


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 be
 

higher in magnesium.
 

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
 

Depending
into spaghetti like forms, and dried in a rotary dryer. 


on the end use, the particles are crushed to the required specifi-


These end uses include various absorbents, insecticides,
cations. 


fungicides and drilling r:,uds. Production costs vary from USMIO 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 silfate.
 

Deposits are quite pure in wide areas of the United States and
 

throughout the world. Its va2ue depends on its ability 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 

c) 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 millbn 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
 

or
employing gyratory or Jaw crushers and the second hammer mills 
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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 partly or
 

completely oy dehydration in gypsum kettles, rotary kilns, or i]naer
 

steam pressure in autoclaves.
 

The properties generally desired in calcined gypsum include:
 

high tensile and compressive strength, hardness, fineness of grain
 

Certain other properties are more essen­and uniform setting time. 


tial for some appl ications than others. Plasticity is highly essen­

tial in wall plaster intended for use with aggregates, but this pro­

perty is not as important when calcite gypsum is used in manufactur-


After calci­
ing prefabricated products such as wallboard and tile. 


nation, wheel grinding, mixing and blending, the gypsun plaster is
 

Gypsum is used almost entirely to make wallboard,
ready for use. 


and as an additive
plaster products in the housing industry 


are also used as a chemical
in cement production. Small quantities 


intermediate for color and as a raw material for glass production.
 

Gypsum board consists of F. gypsum plaster core between paper 

layers. This product is used for walls and ceilings and is
 

to wood metal framing or furring strips- itsfastened directly or 

is most evident where wood-framed construction predominates.
use 


Gypsum is a low value item, generally worth -rom US$3 to
 

US$6 pe-. ton as an article of commerce, and like cement, its
 

,,u12-Kc. ;Ir...,,,-y f1, ti,,ntiors Jn the building
re1niL,.. t construc­

tion field. 
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J. 	KAOLIN AND OTHER CLAYS
 

Kaolin is a mine'alo-ical term referring to a clay in which
 

the predominant clay mineral is kaolinite. China clay is used
 

asynonymously with kaolin. Cor.ercial kaolins have nearly white, 

and fine color and their grades are determined by intended
dry 


A
 uses. An unending variety of other clays exist in the world. 


second major type that is basically kaolinitic, but usually includes
 

other 	clay minerals such as halloysite and illite, occur in great
 

fire 	clays or stoneware clays, dependingabundance and are knoim as 

on usage. 

and practi-
Specifications of clays are based on their uses 


cally any earth or soil material that can meet these specifications
 

can be used in the manufacture of a wide variety of products. 
For
 

wares, the important properties are elasticity,use 	 in ceramic 

fire 	color, dry and fired strength, drying and firing shrinkage, 

significant
and vitrification range. 7or refractory uses, the most 


single property is the pyrometric Cone Equivalent (,; ';) whic, is 

determined by comparing the softening behavior of a clay sample 

subjected to a standard time-temperature schedule with that of 

(3169 0 F' at 270%' heatingstandard tones. Clays having a PCE of 33 


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 PCE of 30 (3029'F) for low duty refractories.
 

can be made from
Serviceable refractories for some purposes 


clays having a PCE as low as 15 (2606°'). Clay used for manufac­
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compensate for deficlencies in chemical
 turing cement is selected to 


iron oxide and nl.nmina, otherwise not
such as silica,composition, 

For filler
 
present in the available limestone or cement 

rock. 


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

hgh
for insectirtidp Care.-CL, 

nnd whiteness of dry, unfired clay; 


absorbency is iri.portant. 

- residual and
 
Geologically, clay is of two general types 


of' second origin, having
intances, clay is 

transported, but in all 

may be found
of other rocks. Clays

by the alterationbeen formed 

laininat­soft paste, soft solid, or as 
in a variety of forms - as a 


at relatively
surface or 
ed rock. They may occur at or near the 

are developed largelyof conmerce 
great depth. The kaolintic clays 

is usually a result of
their compositonfrom feldspatic rocks, and 

weathering.
 

pit methods and L.aolin may be 
Most clays are mined by open 

separation. The 
marketed after crushing7 and screeving or after 

in grainmost. filler clays
clays differ e.sentiallJ fromcoating 


is usually required. The filler
 
size and additional bleaching 

separated by classificationions of' the clay areand coater propcr 


filler.

fire being coater, the coarser being

sizing, the very 

processing,
Fire clay and other miscellaneous clays follow the same 

as well.crmrlin.g and screening
but generally go througyh s econdary 

in the world,in many countriesis .idely availableKaolin 

and, to a far lesser extent 
Including Argent.inn, (ile, Colombia, 

World producton is approximately ]2 millon 
An mqArr mnd Peru. 


32
 



short tons annually. The greatest single consum-,ion of Kaolin is 

in paper fillin and coatinn uses. Minor uses include rubber 

fillers and the manufacture of refractory brick and blocks. Fire clay 

is used primarily in heavy clay products and refractories. 

Kaolin that is sold by producers averages U$25 per chort ton, 

by producers in direct manufacture of products FOB mine: that used 

per ton. Fire clays andis valued at an averaqe of about US$10 

per ton res­stoneare clays average UP1$3.75 per ton and USO6.00 

pectively.
 

K. LIME, CALCIUM, AINlD DOLOMITE 

The calcination of limestone, marble, chalk and dolomite at 

moderately high temperatures releases carbon dioxide gas and 

leaves behind a solid residue o' quicklime. Addition of water to 

calcium dioxide or hydratedthis quicklime causes rapid hydration to 

lime. The general term "live" is often nisconstrued to include 

materials other than th- oxides and h:ydroxides of r al.lUium and magne­

sium and ins app]ied ;ithlout discrimi nation to limestone, shell and 

industry, the term is used to denote calcium carbonate,gypsum. In 

calcium sucrate, and calcium ascetate. "'Hydraulic lime" is produced 

by ealcination of lirescone containing onor-h aluminnus and sili­

"o ftrr a subs tance thatceous material, su'h as clay minerals, 

will slake and set or 'irden under .'akr. "lHydraic lirestone '' 

so that a hydraulic limecontains an amount of silica and alumina 

will be produced on calcining,. Dolomite, 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 

"dead­atmospheric moisture and carbon dioxide and is known as 


burned dolomite".
 

Calcium is the fifth most abundant element in the earth's crust
 

is much too unstable
and accounts for 3.40 of it. Although calcium 

to occur naturally, its compounds are very common in nature. 
It 

occurs as carbonates (limestones, marble, quartz) sulfates (gypsum), 

silicate minerals.phosphate, fluoride and in many 

lime are obtainedand diolorite used in manufacturingLimestone 

to those
in open pits and urd,:rf;round mines with techniques similar 

stone. The calcining of limestone is ge­described in the section on 


rotary kilns in 	 the U.2., although ver­
nerally done in 	 shaft and 

responsible for most lime manufactured in othertical kilns are 

countries.
 

Quicklime and hydrated lime, including deadburned dolomite,
 

of the world, but; total quantitiesreproduced in many countries 


are many and
have remained relatively constant. Although uses 

as for steel slags) predominate.varied, ratallurrical uses (such 

uses include alkalis, calbium carbide,Chemical and other industrial 

sewage, and. waste treatment, water softening and treatment, and 

pulp and paper manufacturing. Deadburned dolomite is .ssentially 

lime. Prices vary by end-use and by ,geographica refractory 


ares, and while average values FOR i)lant are approximately US$12 -


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 crystal.izes in a
 

triogonal system. Crude magnesite ores vary from 38% to 47%
 

magnesia (MgO), the product of calcination or thermal decompo­

sition of several maqnesium minerals and col,,polundc, including 

dolomite (221 MgO). :,o'd magnesite ore also contain as much 

as 7% silica, 2% to 7Q!) alumina, 2% to 7K iron oxide, and varying 

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 

un ierground mining is used, this method is often unattractive 

because of the high cost associated with it. Following the mining,
 

the magnesite is often carefully collected and sorted before being
 

crushed to 5-inch size and carried by belt coveyors to storage
 

piles. In the making of refractory products, this ore is 

conveyed % cone crushers, which reduce the size to that required 

and the material is screened and washed. The ground discharge is con-

Toyed to flotation c'Os where impurities are removed before 

calcining at temperatures below 1650OF to produce caustic calcined 

magnesium. Refractory magnesium is produced Crom crude magnesite 

by calcining the ore in rotary kilns at temperatures ranging from 

264i 0 °F to 32000F. When magnesite is calcined, the impurities are 

driven off and the FgO 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 CaO to Sio2 if 1.86 to 1 and this is required by
 

purchasers of bricks. In general, a!proximately 1 ton of magnesite
 

is recovered from every 3 to 4 tons of ore.
 

Magnesium compounids are principally used as refractory mag­

nesia and the caustic calcined magnesia is used in pulp and paper
 

well as a wide
manufacture, chemical processing and insulation, as 


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 production of crude magnesite has remained fairly steady
 

at 11 million short tons each year with much of the production
 

coming frcm Ccmmunist countries. Colombia prcduces small amounts 

and Brazil about 13,0,000 tons each year. The increase in produc­

tion of magnesia from sea water continues to exert competitive 

pressure on producers of magnesite. It is estimated that some 

12 locations in eight different countries derive about 1 million 

short tons of magnesium (equivalent to 4 million short tons of 

magnesite) each year from this source. Prices of refractory magne­

sium, sold or used by producers in the U.S. is about US$67 a ton,
 

while that of caustic magnesia is over US$90 per ton.
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M. 	MICA
 

Mica is a group name applied 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.
 

two groups! those used for physical properties, in-
There are 

cluding muscovite, ph]ogopite biotite, and sericite, and those 

valued for their chemical vontenLU, which include lepidolite, 

zinnwaldite (lithium s.urce) roscoelite (vanadium source).
 

Coiniercially, muscovite and phlogopite are the most important. 

Muscovite is recovered from regmatites and phiogopite 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
 

Sheet mica mines can be
equipment is used to outline the deposit. 


Open pit mines are sucess­operated ,succensfullyon a small scale. 


ful in relatively flat country and small underground mines can be
 

successfully operated if care is taken to avoid drilling trough
 

good mica crystals.
 

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

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

sisting of block, film and splittings is 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,
 

metric tonforavl'grrcundhowever. Prices vary from US$44 to US$66 per 

per metic ton iAt 1hr gronund mica consulmed.mica used in roofing, to US$200 

in paint manufacture, to approximately U1$550 per metric ton for 

sheet mica.
 

N. OCHERS
 

Ochers are natural earth pigments which are usually asso-


Their colors vary from yellow through red and

ciated with clays. 


ingredient of paint manufacturingbrown, and their use as an was 

However, these ochers are relatively inferior once sjK.spread. 


to the manufactured metallic pigments in strength, hiding power,
 

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 considerably.
 

Ocher is most often mined by opencut methods; the pockety
 

character of the ore and the uncertain market for the product
 

do not justify elaborate equipment. 'M.e ocher is then washed,
 

powder for packing.dehydrated and pulverized into 

0. QUARTZ
 

Silica 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, sand­

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%
 

Si02 and less than 0. f%AI203 and less than 0.05 iron and tita­

nium. However, raw sand containing about 95% SiO2 2.5%A120 3 ; 1.5% 

K2 0 and I'a20; 0.5) CaO and MgO; and 0.41 Fe 2 03 , has been utilized. 

This material, when used to make glass, alters the viscosity of the 

glass melt at the working 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 free 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 valuied 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 701
 

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, etc.) 

refining facilities produce far more arsenic as sulfides than can
 

be absorbed in the world market. The stage has been ree.od where 

the disposal of arsenic is a serious economir problpm, and it is 

not now an article of commerce.
 

Q. CRUSHED AND BROKEN STONE 

Crushed and broken stone, a basic construction, chemical, and
 

metallurgical raw material, is a major commodity in the world in
 

both tonnage 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 bruken 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 indicators 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 transportation cost 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
 

and may range up to US$100/ton rot Ilow-volumerelatively valuable 

speciality markets.
 

A variety of mining and quarrying methods utilizing all types
 

Though
of equipment, both stationary and portable are employed. 


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 fineness and product size required by the
 

various industries.
 

R. DIMENSION OF BUILDING STONE 

Dimension stone is a term applied to stone sold in blocks or
 

slabs of specified shapes and usually of specified sizes, contrast­

ed with crushed or broken stone covered in another section. Dimen­

sion stones are oC many types. The principal varietieq are granite, 

trnp L,,..IC r,,0h n.V hI.qrnlt., sandsiorie, slate, lin:estone, and marble. 
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a) 	Marble, a metamorphic rock, is composed e:sentlal]y 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 Quartz and feldspar are the major com­

ponents, and micas and olovine are accesory minerals. 

c) 	 Limestone, which has a more common commercial use as a 

crushed stone, is a sediienta-'y rock composed ofC ealoium 

carbonate.
 

d) 	Sandstone is composed of qiartz grains, cementdd with
 

calcium carbonate, oxide, clay and other minerals.
 

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

from intense volcanic activity.
 

f) 	Slate is an argillaceous rock of sedimentary origin that
 

has 	the com.on 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 engincering purposes. The desirable properties 

of dirension stone, in additon to those relating to workability 

and the tests that mreasure 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 strenght and resistance to abrasion 

and cleaning solutions. Exterior building stones and those used 

for highway construction may be less attractive in collor to those 

used 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
 

fnr most uses of slate have been decreasing for many years.
 

Prices vary with the type of stone and its use. Granite ranges
 

frcm US$ 1.00 per cubic foot rough cut for construction use, to about
 

US$ 20.00 per cubic fcot 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 is used as well. W'hile blasting methods are used, care 

must be taken to minimize breaking of the blocks. Primary cuts are 

sometimes made, and wire saws have been used with success­



in large operations. Whatever method is used, it, is sow, hbit tle 

primary concern is to achieve the maximum yield in terms of block:.
 

size 	for commercial use. The blocks are then lifted out of the
 

quarry by large poerful derricks and trimmed before being sent to 

the mill for sawing into slabs. Because these operations require
 

large 	equip.(ent, the capital requirements 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) 

Talc is a hydrous magnesiun syllicate, but often contains 

impurities of quartz, calcite, iron oxides, and other minerals.
 

It is a very soft, masive aggregate, 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 *ith 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 be .,ihiter and purer. 

Its occurence is widespread in nature, and most industrial­

ized'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 talc in its multiplicity of uses. The ceramics, paint,
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rubber, insecticide, roofing and paper industries consume the 

majority of world production; the remainder is often used in 

the minor markets such as in toilet preparations, in crayons, 

and in decorative sculptured figures. 

Total world production has shown a steady increase from 3.9 

million short tons in 1964 to 4.7 million short tons in 1968. 

Japan produces 1/3 of this total and the U.S. approximately 20%, 

at least 37 other cc.untries in the world, including Argentina, 

Chile, Colombia and iPeru, mine the mineral. Because of its gene­

ral 	availability, it is not a major factor in world trade. French
 

and Italian talcs, however, find a world market for cosmetic pre­

paration because of their saperior quality. U.S. prices for talc 

are in the range of US$ 2.00 - US$ 5.00 per short ton. 

Talc is mined either by the open pit or by the underground
 

method. There is very little mechanization of talc mines and
 

use of explosives is kept to a minimum because of the relatively
 

higher value of the larger block. In a sucucssfully operated
 

mine, recover7 of talc will range from 40/0% to 65%.
 

T. 	 GLASS MAKIG AW ,AT.RIALS 

Although the glass making materials available in many deve­

loping countries nfreri do not have the desired. amount of various 

constituent,,, there are usually alternate solutions using indigenous 

raw materials. 
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The typical composition of flat glass is:
 

Silica 
-'1
 

Lime and Magnesia (CaO and MgO) 12 to 14% 

', 13 to 14% 

Iron (Fe203) less than O.1% 

Alumina (Al203 ) less than 1.5% 

Sulfur (as FO3) less than 0.5o 

High quality sheet glass proiucs should contain less than 

0.1% Fe203 and 1.50 Al 03' Exceedinq these concentrations should 

not eliminate production, the solution is tc ptoduce a­

lower quality glass at somewhat limited production rates. 

In developing countries there is most often a problem in 

Iron content often runscontrollin3 the iron and alusina content. 


over ]I but this can be acceptable even though a more greenish
 

colored glas .'.il result. Alumina often runs from 2 to 3% and 

this adversely atfeots the viscosity of the melt limiting the 

rate at which ,heekt lass can be pulled. Usually in the early
 

staqes in develoninv a Orlass industry, these two problems are accep­

table and often even unrecoqni'abe. Later, increased competition
 

and greater social awareness of glass qualilty will demand more 

technical Aophistication and lower prcdction costs. We believe, 

therefore, that while low iron, low al uina sand and other glass
 

forminq romponents are irpnrtant, the inrediate need for a glass
 

industry can be justified renardless of the ri,id raw material
 

requirements deranded of glass products acceptable in world
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trade. These will necessarily core later.
 

Specifically, a flat glass plant requires:
 

Silica sand
 

Limes tone
 

Dolomite (or dolomitic limestone)
 

Fe]ldsrar
 

Soda Ash
 

Salt, cake and other minor constituents such as charcoal and
 

arsenois acid are also required but in small enough quantities
 

that they can be imported. The raw materials should be pure, low
 

in iron and nranics and metallic components, should be fine,
 

granular, nnt wet or du.t~y and should be free flowing.
 

Al] flat glass processes rtart with a large tank of melted 

glass constituents. Pecause oE' the cost of melting the glass and 

in the tank, the qlass-makingsupplying enerjy to keep it rrelted 

procer must hera,,n.t, unur: for a number of :onthr: r-cilities must 

be used rontinilly to justify initial investment and to avoid 

equipment damaqe. VUe rolken glass in the tank is then formed 

into sheet joacr: by three types of process: a) by drawing the 

much like candy -- and, throughglass vertically frcm the tor.' --

a series oo rolers] ..It. cooled in the drawn form, cut and packed. 

Pystems; available are Cairly lim:ited to the Phrnault, process 

or the more expensive and more volume sensitive Pittsburh process; 

b) taking molten glass and rolling it through a number of shaped 



These rollers can
rollers to produce what is called rolled glass. 


be shaped to provide contours in the glass or wire mesh can be 

imbedded in the rolled glass. This process is appronriate for 

speciality or decorative glasses but is not appropriate for high­

volume window glass; c) by the recently developed float glass 

on liquid tin untilprocess in which the forned glass is floated 

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

for most of the Poll­of high quality -- in fact too high a quality 

vian or Andenn markeb.. Furthermore, the r.n.no las p,-, is 

extremely expensive -- at least a OIJV20 million investment required, 

of 250 tons per day.Liccnses are veryand requires a minimumu volume 

difficult to obtain from the developers in the United Kingdom.
 

one furnace and
A minimum sined flat glass plant would use 


one drawing machine initially because of the low sales requirement. 

minimum capital investmentThe Forcault process is the system with 

and least volume sensitivity. Such a total plant wculd cost 

f':m I.s.$2 milion plus a 10% contingency for additional 

freight from the ports to the facility and higher charge for field 

enqineering because of the costs to Bolivia. 

U. CEBAMTC2 

1. Raw Materials 

Ceramic raw mahorials are usually classified into clay and 

are those fine materials usual­non-clay materials. Clay materials 

ly smaller than two microns and having certain specific plasticity
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4Jua .ities whel, wetted win water; they can also inclumc almost all 

types of comon soil. Specific clay types will vary from location 

to location, not so much by mineralogical definitic.- but by a-'pli­

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. 

Non-clay coranic raw materials include: 

Feldspar;
 

Silicas, quartz, flints, tripoli ganister, diatcmite;
 

Nepheline syeniiit, an aluiiinun silicate rock containing sodium
 

and potassium (usually with soda and potash feldspars);
 

Magneoite;
 

Dolcmite - the mixture of calcium and magnesium carbonate
 

usually about one to one ratio;
 

Gypsum - calcium sulfate;
 

Chromite - a spinal having the formula FeCr 2 04
 

Alumirate silicates - many species;
 

Pyrophyl LI te - a platy, mica-like, hydrated aluminLum silicate 

and many others such as talc, mica, graphite, and lithium 

minerals. 

2. Products 

The extent of the ceramic industry is difficult to determine 

because of the very rioniy products, incldrling those not normally 

considered ceramic,. For example, products of the ceramics indus­

try 	should include: 

Glass (flat, container, pressed and fiber). 
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Glass (flat, container, pressed and fiber)
 

Cement (hydraulic -Portland)
 

Lime Products
 

Gypsum Pi 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 (grain coated and bonded products)
 

Brick
 

Structural Clay Pipe
 

Ceramic minerals
 

However, many of these product groups are normally considered
 

as independen' industries in their own right and not included with 

Ceramics below. '7e describe briefly the following most commonly 

regarded groups of ceramic products: 1) Refractories; 2) Tile; 3)
 

Pottery or Stoneware; 4) Sanitary Ware; 5) Electrical Ceramic
 

Products.
 

1. Refractories
 

Refractories which are heat-resisting non-metallic raw ma
 

terials used in steelmaking, are frequently magnesite or native 

magnesium carbonate. The only large 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 are low in silica (under 6 or 8%) and low in iron
 



(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% silica. Reports have 

indicated that this can be reduced to about 6% (which is an accep­

table amount), by physical. beneficiation methods: however, until 

extensive tests have been carried out using flotation or electros­

tatic techniques, the true value of Chapare magriesnivt roanflvc to 

world requirements cannot be determined. 

Magnesite for refractory use must be fired at high tempera­

tures (above 3.000'F) in order to realiz e its intrinsic value as a
 

high quality, high value refractory material.. The use of fire
 

magnesite has become increasingly important as the Basic Oxygen
 

Furnace (B.O.F.)becomes increasingly important in steel. production. 

Magnesite is the predominant refractory used in the B.O.P. and
 

currently in the U.S. steel industry between 4 and 8 pounds of
 

mag4ncsia, refracti;ries are consumed per ton of steel produced.
 

These refractories vary in quality and 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; 20%..of the product is pitch-impregnated high purity 

magnesite, selling at over U0300 per ton. The criteria for selec­

tion of a refractory is quality, cons 4 :.ency in production and in
 

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

chemical compatibility with the adjacen.t refractory 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 some 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 (l0-40%),with the re 7 'ainder consisting of ball clay, 

china clay and talc. However, compositions are largely dependent 

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 tilcsusually contain considerable frit (from 20.50%) as well
 

as varying percentages of flint clay (0-35%); kaolin (0-30%' ball
 

clay (20-LiO%) 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 flowability. This material is fed to a mould and
 

the tdle pressed automatically; currently, auitomatic screw type 

presses can produce Vrom. 100 to 200 tiles a minute. Well prepared 

feed and effectively designed feeders allow production of tiles
 

of uniform density. 



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 arid packing. Inspection is an extremely import­

ant part of the production procedures and is obviously labor in­

both a color and quality basis andtensive. It is carried out on 

emphasis on it is often the bai sfor success for many of the Euro­

pean operations.
 

3. Pottery or Stoneware
 

Pottery or stoneware is made from dif'fern.ea Lypez; of clay t;hntu 

those used as the base for whftewares or refractories. The better 

grades of pottery are made from serir'refractory 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
 

.L *._. " .. . ",,'.; . .. . *. . . . -.4 - , L-' 
L " * -' - -. 

the raw materials in this product but rather mineralogical analyses.
 

These pottery clays usually are mixtures of naturally occurring
 

earthy or clayey materials and contain feldspar, mica, quartz 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
 

is at about 900'C to 1,000Care then double fired. The f'irst firing 

The war- is cooled, decorated and/or
in a periodic or tunnel kiln. 

glazed, dried, and again fired at about l250-13000 C. However, por­

dliction techniques vary considerably and often they are carried out 

in small f-.tily ope.atins using indigenous materials for the 
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underbody, which is shaped by hand. Glazes are purchased and also
 

hand applied; firing is usually carried out in small beehive. or
 

periodic kilns.
 

4. Vizreous ilumbing 

The production of these products differs considerably from the 

more usual processes previously described, and also from other pro­

cesses employed in earthenware inanufacture. The reason is the large 

size of the finr:hed r-roduct. Raw materials required include plas­

tic clay, kaolin, finely ground quartz, spodumrene, (a fine ground 

nepheline), syenite, pegmatite or feldspar. Other materials requir­

ed are tennin, sodium carbonate, sodium sil cate. These latter 

minerals are used to control. the workability of the slip or green 

clay shapes and obviously 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, using plaster of paris molds. These shapes are
 

now predominantly made by highly mechanized production methods in
 

factories throu,,hout 'he world. In an average-sized plant, between
 

200 and 300 pieces per shift are produced, or about 50,000 to
 

150,000 pieces per year. The large size of the ware requires large 

equipment and necessitates a high investment. 
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The labor component for an efficient automated ?ant is g'ne­

rally low, while the raw material and operatin- supplies cost com­

ponents are high. 

5. 	Electrical Ceramic Products
 

There are four major types of these products: 

a) 2teatite, 'T.,hich uses talc, clay, barium carbonate and 
cal.ium carbonate: 

b) Forcelain, usin, kaolinite, quartz and barium carbonntc; 

c) 	 U.ltra-, orc aln or mull ife, us ing l,nnnn., ol..y, barium 
car'n:Dnrl e nd -ih puri'y qinvt7.: 

d) 	 Corundum, using alumina with some fusible additives. 

The porcel ain eeramic oroducts are among the largest and most 

important of these groups. 

Ceramics used for electrical insulation must exhibit certain
 

specific properties including high mechanical and electrical
 

strength. The raw material mix must be molded into various intri­

cate shapes and specifications are particularly rigid, especially
 

re.arding, impurities, and manufacturers invariably purchase the 

purest materials available. Individual specifications for each
 

mix are proprietary; however, typical mixes for production of in­

sulators include- 20-26% feldspar, 38-t 7% kaolinite, and 22-40%
 

silica. The quality of the feldsrar is carefully controlled and 

kaolinite is often (!u: te pure. 

The prodiction line is similar to the production of struc­

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



and vacuum extruded. Clay blanks are shaped by various types of
 

presses, depending on the shape required, and then are dried and
 

aged. The Porm 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 reqidreU in producing insulatos, as well as in
 

design of the inix, 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 rifyid dimensional tolerances of the products. The equipment is
 

heavy and production rates low.
 



II. RES OURCES
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III RFSOURCES
 

A. 	 INTRODUCTION 

In the nonmetallic minerals area, resource availability is 

of prime importance in determining the feasibility of manufactur­

ing, opportunities. in understanding resource availability in a 

country such as ivia, one must realize that it is imps.ible tn 

estimate the exoat extent of non-metnllip minernl ps'nurces, given 

the current state Af exploration. Tv is possible that as Molivia 

becomes more fully exzylored new deposits of' these minerals in 

larger quantities and of higher aiality will 5u fn'iud in the 

discussion that folows, we have sumnimri zcd general opinions about 

mineral availability baced on investigations by many differing 

groups with differing vested interests. Tx:ir-tion is continually 

being undertanen by the government, by international agencies, and 

by various existing of .otential industries in the country; there­

fore, 	the knowlerice about available mineral resources will improve 

as time goes by. e muost base our present conclusions on what is 

kdo~vm 	 todaey but it, should be pointed out that this may change
 

time.
 

Tn the descrition of the various minerals which follows and
 

in subsequent chapters, we have, where possible, pointed out the
 

commercial p-s.ibiliries of certain minerals whether or not they
 

are known to be available. Tf certain minerals have margir­

al to rpoor potential, we so state, so that further exploration
 

for these minerals will be avoided. For other minerals, where
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information on availability is scant but encouraging, we have
 

specifically recommended further investigation to locate or
 

Quality more fully the existing knowledge.
 

It should be Tointed out further, that many nonmetallic 

minerals are high in bulk but low in value. Thus, because of 

the exigencies nf transportation, the ultimnte fensibility of 

ventures hased on these minerals will depend not so much on the 

th as rather its 1,.i-4,,,availability of mineral such, but on 

nnmetallie mincral s therelative to the markets. Fr ,ther 

potential in w-ld markets will be a unction of the quality of 

the mirrl, the eminnt and propuortion of the imp.rurities, and the 

extent of beneficintion necessary. Yresent mineralogical daly in 

many cases identf'iez the presence of minerals hut rarely gives 

detailed, scienvinic data on its conitionl, with regwd't) impuri­

ties, grain structure and the like. Pgain, where opportunities 

seem possible, we poirt out the kin1 of information necessary be­

fore the commercip] prospects of this mireral be evaluated. 

In the section below, we shall discuss the principal non­

metallic minerals previously identified by the government for 

evaluation. On the basis of our analysis, we have classified 

these minerals into three groups which will be discussed se­

quentially acooring to the following breakdown: 
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1. 	 STROiG PROISE 

Asbestos
 

Gyp sum 

Kaolin
 

Limestone
 

11agnesite 

2. 	 1,EDIM PROMISE 

3 a vit e 

Bas alt 

Bentonite 

Feldspar 

Ocher
 

Quartz 

3. 	 SMALL PRCMISE 

Corondum 

'halk 

Li atomi be 

Tflcmite 

Fuller's Earth 

Granite 

I1-rble 

I.,ic') 

Reoalgar 

Talc 



These rntings are based upon the known availability and 

quality of , 2ivian non-metallic mineral recrvs: very li t].e 

consideration was given an Ihis time to ccmercializatiol pos­

sKtatVoprevent informationsibilities. . eceuse of the imperfec 

it is important that these classifications be considered in
 

context of the F)hCve ccnurents. 

B. NON-METALLIC MI." PALS RFPRESEATI':G STROA G INTEREST 

1. Asbestos
 

The orient! pocrtion of the Cordillera de Cuchabambh, in 

the upper Chapare, consists of Ordovician sediments, except in 

regions of Oarge sc.le faulting, where some sediments of probable 

Cambrian age outcrop. ? sequence of compact anhydrite, dark 

shales and calcareous siitstones is knov41as Limbo Formation and 

is unique to the 7outh tmerican Cordillera. fccording to 

Schneider-Scherbina, the shales were subjected to very intense 

d,ynamic metamorphism, resulting in the formation of deposits of 

asbestos, whi,:h are 2 mited in rcur,'ence to the dark Phles and 

quartzites, subjacent to conglomerates. The dark shairr near 

Limbo were transf.rmed to crocidclite by mctazomntism. The fibr­

ous etucid,. ite fills fissures and forns stockworks. 

The Filadelfin Mire near the mouth ,f the Cristalmayu River, 

where it joins the P.;, ritu S2ntq River, is the most important de­

posit in the region. 7he crocidoiite here has less iron and more 

mognesium th-,n ccm ornble African are. The .an F,',ncisco Mine at 

Cristnlmay'i and the Mira Martha Mine at Minasmyu are other small 

enterprises that have operated in the upper Chapare region, where
 

magnesite hns also been mined.
 



Some asbestos production has been ei orted to razil and also to 

Argentina. Reseres have becrn estimated at 3rCC0 tors. Geobol 

has made recent studies for the Corporncihn Suoiviana de Fomento 

and claims the feasibility Pf producing about 500 tons per month. 

The most important unresolved question pertains to the quali­

ty of"the fiber. The quality of asbestos fiber is a function of 

its cleanliness, :penness and grading for homogeneity. Cleanli­

neZsrefers Tq degree to whiph asbestos fibers contninthe ex­

traneous materinls such as iron, other mineral impurities or 

asbostos dust: openness is the anount of' separatil n between the 

fib.rs • and grading is a measure of the hcmogeneity of the goup. 

We !r.a.ve received conflicting coments about the quality of 9olivian 

asbestos which must be resolved before the economic feasibility 

of asbestos pro-,ducts can be determined. 

2. Gyp sum 

Most of the gysun deposits in Bolivia were formed by the eva­

poration of lakes during the Cretaceus, Tertiary and Quaternary 

periods. The most important. r,,psur horizon is related to the clay­

marls at the base of the Pu-a formation, according to Ahfeld. 

In Entre Iios, Deportment of Tarija, gypsum occurs with salt 

deposits. The gypsum deposits of Crcoma and Sicaya, near Capino­

ta, in the Deoartmeny of Cochabmba. have a length of 30 kms. and 

a width of some 60 meters. Tt is claimed that this deposit has 

enormous reserves. 
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The deposit of La Union extends to the southeast from Millu­

ni to Huancapampa near Palea in the Department of La Paz. This 

deposit belongs to the company Estuquera Bvdoya. 

The Chuquichambi formation described by Henry Mayer is locat­

ed in the Province of Carangas, Department of Oruro. A white 

gypsum bed l.ocated in the axial zone of an nnticline borders the 

oriental portion of the Iiuaillamarca ridges, extending from the 

town of Corque 'o the town of Hua ill mnrca. The cnnstit.nntrn ,nf 

this g Tsum ].utite are (0.4% calcium suT.hate, Caol4, 6.96/ 

cal ium carbonate, CaC>.3, 0.50% magne:ium cnrbomte, MgCo3, and 

9.17' common salt, :iaC1. The gypsum ci)nvains some impurities. 

Thr loposits are chemical sediments, This same tomntion is found 

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

Geologist Salomon Rivas has studied the ,orthern region of 

Lake Titicaca and has established the presence of thick layers of 

gypsum near the top of the Permian sediments, which are responsible 

for the tectonics of the region. 

The following are the best-known companies producing gypsum:
 

* 	Estuquera Bedoya S.A.
 

* 	Estuqueria y Calera Ltda. 

Estuquerin Hilluni 

3. Kaolin
 

An outcrop of Archean rocks composed of argilleous sediments 

of Cretnoeous age is located outside the town of Concepci6n in the 
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San Agustin area near some isolate6 northwest-southeast ridges at
 

a height of about 600 meters. The region is covered by vegetation
 

and is accessible from Santa Cruz either by air cn route to Con­

cepci 6 n or by road during the dry s.eason--starting from Santa Cruz 

to Puerto -enegas on a ll5-kilcnoter asphalt ron.d, then crossing 

Rio Gr,ne, proceeding along a path of 80 kilometers to Palmarito, 

and then !0 kilometers to Sen Agustin, Where there is also a 

landing field rear the La Bella and Palmira mines. 

La Bella mine is located seven kilometers from San Agustin, 

and the Pa]mira mine is at 14 kilo-metcrs. The climate is sub-tro­

pical and humid. The rocks consis' :;f mica-schists and less meta­

morphosed qwurtzose sandstones and schists. Pt San Agustin there are 

outcroup ings of grv.ite and to a !. sser extent orthogneisses and 

phyllitic schists crossed by many quartz veins, some of them up 

to one meter widc. The rocks are gray to red-gray and are vari­

able in texture (fine to coarse). 

The clays or kaolinitic rocks have resulted from the decompo­

sition of granitic pegmatitic rocks, such as in the weathering of' 

limestone. The primary clays contain alkalies as impurities. 

The secondary deposits were formed by the transportation and re­

depositicn of primary cloy and contain some oxide imjuritie.2. The 

main constitiients of these deposits are kaolinite, halloysi';C, 

beidllite, montmorilonite, ilite, and bentonite. The principal 

clay mineral is kaol-inite: /i$0 , ] , 22:,Oj , LH2C . The c_ .ays must 

be woshed t.u reove .Amprities, e.:.J. mica, which would cons­

titute a i.,ossiblc by-product. 'The r<,.ervec have been ectimated at 
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La Bel.la, with a pos..200,000 tons at Palmiro and 65,OC tons at 

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 Palmira is 90%!, and at La .ella, 521. Inrast years 

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

Other deprsits are located in TIlita, Province of Tarata,
 

clay is mainly m,nf.mrillnnifeDepartment of ':nchabanba, where the 


associated with urtzcse sandstones, dolomites and magnesites.
 

A study for Corporaci-,n 	 73oliviana de 1c-mento has been made by 

a part of his study for the ceramicIng. B~josiav Cecil as 

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


only in the outcropping mantles.
 

The clay 'f the Altiplano have been distinguished as 

and illites. Kaolinites are foundkaolinires, montnv. cillonites 


in the Can T.(cliue mountain in jriro with a content of' 951 kaolinite,
 

3X% uart z, 2" hematite and some biotite. In La Paz there are two 

deposits, both in Sud Yungas. The Llojeta deposit contains 89% 

kco] ini e, '"'illite, 3'/! quartz, and 3% hematite. The other one 

has 900 kaolinite, 5/, nuartz, 4% goethite and some sericite, 

chlorite and biotite. 

mine, ProvinceMontmnorillornite is L'ound in the San Martin 

of Muiiecas, in t1 Department of La Paz, with 98%?, montmorillonite, 

-1%hi'Hc w I'llq n,7. The ;1nc mine, also in the Province!id 
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of MuFlecas, has some plsgioclase and hematite impurities and less 

montmorillonite. Other deposits are Calvario Horte in the Murillo 

Province, Callapa in the Pacajes Province, and Cotoca in the Mu-

Recas Province, all of La Paz. 

Kaolin is also found in the Province of Challapata, in Oruro
 

and in Cochabamba at Isatta, where some 80,000 tons of reserve have
 

a
been estimated. At Irpa-Irpa, in the Departmeltl. uf ('Qhnh.mbq, 

deposit is being develo.-ped for the cement indnistry. 

In the Department of Cochabamba the deposit at Potoitaca, 
near 

Capinota, has a reserve of 1,300,G00 tons; the deposit at San 

Antonio, near Angosturn, 60 kilometers from Cochabamba, has an 

estimsted reserve of 200,000 tons.
 

11car Uyuni, ±rovince of ,uijarro in the Department of Potosi, 

there is an impnortant der]osit. Also around the city of Santa Cruz, 

sor.e ten dcposits have been located. They are- Cotoca, Warnes, 

Paurite, Clora (huco, '.'erebinto, Chorobi, Huapillo, El Gebio, 

Espej.s, and !1urgatorio. 

The best kaolinite type clays are located in 3uena Vista near
 

the city of Santa Cruz and near Robore, at San Saba, 15 Kms. 

northeast of Aguas Calientes on the Corumba-Santa Cruz railroad, 

430 kms. in length. 

In some other areas the koolinite is a product of alteration
 

of shales by thermal waters, but because of their iron content they 

are not suitable for porcelain. 
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Geobol has recently studied te important terraces south of 

Capinota, in the Pocotaico mountain, where the layer of clay is 

8 !.r.-.5rs 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
 

deposit of San Antonio, located 2.5 kms from Isata, which can be
 

reached from the Angostura bridge, is found in Silurian rocks of
 

.i .fs Ipre­the Pampa foimat.i')n, weerc ri 11 . ,n,,l u . n,,, l( 

dor-- rate. 

Tn the upper Chapare, kaolinite accmpanies magnesitic clays
 

of Orccma and Buen Retiro,ccr.tining 599/ silica. 'De deposits 

the railroad from Oruro to Cochabamba, are important.
on 

are still working on a very
Small companies have been and 


small scale the most accessible deposits for local consumption 
by
 

ceramics manufacturers in ]!a Poz, Cochabamba, Oruro, and Santa Cruz, 

or by manufacturers of glazed tiles, pottery, enameled mosaics,
 

sanitary artefacts, etc. 

. Limestone
 

are found in various formations in the
Deposits of limestone 


Bolivian Andes, but their composition is not uniform and their
 

siliceous dolomiticoccurrence is frequently associated with or 


limestone, resutitng in a. complex -nd heterogeneous material.
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Limestone was deposited in the following geological periods:
 

Preci rbrian, Permian, Cretaceous, Tertiary, and Quaternary. The
 

age, is a compact, fine­.c.>'.,-,uena series, probably of Precambrian 

r. - :1 and hard limestone. Tt is found at Yacuses, near Puerto 

Sur: z, in the Department of Santa Cruz, close to the Brazilian 

bo-3>r. Reserves are estimated at 240,00CC0O tons. 

the marine lower f'ermi.n is frnrl nrnrThe Copacabana group, of 

The Fabrica de Cemento Mercules de Viacha is theLake Titicaca. 

which is
principal consumer of the limestone from this deposit, 

located 12 kms. from 'ilaque, a railroad station en route from 

La Paz to Oruro. The syncline is about i01, : 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
 

Cochabamba, are W-0 meters in thickness, are considerably extensive,
 

and are uniform in composition.
 

The terraces of Lago Minchin in the Department of Oruro are
 

of organic origin. They extend from Huancane to Pazfa, 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 2h kms. from Rio Mulatos on the railroad to Potosi, where
 

another hO0,O00 tons of rese:7veshave been estimated ( TABLE i). 
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Lago ".irhin 

Calerasa Vontalvo 

Centrl Zone 

Orcoman, North 


Orcoma, South 


Apillap~mpa 


Sayari 


Colcha 

Pesorapa 


Huancne 

Calacoto 


1 Tunal 


Custro Amicos 


Cerro Catavi 


'bap6 


TAPLE I 

i7t -

Ic i,7.7'~"'2 

SO P 0 

2 5 

DEFCf5IT2 OF LIF-"-TC07 

CCNTiENTS ('$) 
Al 0 Fe20 C O 

2 3 233 

iooc6-aza-Iuancan& Prov. 

Ataroa-Dept. Cruro 3.99 0.86 0.76 49.42 

2 Fn. S-PF station Carlos
i.lah~cado, Froy. Cuijarro
Dept. Potosi 

Dept. 
3.16 0.58 2.70 

otG~i2,300,000(Ca2C03 

Si;e-Sipe, Santivanez 

Dept. Cochabamba 

Orcoma, Frov. Arque 

ept. Cochabamba 

Dept. Cochbaita 

Dept. Ccchatba-ba 

Sayari-Colcha, Dept. Cochabamba 

0.18 0.36 1.52 1.01 40.90 

37.45 

38.56 

31.40 

46 to 
49 

Prov. Arcue, Dept. Ccchabamba 

Pasorara, De't. Cochabamba 

Hluancane, Dezt. Druro 

Cerro Paschi, Dept. Cruro 

Comarapa, Det. Santa Cruz 

Challa-Arque, Dept. Cochabamba 

Dept. La Paz 

AbapS Cordellera, E-- . :-rta 

Cruz 

0.78 

1.00 

1.19 

0.98 

0.55 

11.52 

1.18 

4.43 

0.56 

0.48 

2.18 

0.68 

030 

37.3 

21.22 

4.11 

50.73 

22.85 

44.70 

55.50 
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4.42 95.83 

4,950,000 

19000,0CO 

There is a blockTeei lc 

easy to polish 
) 

imestones. 

1.2 14.11 
6 

10.3 X 10 

3.45 

1.01 

2.10 

1.8 
3.S 

3.32 

2.74 

1.08 

1.11 

7.90 

5.05 
1.07 86.11 

3.25 

21.35 

8.51 
6.14 

4,285,000 

.10.5 x 10 

6 x 10 

6 
20 x 0 

25.x 106 

5 x 106 

800,000 

700,000 

22 x 106 

12.1 x 10 
varorifer Limestone 

0.45 1.20 530,000 



5. 	 MAG I E S ITE 

Two kms. from limbo, in the upper Chapare district of the 

Department of Cochabamba, there is a deposit of magnesite which 

forms part of the limbo 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 'dolrmitic) rocks by 

solutions rich in magnesium bicarbonate moveil by dynrnmie metnmor­

phism.
 

The magnesite occurs with deposits of crocidolite. The magnesite 

outcrops on both sides of an anticline and contains 75-85/,, gCO 3 

Impuirities in the rock are qa-tz, d,-,l-mite, calcite and micaceous 

minerIs. Reserves have been estimated by Geobol at 2 million 

tons.
 

Three mines have started some production intended especially
 

for use in the fabrication of refractory bricks. The mines are
 

San Francisco in the Cristalmayn area, 1.he Filadelfia mine and 

.+.hc M .1-,on.t, i,i .,I* Mi7n y.. in th. upper ;hapare. 
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C. LCO!:-M7TALLTC OF , ]TlST 

1. iBa'tl- s 

The basaltic ,ortho-andesiticvol ,nism in Baolivia has produced 

nelahyhric ]avas in three different strategraphicbasaltic and 

, :,-Tertiary and quaternary. The ba­horizons: Infr'a-1-ttic:i 


i:tente dring the lower ,Crus::tln ion
saltic vn -aniej wn: m.re 


: uth K;long theperiod. The bW.;O er' ,bsrve, frcm rh t 


synclincs of ': n- ~int, Ynco, ,n2>vrp.ni, Wh'
Mr r. rn,,tro. 

accr-ring to P-.hne der- Schorbina.Colquechaca. -,tcsi and Tarabucr, 


They are more abandnnt in the Mcha-no'rf rr'ni. OF the .arngua
 

area. 

hasnlts reach the sub-,\ndinn region of Entre
'",':ard the enst ihe 

Rio1, where the synclines of Salinas and Saururo are found along 

with the ridger of Mndecapecua. The; fnrm thin layers but are 

meters of vertical thickness. Thedistributed th"-ugh,-ut 6,0 

ccmpcsition of the basal ts varies from those rich in olivine. to 

these iOne fr',-m it. ,cr]ding to Phfla, the ri- lin basalt 

has abundant ilmenite. 

The melaphyres n'f Tar'buco contain disseminations of native
 

copper and c yper minerals.
 

No basltO have bccn exploited in qolivia. 

2. Mdhtonite
 

This type of aly occurs in second ry deosits formed by the 

trsxn:;po'taLion, of riyrary clay resulting frcm the decomposition 

of r,-0iaii ',mLi Lto rk.,'ks. These deposits hove been located at:,,-
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1. Achocalla, Province of l'l in the .epprtmont of In P:n; 

claimed to contain VI,, henronil -e:ontmorillknite), 1,41? 

biotite, and l'yillite. 

2. 	Province f Challapata in the Department o' Qruro, where 

the claw conains 7(1 bentonite and is accomi:anied by knolin. 

3. 	 Fatima Mine in the Frovince ef Muiecans, Deparlrment of La 

Paz, f,'m ..hich Geot.ol has made scme studies not yet 

published. 

It is said that these clays contain mnn' impurVins, csnceir'11y 

mica. The bentonite used by YPFB is imported from Argentina. 

3. 	 Feldspar 

The feldcpors in Klivia are of little importance. Large mas­

ses of pure orthoclas have been foun1 tngethcr with deposits of 

kaolin in "he pegmranie:3 )f the Th'ovin-'e of Nuflo de Chavez, in 

the Dhejrtmn,,t of .a..a Cruz, in the local ity; ' of Son Agustin. The 

feidoars are mainly rarthciaze H:,a) A1i3009. .,ose crystals some 

6 cm. in length nre found in the dacites of Oruro, in the porphyritYi: 

manzoniten of Quim.a Cruz and in the intrusicns of the Illimani. 

In the tiffw of the C~ndoriquina Mountain, South of the tow,,n of 

14acha, ir: rhe :.cpartment of iotosi, there are also some smill crys­

tals of f'ellspav. Wil]agical e;ovrts o, the .]alln.ga tin mining 

distri::t indicate the :rea:ence of feldspar in the Salvadora Mountain. 

it 	can also be found in lluvial deposit s of Lavisa ord Hantingui2­

1io, 	Wes of IKWngun, in the Department of Poto:i. 
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i. Ocher 

,, ,,rtr,:, ,, , .,r ha .ite at E1 Motacu, south of 

.L"v~uce of San ,Tos6 de (hiquits, Dpartment of 

Santa Cruz. They .rt-i o ,;.v.via.l i 	 o] ated hills w:hich are part 

, , 'nhi ' f , e a0dT, ir i,, : mtnIr 	 .hrcdis Lrict.of the %r07 I i in 

Thei v~ nii- Arc 1 i L"i '" Lh"Z. j C'**i 	 tS 

Ocher is also found at Favello, Frovincr of Wybnf.n, Pc',zni Cn, 

of otos. In the []tiplan., or 4sl.ivian high pihfnu,"L,,tCl e iV, .y 

hiil, -i"i 	 WC(.riflhn(,r in .'ivin.-, : i, ir;, q l v n., 

5. 	Quartz
 

found in many hypother-
Lqrge .rismatic crystals or quartz are 

mal veins .fwolfrimite, as in Chicote Grande, and in the tin mines 

of Ator~mn, Vil oo, Chjnacota and 1]l]an7ua. it the Rosario Gold 

Mine of iraca large masses of quartz cnn be found, occasionnaly 

Qua tz fEnr gem ,u rVses, such ascontaiing needles of tourline. 

amehsth , is found in the qe,.des of te melhyvres of T.rabucn, 

,fthe Wi¢re. -uartz, as chalced ny, is f-und with cassiter­south 

ite in c.me erithermal deposits. Epithermal quartz veins with gold 

are also fu.d in Pnleozric soft shales that have been little if at 

all me tam,rhwed. 

Quortz veins in the Uorthern Cordillera form aureoles around 

granitic bathliitlhs, showing genetic relation with them. In the 

Center and 5,uth illera -f'the country quartz is related to.ird 

nWKtl ,Oi i veins. 



In the province of ,elasco, West of Santa Ana, South of the 

road Motacu-Santa Ann, in the Department of Santa Criz, there is 

a vein h to , meters in width and 2C meters in outcrop. Crys;tal 

Mountain in located in rhe annsas ridges. north of San J's de 

' Chiquito s, also in Oc lejrtment of Sonta "uz. No studies have 

been made of these I: rits. 

Quar-zit.ic sondc, '.ith 1)51 white silica, are found ns crunion 

products of the ] vn f'lw: betw:een cvqruyo nd "'j'. 'bhi rty 

kilcmeter; fr-rm chahanrba there are sqme white nrd red silica 

deposifo grading ,ij in2, uscd by Simo:sn Pfractories Factory of 

Co chabumb a. 

AL Codlana, in the Department of ia Paz, important deposits 

can be found. The FGb.ica Kccional de Vicrios y Cristales S.A. 

in La Paz is the most iinpcrtant cnsumer. 

D. ,O-M'FAI T , ° T:ERAI.S RI'FSE7TING CMAL INTEREST 

1. Chalk 

This variety of calcite, white or reddish white or sometimes 

yellowish in color, is a soft earthy material found together with 

clay it .mites, I Y-vince of Zica-Vica, Dcpartment of 1~a Paz. The 

banded veins wre deyisited as a p,r'dct of thermal waters. it is 

said that thero are -thr deposits roncttered in several parts of 

olivin, but there are no studies or dat, available. Pased on the cu­

rrently inf'oiation "ivailnb , , firther inveStigation is not recom­

mended. 
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2. Diatomite
 

'Matomite, more ccm'monly known in 5olivia as tripolita, com­

posed of the siliceous shel]I of diatoms and other microscopic 

species, cceirs it ire region of Lake Titicacn. U appears as a 

very finre- gynirv'3 'n riLi clay or earthy che 1k, but is1h, to 

harsh I th',L.uch . t e:.f,]oited by the indin- in small 

yvC
mnaunts, but-the r:'sibilities for' c,mmPYcK nx<plni tnfinu 

inves4ia tiinn is not recomnended.minimal, ana additional 

3. Dolomite
 

Some doT mite is found at the julitna Wine in the mining
 

ruro, where it generally
districof '-de ,iqui, near the city cf 

The mineral in ,MOPt, dry nnd fine grained,accu:n-ariez scheelite 


in large
due probably t, its c,1loinsal origin. ft usually ocrurs 

masses with wide fracture-s. hosernves nre belleved to be limited. 

The mine is accessible by r'oad frum Oruro. 

i,800 tons were exported to Chile,
During the period 12-19h 3, 

but this market has not been maintained. Anvther deposit is found 

h4O bos. 'rrm" C '-habumbi in Santibhiez. This dnlrmite in accompanied 

by clite,whichl iteal contains 22-, NCO.. There is nnc,estimote 

of res 0mna .vr....37M, frqm :Pchahmhbc, ir currently using
 

is not consideredthis minernal f'r refractories. The KIomite 

important n-ugh to j,si fy en indcustry by itself, but it could
 

pet hen be uj p lied t, a new refrat, rj es industry producing a
 

e s
 
broad produ t linu. !TWer preoc: circums5tanc , additional study 

in not recnme~rd. 
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4. 	G anites
 

Practically all the Cordillera Oiental has an uninterrupted
 

central granitic area which was produced by magmatic activity in
 

the 	Ortc-.Anran ?',ne nf P"livia and which culminated in etensive 

hkyjpo-abyssal intrusi-ns into segments of the lower Paleozoic. Due 

to 	the irregunr exmcMt .fthe epeirogenic uprising in the Ortho-


Andenj zne dnring the apper Cenozoic, the geographic ,ial,'Ib,,Lin, 

of the outci w : ] ,, ,: 1 bwi ati-.:, !" uit ,Li , there is 

certnin -egionnl sz~yn' 7.ty 

The ignecis activity produccd a row -'f hatholiths distributed 

norf,,i 'j . :1,,iIrwort nI -,n about .00 kms. Tn the northern extremi.ty 

close to i'eru lies the 0',dil]era dc Ar,lbnmbn, whee there is an 

outcrop of the granitic s:tock of Sunchulli. 

The Cardil],"ra Real has five igneous masses of granitic and 

granodioritic out cr'op. These are: 

1. 	 The Fornta atholith, 50 hms in length, extending from 

the Jlomla .?iuntain and the Anko huma 6, 500 meters 

high) to the W,-,.1ann hiver, covering a surface area of 

about <0 !n. 

2. The :huur; intrusive, in which the most conspicuous 

mountain in The !iuWinn !t': n,,U mts. high). 

3. 	The Ta''A . -iMururta b,.hr:!ith. 

4. 	 'Ihe Llimani in:ruive with the 11limani mountain, the 

second hig e;t peak in Anlivin. 
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South of the Cordiller'n Real is the Cuin1z. Qr'uu, 5 1c'1:. ]on.. 

2covering an area of 300 urns. with practically a continuous mass 

of granodioritic outcrop (see map'/. TN Lhesc "o-dillernsa conti­

nuous sequence of manatic differentiation *v:-, prduced starting 

with a mngmo 'f g nwJioritic composition and continuing to a dio­

ritic etreme and n lter granitic e:.:Laeme. The i ntrtisive rocks 

Ai[h n ,".-inriOl tPL 1 lMinnO-­differ frm a caic-nlknlin ' mn na, 

of potassium ove r sodium. 

Most f the Eranites in Bolivia are found between 4,500 and 

6,000 .eters above seo level. Because of the difficulty access hu 1w . ,, 

few . .u5-rp5 orf qani te:;lack ,W 'r)ads, only adll'l ". and the 

Car use in cnst ruction.have bhc. w.rkedana very smnll scale 

The :!ost krown anr oio ed deposit is 'manche near the city 

of La Paz. ecause 'nf the geneal inaccessibility of the knowm 

granite deposits, and thus the impracticality of its ex,loitation, 

we do not recommend further stuy. 

5. Fuller's Earth 

Glactite, a variety of ntrolite, has been identified (but 

not evaluated) at the 2npo M.untain, in the ridge of Palca, pro­

vince of !vonra, Arepartment of Cochabamba. Some studies, as to 

location and size of the d0 osit, have been made by Weobol, but 

have not becn p'iblished. lydrathormol veins of ankerite, barite 

and sodalite ncempnny the syeltic intrusirn. latrolite was 

formed b:,, the Al terati-,n of sodnlite. It is Found in dense white 

masses with a fibrous .e::kuire. Vary,' ittle detAilrd investigation 

has been made. The lack ,f pruv.n rc.:erves and quality coupled 

wirh low v' .l"eOi<. d(ma!,,] :1. 'ha the study of this :aterial 
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not worth pur1hing further. 

6. 	 Marble 

There are no reported commercial qualities of marble in Boli­

via, 	 although there are scattered deposits which are important 

are con­only for local consumption. The following five deposits 

sidered the most important: 

fineA calcareous rock, 6 meters thick, easy to polish, 

grained, compact and uniform, is found at the Catavi hill. 

of Tambillo, near the tor.n of Huillamarca,Nlorth 


in the Titicaca Lake area.
 

• At the Laurani hills, close to Sica-Sica, on the railroad
 

from La Faz to Oruro, there is a deposit with three cal­

careous veins. The rock is reddish-brown and crossed by 

ferruginous stringers. 

* 12 1.is. south of Derenguela, Province of Pacajes, in the 

Department of La Paz, there is the deposit of Mirazapani, 

consisting of a few calcareous beds frrm I to 5 meters in 

thickness, resting on Tertiary arkoses and sandstmes. 

The deposit was formed by thermal w.aters, and the calcium 

carbonate was dosiied iii colloida-, form. Thc rock can 

be cut into large blocks rind cnn be well polished. It is 

called Marmol de :erengue3a. 

in the area of Fuerto pa..sarIUneIL of La someDTl, Paz. 

de]:osits have bcen studied by Gcobol. Ho E.,Porma :.n is 

available.
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In the Province of San Jose de Chiquitos, Department 
of
 

Santa Cruz, Geobol has reported the existence of a deposit
 

No reserves have been established for
of reddish marble. 


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 Volivian marble is not of exportob1.e grade. These specific 

they are today, but no further 
sources can continue to be worked as 


industry is justified.
stimulation of this local 

7. Mica
 

A wide and extensive belt of muscovite is located between 
the
 

Quiser River and the town of San Agustin in the Nuflo de Chavez
 

Province, Department of S-nta Cruz. The orientation of this belt
 

is South South Fast. 

Tw.o mines have been operated in the belt. Mina Hegra was
 

originally worked by Casa Schweizer during the years 1926-1928, 

and later by Casa Hardt; both companies were from Santa Cruz. 

Mina Tegra is located 2 Anns. southeas&; of San Agustin. In the 

Dionisio Foianini worked the mine for columbite. years 1 9 53-1 5 4 [Mr. 


Mica has beek ex.ploited from an irregular pegmatite occurring in
 

mica-schists; the mineraj.ization includes quartz, orthoclase, mi­

in color, and has crystalscrocline and muscovite,which is olive green 

40 cms. in diameter. The mine was worked to about 70 mts in depth.
 

Wr. Foianini produced a tota of 20 tons of
it is reported that 

mica. 
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In the year 1945 Corpornci(n Poliviena de Fomento studied 

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

The other mine in this region in Mina Verde: located 5 Ims. 

vein is 20 meters wide, and theNorthwest from "an fAgastin. The 

muscovite has n fish-tail structure. It was worked between 1.9112 

deposit also contains columbite and monazite, butand 1943. 11hc 

of these minerals, including muscovite, were considered ofnone 

porjLorl R.Ie1ccmmercial value. It is reported tha;, 38 ton wcee 

on the declining world market for high-vamlP mica (because of the 

sheet mica market, byreplacemcnt of electronic tubes, the major' 

solid c;ate components and because of the small and low value per 

ton of ground mica) we believe that commercialization of these 

queztionable deposits should not be considered.
 

8. Realgar 

Realgar is a very rare mineral in Bolivia. Some nodules
 

are found near the Peruvian border near Candarave. In the locali­

ty of Urmiri, in the Carocato Valley, Loayza Province of La Paz, 

there is a small deposit of ?ecent age, formed by thermal waters, 

which contains scme cinnabar and sulphur. Occurrences have also 

been found in allasa, near the city of La Paz; they are also of 

thermal origin. 

Ar-senopyrite, or mi =pickel (AsFeS), is more common in Bolivia 

and is found associated w-ith wolframnite in hypothermal deposits 

and also accompanying cassiterite in many tin mines. 
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Again, we see little commercial value in these spotty,
 

small occurrences.
 

9. Talc
 

Very little talc has been found in Bolivia. Some talc occurs
 

in the upper Chapare area,
with nagnesite in the Limbo formation 

talc is also found in Camacho,Department of 	Cochabomba. Some 

of the Department of Tarija. Coercinhization of
Arce Province 

n l bo ,lQ U..--q',' ul sC it can be
these margin l 5ri r o,. 

bas.e! on mogi~tc rrventureaccomplishd in conjunction with a 

talc. No 	specific

another more viable material found with the 


of talc is 	 recommended.inves't-1-tion 

IN OTItR AiDEAN COUHTRIES
E. bITiERAL AVAILABILITIES 

Mining or manufacturing opportunities within 
the context of
 

the above 	 availability clas­
the Andean subregion and suggested by 

a large extent depend on the quantity and 
sification 	will to 


similar minerals available in Colombia, Chile, Peru
 
quality of 

In table 2 we 	have developed, for specific non­and Ecuador. 


the present 	availability of 
metallic 	minerals, information on 

these minerals in the other Andean countries. We have attemped
 

extent to 	which Bolivian resources
Lo provide judgcmcnts on the 


or superior to the resources of thc other
 
are inferior, equal 

On this table an "A" inrvirates that Bolivian
Andean countries. 


to the resources in
 
resources are considered generally superior 

are 
the other 	 countries, a "B" indicates bha BU,].LviA resourccs 


riz~1 ."" 1r' vino resources are inferior.
•~ , ,,,~,,.h,1~l ir. l 3 
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TABLE 2 

AVAILABILITY OF NOI-METALLIC MINERALS IN ANDEAN COUNTRIES 

Peru
Chile Colombia Ecuador 


Asbestos A A A A
 

B ite B A B-C
 

Dolomite B B B B
 

Feld.-par B B B 

Gypsum B-C B B B
 

Kaolin B B-C B B
 

Lire stone B-C B-C B B-C
 

Nagn' ,e A A
 

Marb'I& B B-C B.- C
 

Quartz 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 over the other Andean
 

countries. In the remaining non-metallic minerals for which a
 

comparison was made, the other Andean countries have similar
 

resources.
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IV. THE CONSTRUCTION INDUSTRY
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IV. THE COUSTRUCTION INDUSTRY 

A. INTRODUCTION
 

The construction industry throughout the world, as in Bolivia, 

is the largest consumer of materials and products produceri by the 

non-metn lic minerals industry. One cannot fully evaluate op­

port :r - .eo in the non-metallic area without developing an understand­

inccf The present and future construction industry within Bolivia. 

In t.e - rt tnus far we have been dealifig with available minerals 

and prcuccs ;:_ could be made with these minerals; in this 

non-metallic minerals area from a diffei'rentsection ,,Te.ill look at the 

perspectlve, i.e., from the largest ultimate end use market -- the 

constr-'rc ' on industry. 

The basic materials used in construction are steel, cement,
 

sand, gravel and rock. These basic materials, in their upgraded 

value, riepresent aLnost 74-o of ho ma1q.ial im'ut to the ccnc­

truction sector. They are used in the foundations, frames, walls, 

floors and ceilings of mc,.t of the buildings in Bolrivia and they 

are also the principal inputs to the construction of highways, dfms, 

sewers, and the like. Eot only are they used in crude form, but
 

they are also the major constituents in floor tile, plaster, pipe, 

masonry, and other specialty building, products. Durthermore, 

secondary building materials such as asbestos cement products, 

clay brick, gypslm, glass Eand sanitary ceramic ware all represent 

major markets for non-metallic minerals.V With the exception of 

certain high vaiue-ndded non-metallic mineral. products (glass, 
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ceramic ware, etc.), rm.ost construction pr-dicts are relatively 

high volume, low value products in ;ih freight costs are a major 

costs. irndirate7 co'nstructionelement of final hi:s hat low value 

materioJs for the not rart rust to the rc)estic for,rk rmrlket 

t"..principal outlets, ::ith c.prort marlets being incremental 

n;r. ,ets with marginal or no profit:. Tis generali7atiofn is par­

ticul-,xly valid in Bolivia, where freight costs ,out of ithe country 

are relatively high and most construction products of the low value 

type are readily available in neif;hboi'ing coimtt'ies ,T]ierefwe wr. b.litvc2 

that it is essential to develop a brief description of the cons­

truction industry as it exists today, and as it may exist in the 

future, so that the non-meCnllic industry can be more thoroughly 

understocd.
 

In Bolivia, as throughout the world, the construction industry 

is highly fra-ented, very cost-ses1sitive, nnd poorly documented 

statistically. While it is beyond the scope of our present as­

sigrmnent to document and analyze thoroughly the construction 

industrj, we have made a brief attempt to do this below for the 

purpose of developing insights into this la-'ge potential market for 

non-metallic minerals. It should be stressed, however, tlt the 

figures presented in TAPTE 3 dealing with size and growth of the 

construction industry are e::trcmely pre] .imin ry anci are based princi­

'pally on public data. We have aujonentord this by modest :mntn ef field 

work within the country and Aithur D. Little', previous experience 

in the construction industry, in other countries throughout the 
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in­world. IL is possible tha, the numbers s itcd be1ow are 

accurate--indeed many differences of opinion exist in the industry 

ourwithin Tlivia--so thoE. ala profcssiona! .7 will not agree with 

estimates. WIe believw ,Y._.'Jeve, thmt in the £-'t 

place, even ovdri.r of mPgnitude numbers are necessary to understand 

to d] Cfccnt factors. In thethe scnsitivity of the inustr; 

- tosecUrnl place, c.'der cf magnit~Ie nu:s:hors are acourapto t:' ex­

taking place in this industrinl sector. press the i:r.portant dynamics 

TABU , 3 

VALUE OF COUSTRUCTION 
(million- of current B]olivian Pesos) 

Total
Materials
Year Value Added 


122 98 (457,) 2201958 

1959 139 111 (P 5r%) 250 

1960 168 136(42%) 304
 

1961 136 110 (45%) 246
 

1962 181 146(45o%) 327
 

3831963 '212 171(45') 

1964 221 177(45) 398
 

29.1 ( 45') 651196 5 360 


525
1966 291 234 (45W) 


1967 342 247(42%) 589
 

1968 451 304(40%) 755
 

1969 4'1 362(45c,) 812
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OLTV I AB. T S='S OF TFE CO2TIUI' .. - " 

Table 3 hh'. the MinJstry rfA',;nfi.g current estimates for 

the value cf constru ion in :'-]ivi. in current tcnon, f-cm 58­

t>61'- rh:n:s se nrnte]y .hI "vrnlqc added" ccmponentto )69. Thir 

,, 
of th" cnrtruvtir. i" lsry (b.r, -erhe , pr:ofits) nnd the 

materinis vqm r whr.c.;}ich i:cludes the value of the imported and 

de : al.-... v"K,., mnte'riais us:ed in thi sector. These 

are ce r'a ,,e inn -- ne-- st--1-,$h in nfa P. F-,zimn .figures 

value and percent meteuials. 

It should be Pointe& out that great confusion exists in this 

1
& the job siteindustry as to whthilr " mterial is produced 

(i.e., part of the construction materials sector) or by the mining 

sector or idustrin! spet,-r. For exmple, sand and/or gravel may 

pit by the cnntractor.be simply AWded io truck At the gr'vel 

'lis value f.rmfly represents va!e of the mining industry rmther 

in prnctice may be includedthan of the c nstruction industry, but 

hWcRko are mnufnctiuredin co, stiucion, Simi rly, if woncrcte 

not at the jcb site but by the contractor, this value should. tech­

nically be included in the marufacturing sector but usually is al­

locate] to the cc.rstrurtion sector. e believe the estimates shown 

above and devel.oped by the goveriment are valid approximations of 

the true situation and are suitable for ou: urroses. 

In reviewing this table, one can see large variations in the 

level of activity over this time pericd; furthermore, it should be 

pointed out that a significant portion of the growth in the bottom 
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!ine of Table 3 rcflects inf!ntiun rather than a rapidly growing 

value of the contruction. 

Table 1;be'ak: diwr the value of cnstruction for the year 

19t1G into six difficn=t subsectors (housing7, cs:nrmercial, industrial, 

each with vor'in7 material requiremonts. In Colunn 1 ofet-. , 


this tat!e we shw the gross value of c~nstractin; in Column 2
 

have inductd n5l of the gros:, valie reprosentcd by jverhead,we 

profits and other i.ndir-.ct costs to develup the net vblue of cnns­

. , n -,ia
truction which reresents the costs of direct labor n 

columns we have cbvei n,e, stin,'.tes for the netIn the remaining 

as concrete, ma­value o2 the eonstruc ion in vnric,s trdes such 

sonry, finish, electrical, etc. 

It is cignificant to note that a large portion of the total
 

.overnmcnt.
is controlled by the Pational
constructin in Bolivia 

Such sectors include public buildings, highwoys, streets and 

This suggests that thecivil engineering (sewers and the like). 


in the po.;t and will in t ne future play
National qovernment has 


This provides the
 a strong role in the construction indis .ry. 


significant opyortunity to lead this industry
governrment with a 


through a heuthy and p3]anned maturity phase.
 

As shown in Tble 4, the "other" category is large, parti­

cularly in the civil engineering portion. These "other" items 

can be divided into two princip9l types, neither of which repre­

sent mrjor opportuni ties for industrial development at this point. 

First, it includes large sums repracenting labor and equipment, 

P ( 
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TABLE 4 

Vajue cfc c tr,. , .tirn C,:rmonents 

vised on 1 C-Ccnzruct'icn Data 

(Millions of Curren:; Pc-sos) 

Gross Net Value -le- Do:ors F, 

Value (7, Gross) ..... - ...<nr? Finisr tr 1csl -1u,b ICws Other 

Housing 169 127 44 15 5 10 0 35 

Ccrmercial- Indus trial 
:3ildings 46 35 11 3 3 2 3 3 10 

tuiblic & Health 

:uildings 52 39 13 4 3 2 4 3 10 

igways & Streets 200 IC0 8 ..... 142 

urblic -neer 

- 165 124 25 6 - 6 - - 87 

'ivc.(4,. E.ldg. 601$ 

Civil Engin' ri_rng) 123 Q2 23 5 2 2 4 2 54 

755 567 124 33 13 20 21 18 338 

Sourv::c -thzr D. Little, Inc. Estimates 
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rather thn materials, particul.ra" in the hiJhwL7, stree.s ond 

civil engineering 'qrea. The principal materials in these seetOrg 

include stone, fill, send, aphalt, pie, and highly-si-eciaized 

mechanical equiptment. Secondly, parti nularly in the bil.ding 

porticn, the "er" category includes rmgl1 quantities of n large 

variety of different prductz including air conditioning, elevators, 

heatirg equi,,ment., and other speciality products. 

It is en *rent fr,:m the dWtn w':ented in TAble 4, thL t lo 

concrete portion of the construc tion Wistry, conple, with a 

large nm7unt of sand, gravel an& fill a:,,d in civil engineering, 

acconnt fur the balk o'f thu cons .,ution materials used in Bolivia. 

In Table 5, we have token the net vlue of the different 

trades or subsectors nf constriction shown in Table 4 and have 

attemted to opnrate m oto l value frqm the labor content to 

de,,e!lao the ttl vniue:: .f ma teriA used in the cors truution 

industry. Th.(S are agoin order-of-magnitude estimates which are 

consistent b th with nur own understanding of these trudes and 

alSo with 1A .... e J mt,,ri al dnvelnime',t by the government 

(Tabl. 3). .Quin the estino arise; ast wlAnt constitutes 

mterial ,r lbr. in the ccnret.e sectnr, for exnmple, we are 

coun.ting a: rWaleyri ,l c- s, the cost of rnd, crwent, gravel, re­

inforci:g Mte, nd forms rognrdless of who buys and who mixes 

these materiol:;. 
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TABLE 5
 

Value of Materials
 

(Millions of Current Pesos) 

Percentage Value of 

Sectcr !let Velue ,aterial s Materials
 

Concrete 1214 751 93
 

Masonry 33 75% 25
 

Finish 13 305 4
 

Electrical 2C 80% 16
 

P umb J ng 21 80%1 17
 

Duors anld
 
Windows 18 75% 14
 

Mizc. 75 80% Bldg. 60
 

250 301 Civil Eng. 75
 
Total 30]
 

Source: Arthur D. Little, Inc.
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C. THE TRADES OF ThE CONSTRUCTION ITDU TRY 

In the section below, we will review each of the six trades
 

ctuatified in Table 5, with particular attention to the material 

usage in these trades. We will also make observations on the op­

portunities that nay exist in these material sectors for new 

industrial projects. 

1. Concrete
 

Table 5 shows that approximately 93 million pesos were expendedl
 

for concrete products in 1968. These materials were broken down 

approximately as follows:
 

Cement 30 million pesos
 

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 represents 60a of the total value of construction, it
 

only constunes 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 market for 

future growth.
 

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

crete in 1968. This is the largest market for cement, but an 

92 



a]ditiona. 25,000 tons were used for producing concrete products 

(floor tile, blocks, shapes, ad 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 construction 

activity or perhaps &/ a yea!; it will, therefore, be at least ten 

years before the demand for cement approaches the 200,000-ton 

capacity currently being installed within Bolivia. Certainly
 

no additional capacity should be planned at present for the do­

mestic market.
 

The current ?rice for cement in Bolivia is relatively high
 

compared to world market prices. Cement prices are 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 West
 

Coast of approximately $20 per ton and the large cement capacity 

in Chile, Peru, Brazil, and Argentina, mike export markets an 

unlikely possibility in the short term, although small incremental 

sales may be possible in Western Brazil or in Northern 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. Export opportunities seem
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a newremote. he cement industry, therefore, does not represent 

or,7ortunity for the country or a new market for the non-metallic 

industry for Bolivia.
 

The aggregate portion 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 for expansion of existing industries or creation of
 

new industries. However, these industries wi]l reinnin unnl1, of'Len 

under the control of highway cutraa:L., prodiict mnfacturers, 

or building contractors, and do not represent an opportunity for 

high value-added manufacturing opportunities. Sand and gravel are 

readily available, are cheaply mined at $L-$2 per ton, and do not 

significantly benefit from large scale production or new technology.
 

Transportation costs are paramount in the sand and 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 50% 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 materials. In addition, it includes modest quantities 

of concrete blocks, special shapes, and walls technically not
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masonry but such as curtain walls, precast concrete wall panels 

-r,' the like meeting this end use. 

TYe use of ihollow and solid brick in Bolivian construction is
 

well established and in all probability will be replaced by newer 

proCicts very slo .Tly if at all. Therefore, this manufacturing 

al'.oI is relatively secure for the long term. There are, presently, 

a few major and a larger number of small tile and clay proclucts. 

companies in Bolivia which are currently meeting the dcemnlis -' ti 

masonry trade. There is, furthermore, no export . lportunity for 

clay bricks since they are relatively inexpensive materials ranp,:hirf 

from 200 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 ijroduoq 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 sector also tend to be small, have iow capitalization and are 

not sensitive to economies of scale or new industrial technology. 

While it is possible that there are opportunities for more sophisti­

cated concrete manufacture, particularly in the areas of pre-stressed 
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pre-cast concrete products, the feasibility of such ventures is
 

vjlrt,.9lly independent of the availability of cement and aggregates. 

Fn:,1bility studies should be undertaken only after a detailed 

analysis of the construction industry has been completed.
 

As st'td in the concrete section above, the availability of
 

rrvc.otes ancl ccrent for this sector is currently more than ade­

quate as are the existing sources of clay for the ile and brick. 

3. Finish 

The finizh trade in the construction 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 available 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
 

Western Europe produces a wallboard product from gypsum formed 

between two sheets of paper. This gypsum wallboard is particularly
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appropriate for uocdfrarned construction and replaccs wet Ompsum 

plaster effectively where labor costs are high. The scale of 

of those plants mahtes it ineffici.ent below ierels of I
economics 

million square meters per yia,.; and in fact; the ncer plants 

throughout the world are a., lar-ge as 20 million square meters 

pevr ycr. 'lant costs of' such facilities ai-e US$l0-20 miliion. 

3ecause L-fuh se f na:lonry constructrion in Bolivia, the re­

latively ratall building construction market, and t'le low labor 

costs in Bolivia we do, not consi . the installation of gypsum 

wallboard facilities a good opj.sortl.:i]ty at this time. 

4. Electrical 

The 60 million pesos expended for electrical materials (as 

shown in Table 3) represent on the surface a large market but in 

fact represent hundreds of different products including wire,
 

cable, conduit, wiring devices, bells, outlets, junction boxes, 

electrical fixtures such ,.s lights, and electrical equipment 

including transformers, circuit breakers and the like. This 

electrical value excludes the large value of major electrical 

equilrment used in generating, distributing Lnd regulating power 

but rather is limited to the electrical socpJies used inside of 

building construction. The opportunity for these products will 

be discuJssed under the Electrical/Eiect:'cnic Sector study.
 

The only onportunity relatirg Li tne non-metallic minerals is 

the very morlest quantities of eect-":Lcal porcelain. 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-metal lic sector are the vitreous china 

plumbi.g fixtures, which will be discussed in the ne-t chapter. 

6. Doors and Windows 

Approximately l4 million pesos expended for doors and winF.Jwn 

rost cf these made from wood, steel, or 	aluminum. The only
 

possible product opportunity represented by 	 this Sector is for the 

also be discussed inlocal manufacture of' sheet glass which will 

the next chapter. 

D. THE ROLE OF THE GOVERNMENT IN THE CONSTRUCTION INDUSTRY 

As discussed above, the National Government of Bolivia already 

plays a major role in the construction industry since it is the lead­

ihg;buyer of construction services in the nation. This fact alone, 

coupled with the government's active role in attempting to provide 

housing and other social benefits to people of Bolivia, puts it in 

an excellent position to help regulate and develop the construction 

Many building materials industrial prn jectsindustry in years ahead. 


based on non-metallic minerals will succeed or fail in the future,
 

based on the health and maturity of the construction industry; the
 

goverument indirect.y can assist in making Lhese industries viable
 

bh t;h hy if's pill-,'ri'li riffn ,]i (lni',vy nhi ir.i s. Speeiffc steps 
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which could be taken by the government to improve the climate for 

construction materials industries include the following:
 

1. Balance the volume of construction occurring from year to 

year 

shown in Table 3, the volume of construction activity inAs 

Bol.via has been erratic. New ventures to produce biii1ing rrl1&l~ 

will require constant to modestly growing volumes; they cannot 

survive, however, 	periods of major fluctuations in construction
 

is such a large buyer of constructiondemand. Since the government 

be aware of the effect of its purchase on theprojects, it should 

tohealth cf the building materials industry. It should attempt 

use its large buying power to level out constr.uction activity and, 

where possible, defer construction purchases when the free market 

high and accelerate its purchases when constructionactivity is 

makeactivity is low. Obviously, other factors will on occasion 

However, the government, in preparingthis practice impossible. 


be of the
plans for new constraction purchases, should aware 

effect of its purchases on the construction industry and, where 

schedule its construction projectspossible, it should attempt to 

to level the total consiruction industry load.
 

In making such plans, the government should be aware of the
 

of construction.different material requirements for different types 

the building sectors are differentFor example, the 	highway and 


sector do not balance lows in another. Cement,
and peaks; in one 

for example, is used heavily in the building portion of the 

construction activity, while labor is used extensively in civil 

engineering projects. 
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Not only will such a planned construction program assist 

materials producers but it will also provide assistnnce 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 government, through planned cons­

trucion awards, can build healthy and continuing cons t'uction 

firms rather than creating opportunisti shorL- term colitracting 

organizations. 

2. Creation of standards and codes
 

Tlere currently exist in Bolivia various building standards
 

and codes, although these certainly could be modernized and more
 

the government can encourage strengthen­strictly enforced. W,.Thile 

ing of the code procedure, it also has the opportunity- -through 

its large buying power--to specify high quality construction which 

in itself will develop markets for high quality materials and will 

train contractors to a higher level of construction performance. 

Many of the newer production processes for making bui]hling materials 

low cost. How­produce controlled, quality products at relatively 

ever, most of these products are more expensive than the low 

quality products 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 

because they are slightly more expensive than currentlymarketplace 

used, inferior quality products. If the governiment 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
 

of building products manufacturerswhich will make industrialization 

possible. It is possible that the government will pay slightly
 

more for its construction products by following this approach, but
 

will benefit both by acquiring higher (pinlity otzsLm.;i, ,ion1it 

by upgrading the materials industries and the quality of the 

contractors.
 

Encourage the use of domesticJ~lyv-produced 
materials


3. 


The government is currently undertaking an ambitious 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 from a variety of specialty maLer, ! 2 

including plastic foam, light-weight concrete, and prefabricated
 

While it is possible that such techniques can
wood elements. 


modestly decrease the cost of housing, we believe that all 
too
 

often the cost savings is not guaranteed and is often grossly
 

We believe that it will be in the bert interest of
overstated. 


the government and the construction industry of Bolivia if the
 

housing process were based on theattempts to industrialize the 

system which utilizes relatively conventional materials which are 

locally available.
 

E. RECOnhEUDATIONS 

a vital industry to the economy
The construction industry is 


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 6 

GROSS DOIIESTIC PRODUCTIONS PROJFCTiOTS 

BY ECONOMITC SECTORS, i66-agO 

(Inmillons of 1958 pesos)
 

1.9 6 6 1 9 8 0 Average 
In millions In milliens Annual 

of 1958 Per- of 1958 Per- Rate of 

S e c t o r pesos centage pecos centage Growth 

AGSICULTURAL 1,266 .o 26.8 2,250.0 20.4 4 . 

INDUSTRIAL 1, 500.3 31 8 4,034.5 36.6 7.3 

i4anufactuiIrg 573.4 12.1 1,535.9 13.9 7.3 

Mining 	 427.3 9.1 903.8 8.2 5.5 

Petroleum 238.6 5.1 828.2 7.5 9.3 

Constructions 261.o 5.5 766.6 7.0 8.0 

SERVICES 	 1,952.3 41.4 4,728.4 42.9 6.5 

Cormerce & Fina-nce 57 .8 12.2 1,358.7 12.3 6.3 

Transport 382.1 8.1 808.5 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 1].,012.9 100.0 6.2 

SOURCES: 	 SEDEPLA, 1966 ,ational 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.I.f Bolivia undergoes economic 

growth in the next decade, it will be led by rapid gro.rth in the 

construction industry. Hot only does the construction industry
 

consume significant amounts of products which could be the basis 

for new indust-ries in the country, but further, the construction 

industry provides for commercial/industrial establishments. 

The construction industry is highly complex. It certainly
 

involves 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 steel
 

pipe; wood or metal windows end doers). 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 produced materials 

(with the exception of some specialty products used in heating
 

and ventilating, plumbing and electrical). The commodities, how­

ever, are generally 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 

commodities (cement, rock, gypsm.ui, cla.y, block, brick, pipe) a 

thorough pre-feasibility study be male of the entire construction 

industry and its many sub-cemponents. Feasibility studies in 

narrow material sectors cannot be valid zntil the entire materials 

require:aents for the industry are analyzed together, considering 

material substitutability and technological and materiel trends 

are developed on a consistent, intra industry basis. The construc­

tion industry is so important to the future of Bolivia that to 

analyze it piece-meal with the narrow perspective of one product 

may well be to create reconrendations inconsistent with the direction 

of the industry as a whole. 

Specialty products such as flat glass, sanitary ceramics and
 

others can be looked at separately; indeed, we so recommend in a
 

subsequent chapter. However, with the basic commriodities we strongly 

urge the government of Bolivia to 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 value of construction currently taking
 

place in Bolivia, broken doi.m as sho..m earlier on Table 3, 

and by geographical region. 

b) Project this breakdovm forward for 10 years.
 

0llL 
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c) Develop materials imputs renuired by this industry. 

d) Investigate materials substitution " i.e.possibilities 

steel vs. concrete vs. asbestos cement pipe 

concrete .s. brick masonry 

wood vs. concrete vs. steel frames
 

wood paneling vs. plaster .-alls
 

Evaluate current and future rcles of government in cons­e) 

truction in regard to gcvernment findings, code enforce2 

ment, national housing policies, etc.
 

f) Document number, capiacity and auality of domesbically 

made construction matericls.
 

Identify specific products which could be profitably
g) 


produced in the country, based on any basic material-­

mineral, metal, wood, plastic.
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V. COMERCIAL 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 corinercial factors as markets and 

the competitiveness of the Rolivian product in each market. We
 

examined the relative cost structures FOB and CIF for the domestic
 

and inmorted 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 considerad 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 Bolivian
 

mineral and that currently being paid by purchasers in the other
 

Andean countries be excessive. We also examined market volumes
 

and other commercial considerations for those raw materials that
 

potentially could be delivered to customers in Bolivia and in other
 

countries at an attractive price.
 

We realized at an early stage that the best opportunities for 

Bolivian industry might not exist in the recovery and marketing 

of the nn-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-metallic minerals
 

industry would create a wider employment base for the bolivian 

population, attract investment by new and growing industries, 

help in creatin,7 a demand for associated machinery and factory 

construction, and generally benefit the Rolivian economy in a more 

pnsitive way. Consequently, in the second part of this chapter,
 

we will exanine ,..hether opportunities exist for the mnniinnHlve of 

products derived from non-metalli' rineual s avalnWi-1 in Polivia 

in the quantity and quality required by the industry. As was the 

in our evaluation of opportunities in the production and
case 


marketing of ncn-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 conduicted many in­

terviews in the five Andean countries collecting market data,
 

examining existing price stclucLures and marketing techniques, and
 

generally bui~hing upa picture of market requirements. We consi­

dered it extremely important, for example, to know the technical
 

and cost requirements for refractory minerals by manufacturers 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
 

the lack of useful or reliable market statistics in all of
counts: 

of olivi an ilidls triescoimtries anId the un-exisLenrethe Andean 

,
on which to base costs of mJineral rc.,vu'y ,"11 I- ,,,,' 

.Pcap r ] ~ci. iinl.l ii.*: t ,; r-icvniil.nt marie L data ini lctq',r 

each of the five Andean coiijLrIos. on which to base our evalllit.i'r,, 

and many vital gaps 
we met with far less than complete success 

faced by a number ofjccasionai]y werestill exist. In fact, we 

each set in 
sets of statistics for a particulfrproduct,different 

conflict with the others.
 

classify each of
 
As part of our analysis in this chapter we 


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
 

promise we also recommend the next steps 
to be taken.
 

MINERALS 

Our analysis of the opportunities for exporting non-metallic 

miicw t. 1,Cocored on the fol lo..ing: 

B. NON-METALLIC 

1. Asbestos
 

2. Gypsum
 

3. Kaolin
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4. Limestone
 

5. Magnesite
 

6. Barite
 

7. Basalt
 

8. Bentonite
 

9. Feldspar 

10. Ocher
 

11. Quartz
 

As has been noted, place va]ue or location of deposits near
 

large consuming ce.!nters is of vital importance in such industries
 

as non-metallic minerals. Many non-metallic minerals are low value 

commodities, faily wisely distributed, ani it can thus be expected 

that transportation costs play an important part in thir total cost 

structure. A widely distributed mineral, such as coiirmnon building 

sand, or crushed stone, is not likely to be transported great dis., 

tances because it wOUld" be uncompetitive beyond its local market. 

Of course, it is understocd that proximity to important rarketr; is 

always an advantag'e, even with such scarce commodities as asbestos 

and copper. However, some minerals, even of low unit value, do not 

have a widespread or Cavorable geographic distribution. We have to
 

take t'.m where we find them and if a more favorably located depo­

sit was to be found in quantity the economics of the whole indus­

try 0ould be changed. 

110
 



The relative importance of place value to the consumer is thus
 

a vital concept. Typically, place value is of pareamont imrortance 

for low grade clTys, crushed stone, gy-psum, ordinary grades oC limne­

stone and lime, and of couirie, sand and gravel. It is of lesser 

impor ;ance for barite, feldspar, high grade kaolin, r.agnesite and 

special silica sands. Place value is of low importance for asbestos, 

magnesite, special types of bentonite and high grade sheet mica.
 

Because place value is such an importanft concept for many of 

the non-metallic minerals, we focused on the effects of Lranspourn­

tion costs in our evaluation process. In Table 7, we indicate 

railroad fceight rates in dcllars per ton between major cities and 

ports in iolvia, Chile and Peru. These freight rates are for a 

number of selected minerals, as well as for products to be dis­

cussed in a later section of this chapter. In many cases, quota­

tions were not available for certain specific prodacts or minerals 

and co,nparisons wrere made with some other products in arriving at 

a rate. The cities Lhat w"ere selected rept-esent both major centers 

or mining activity within Bolivia as .ell as typical destination 

points such as Pacific Ocean ports. Trble 8 shows the truck rates 

per ton-kilometer for cities within Poli-'a. Although not always 

explicitly stated, consideration was given to a reduced transporta­

tion cost brought about by i.mp-ovcment in the infrastructure. 

In discussing raw material costs, some brief explanationis of
 

our asuiunp[.ions are requi'ed. lon-metallic minerals that occur in 
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TAFLE 7 

F-IL.53D FREIGHT RATES 

' ­,TJR CITIES AND PCP: 

Arica- La Paz- Le Paz- Oruro- Crlro Or.:r- Ce"babamha- Cochabamba- Cochabamba-

La PFz Antofa.Tasta Matarani Arica AntcfPIast- !pereni Arica Antofetr&sZa !Natarani 

DISTANCE 4W% Km. 1.164 Km. 80 Km 638 Km 930 Km. 974 Km. 824 Km. 1.136 Em. 1.180 Kr. 

Flat Glass :17,63 S23.13 2%.45 S22.34 F16.31 224.06 S31.06 S23.49 S31.24 

Containcr Glass 

Cer'r.t 

21.L8 

12.76 19,84 

1c,56 

1,.20 

26.85 

15.84 14.09 

23.91 

20.37 

3A.15 

21.82 20.07 

32.63 

26.35 

Briok- 2xcluirg glazed 

and rcfrntcy 
Ceramic iile 

Clay 3efrbctories 

Pottery anC related 
Pr.'- C') 
Vitriols 2!b .n 

15.39 
15.39 
12.76 

12.76 
17.63 

1q.84 
23.13 
19,84 

37.81 
23.'3 
27,13 

17.29 
2C.10 
]8.2A 

p9.22 
1,97 
28-4 

19.19 
19,19 
15.84 

15.84 
22.34 

1L.09 
16.31 
il.09 

23.66 
16,21 
1. C(. 

2(.37 
23.71 
21.36 

23.52 
22.55 
21.,' 

26 37 
26.37 
21.82 

2I,82 
xi.o6 

2007 
23.49 
20.07 

37.96 
23.49 
27.78 

26.35 
30.89 
27,34 

32.62 
29,76 
32.J8 

Crd.:.:27 :Table China 17.63 23.13 17,71 22.34 16,1 24.06 31.06 23.49 3278 

Sic! Fe.,elain 21.48 2,'.13 2,.54 26.85 19,06 23 91 36 15 27.78 32.63 

Ast3s F-iction Netals 
12.76 
21.48 

19.84 
19.84 

iqo6 
15.24 

15.84 
26.85 

14.09 
14,09 

22.92 
2i.,2 

21.82 
36.15 

23.07 
20.0? 

29.89 
28.89 

As os CIzent Prod. 

e a:. Enrths, Gencral 
12.76 
12.76 

19,84 
10.84 

15.24 
18.28 

15.84 
15.84 

14.09 
14.09 

22.Q2 
21 F 

21,82 
21.32 

20.07 
20.07 

28,89 
27.34 

_:o.L-Ciay92ractories 

Kaol-n 

12.76 

15.39 

19.C4 

19.84 

18.28 
13.23 

15.84 
19.19 

1.09 
14.09 

,6 
21.36 

21.,2 
26.37 

20.07 
20.07 

27.34 
27.34 

ag.aszite 

Asbestos 

15.39 
12.76 

19.84 
19.o'4 

18,28 
18,28 

19.19 
15.8b 

14.09 
Ib.09 

22.36 
21.36 

2b.37 
21.82 

20.07 
20,07 

27.34 
27.34 

Bentinite 15.39 19.E4 18.28 19.19 i4, ' 21.,6 26,37 20.07 27.34 

Chalk 
Feldspar 
Quar 
Ochee 

21.'8 
15.39 
15.39 
12,76 

23.13 
19.94 
2313 
i984 

17.59 
18.28 
20.10 
18.28 

26.n5 
19.19 
19,)9 
15.C4 

16.3i 
14.09 
16.31 
14.09 

23.91 
21.36 
23,71 
21.35 

36.15 
26.37 
26,37 
21.92 

23.49 
20.07 
23.49 
20.07 

31.09 
27.34 
3089 
27.34 

(1) Where Rates were unavailable estimates were made by comparison with similar materials 

(2) Upper figure refers to artistic pottery; lowerfigure to ordinary pottery. 
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TABLE 8 

BOLIVIAPRINCIPAL FREIGHT TARIFFS BETr'EI1 MAJOR CITIES IN 

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

TARIFF DISTANCE IMS. 

Santa Cruz-Cochabamba 3.49 500 

3.h8 728Santa Cruz-Oruro 

5.10 903Santa Crulz-La Paz 

Santa Cruz-Potos 3.22 774 

2.91 608Santa Cruz-.Sucre 


1.27 500
Cochaba-mba-Santa Cruz 

5.98 2096Cochabasiba-oruro 


Cochoao imba-La Paz 
 4.19 403
 

2.22 366Cochabv:nba-Sucrc 

2.35 532Co chab ba- Poto s{ 

5.75 225
Oruro-La Paz 


9.77 383Oruro-Potos{ 

17.6 558Oruro-Sucre 


3.79 384Potos{-Tarija 


-13
 



their natural state uually do so in association with other mate­

rials and the process of mining and recovory must include the 

various stages of separation, cleaning, crushin- and grrinding, 

and beneficiation that were described in Chapter II. Some 

minerals rermlire more investment in time and labor in these pre­

paratory states than others; we had to assume a certain state of 

preparation at which we could compare costs on the most log-ical 

basis. 1-e considered that the most appropriate st;ge toiQld be 

when the mineral has been prepared for shipment, either in bags or 

in bulk, and is ready to leave ',e locality of the mine. We 

realize that the preparation oecessary before this stage will vary 

from mineral to mineral- for example, kaolin may be used in its 

general form without much preocessing, or it may be fully colcined 

before shipment. We 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 he-ad or possibly at a location some 

few miles away. For the sake of consistency, therefore, we took 

the vierpoint of a prosrective customer and asked ourselves the 

question that would be in their minds "what is the price I have 

to pay for your material at the product stage at which I could
 

use it, but before it is delivered to my plant?" It is in this
 

way that the prospective customer compares 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 consulted. In other instances, our
 

interviews in Bolivia and in other Andean countries gave us some
 

typical price structures for materials purchased by the manufac­

turing industry for use in their oivm 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
 

statistics on consumption and va!ci, for the individual minerals, 

or from our own experiences of world trade. Of course, the quality 

and quantity of the mineral ha:z a great effect on the price, and 

some of the generalizations -.- used are crude, at best. Where 

inicated the degree of uncertainty
possible in our report we have 


associated with our figures.
 

Tables 9, 10, and 11 present production and trade statistics
 

Tt should be
for each non-metallic mineral to be discussed. 


stressed that these data, based on government publications are in
 

They are sub­some cases incomp.ete, and in some cases erroneous. 


mitted as a 6idc only. Before major decisiorron 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 

1966 and 1968to manufacture asbestos cement products. Petween 

total yearly consurption accounted for approximately 27,000 ­

28,000 tons with a value of about US$6 rillion (TABLE 12). Colom­

bia is the largest consumer accounting for 13.0-16.0 t'ousand tons
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TABLE 12
 

APPARENT CONSU4PTION ASBESTOS
 

ANDEAN SUBPFCION 

1966 -1968 

Production Import Export Consumption 
Tons Vj-. e Tons Value Tons Value Tons Value 

BOLIVIA 
1966 26 N-A. 2 N-A- 2 N.A. 26 N.A. 
1967 4 r .A. 1.6 N.A. 4 200 1.6 H.A. 
1968 1 E. .. N.A. N.A. 9 200 N .A. H.A. 

CITLE 
1966 N.A. F. A. 7,442 N.A. N.A. N.A. 7,442 N.A. 
1Ci67 N.A. r.,. 8,995 1, 754, 716 N.A. N.A. 8,995 1,754,746 

68'.A. ", 8,660 1,733,992 N.A. N.A. 8,660 1,733,992 

PERU 
1966 N.A. N.A. 3,533 N.A. N.A. N.A. 3,533 N.A. 
1967 N.A. N.A. 4,240 890, 0OO N.A. N.A. 4, 240 890,000 
1968 N.A. N.A. 3,970 701,000 .A. N.A. 3,970 701, 000 

ECUADOR 
1966 N.A. N.A. 375 N.A. 1.A. N.A. 375 N.A. 
1967 N.A. N.A. 622 119,000 N.A. N.A. 622 119,000 
1968 N.A. N.A. N.A. i.A. 21.A. N.A. N.A. NoA. 

COLOMBIA 
1966 N.A. N.A. 16,534 N.A. N.A. N.A. 16,534 N.A. 
1967 N.A. .A. 13,752 3,28,000 NA. N.A. 13,752 3,233,000 
1968 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 

TOTAL ANCOM 
1966 26 N.A. 27,886 N.A. 2 N.A. 27,910 N.A. 
1967 4 N.A. 27,6r 6,001,746 4 200 27,611 6,001, 746 
1968 1 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 

N.A. : Not Available 

Sn1r'ce: Offiinl1 Published Statistics 
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Chile with a yearly consumption of
 or roughly 50% of the market. 


tons or about 30% of the market is the second
 7.5 	- 9.0 thousand 


In third place is Peru with
 largest consumer of asbestos fiber. 


Pro­
a yearly consumption of 3.5 - 4.5thousand tons or about 15%. 


- 1968 period was insig­duction of ashestos fiber during the 1966 


Nearly all the asbestos fiber
 nificant and limited to Bolivia. 


mainly in 
consumed into the subregion was imported and used 

It was also used
 
vsbestos cement products such as pipe and 

tiles. 


in asbestos friction materials.
 

Our analysis has indicated that there 
exists an opportunity to
 

and to the world mar­to the Andean subregione::6-'t asbestos fiber 


krt, provied1 that the quality of the fiber meets the needs of the
 

The
 
u'er industries particularly the asbestos 

cement industry. 


textile products

rctively small and declining market for 

asbestc ­

appropriate for serious consideration as 
an opportuR


makes them 


nity. 

There is little or no question that Bolivia 
does have signi­

compared with most South American countries.
 ficant asbestos resources 


suitable for
is whether the fiber is 
The only question that remains 


products. The fact that the 
the production of asbestos cement 

South African asbcsbos, which 
is blue and appears to resemblefiber 

led some individuals to
in world markets, hasis well established 

the premature conclusion that this 
fiber is appropriate for asbestos
 

Our interviews with professionals in 	
the industry indicate
 

cement. 


low in Ihensilc sLrength and 
that the fiber available in Polivia is 

not suited for ashestor oenenL products. 
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Another factor supporting our conclusion that thero nay be 

an opportunity for Bolivta to export asbestos fiber is tb± &iWs 

product cr-n support the high transport cest required to ship it 

to the Andean subregion and world markets. The current price 

cement prochicts is beLwoeifor asbestos fiber utilized in asbestos 

TJS$150 wnd L$250 depending on ,he exact grade. The freight cost 

coast is about US$2O/ton and, therefore, isfrom Bolivia to the 

to the selling price, As a result, if r g'atively small compared 

proper q',iality mtatrit" i.m tvaflable the development of a large 

i.::':.try is quite possible. 

not of a grade appropriate
'f the fiber available in Bolivia ie 

industry will . ,'W production of asbestos cement products, the 

Under these conditions
 cc- e to operate as it has in the past. 


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,
 

lubricate:s the drill, and seals the wall: barite is used to reduce
 

the gas or sand pressures around the drill, and to give added
 

For these uses, a very high quality
weight to the mud solution. 


of its quality is the yield inbentonite is required. A measure 

barrels of water, per ton of bentoite, that is required to give
 

the necessary suspei sion. Thus, olivian bentonite has been 
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tested to give a recovery of 70 barrels per ton, as compared to
 

mineral imported from Mbndoza, Argentina, which gives a higher
 

yield of 100 barrels per ton. This imported material is at a cost
 

of $30 per ton, f.o.b. Mendoza, with added freight of $30 a ton to
 

Santa Cruz. .hile it is known that Colombia and PMe-ndor nre eron­

tially importing their requirements from the United Sates, it 

onwould be safe to say that a Bolivian product could not compete 

the basis of freight with those suppliers. Peru has its own ex­

with Argentinatensive resources, but still is unable to compete in 

supplying Chile's needs. It is unlikely that Bolivia could do so,
 

either, under those circumstances.
 

Production of barite in Bolivia is benlievedto be about 5000
 

tons per year. Although the capactity of the producing company,
 

San Onofre at Cochabamba, is capable of being expanded to some
 

9000 tons a year, the market potential for a Polivian product
 

Chile produces some
in the other Andean countries is not good. 

4500 tons each year and Peru over 100,000 tons. Colombia is also
 

the only importa­producing some 6,000 to 7,000 tons each year and 

tion of any substance is some lh00 tons by Chile from Argentina.
 

Further, the present price of Bolivian barite at $40 per ton
 

material to marketmakes anf.o.b. Cochabamba, this uncconomic 

competitively outside Bolivia.
 

Our analysis thus indicates that barite and bentonite
 

oppor iid t4:s : Mie
n rimn.pronLhso. 
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3. Quartz and Basalt
 

Basalt, a crushee. stone used as an aggregate in concrete manu­

facture and road construction, is a lowr value, high-bulk, product
 

that is extremely sensitive to transportation costs. It is a
 

highly sub.-titutable material, with other alternative minerals 

frequently being found at locations close t) the required cons­

truction site. Its price of approximately $1 Ijer ton at the
 

quarry can be easily doubled by truck transportation rates of
 

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

opportunity exists for the export of basalt to the Andean iibug ,tox. 

The commercial environment foi aartz, or common sand, is 

similar. Industkies, such as glass manufacturing, that use quartz
 

are generally established close to the source of a good raw mate­

rial as transportation costs must be minimized for such a low 

value commodity. In the case of brildin. sand, local pits and 

quariies are frequently available to supply current requirements.
 

While markets might exist for high silica quartz, there are no 

indications at present that such a material, hav;.ng a silica con­

tent of 98% and higher, is available in Bolivia and we believe
 

that such a level of quality must exist to create an opportunity
 

in export market.
 

4. Feldspar
 

Our market analysis has indicated that a large part oi the
 

total market in the Andean subregion is supplied from local sources
 

at prices averaging 1TFB20 - U,$4O a ton delivered to the customer; 
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of hrh riade rnineral also 

into the Andean group at US$1O0 to US140 per ton. 

.,zl2 qv~aI..tiz * felAr'iar are imniorted 

OTh. f .Lurrs below are indicative of the mrzket situation for 

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

tons).
 

COTIJTRY PRODUCTION IP ORTS APPARENT CONSUMVPTION 

G-[ILE 

1967 871 32 903 

3.968 935 12 947 

PERU
 

1967 2500 805 3305
 

1968 1889 1470 3359
 

COLOMBIA 

1967 18500 43 18543 

1968 22000 -- 22000 

TOTAL
 

1967 21,871 880 22,751
 

1-968 24,824 1,482 26,306
 

Apparent consumption for the three contries was 27,751 tons in
 

1.967 and 26,3c6 tons in 1968; Colombia was the largest constaler, 

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 suppBfd 

vii.:tuaily all their needs locally. Peru imported nearly 25% of 

its needs in 1.967 and 45% in 1968, primarily from the U.S. Our 

field uork indicated, however, that Peru has located and started the 

recovery of an excellent quality feldspar which will reduce the 

price to about U$70 per ton delivered to the niants versus the 

US$100 -per ton CIF Lirla they currently pay for the imported high 

grade feldspar. Another factor tending to minimize oportulities 

for exporting feldspar to Peru is that as with kaolin and other 

clays used in the ceramic industries, manufacturers of ceramics 

products in Peru are attempting to minimize tne quantity of mi­

nerals they import and there appear to be adequate resources in
 

Peru to meet their im~mediate n2eds.
 

In Bolivia 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 are 

very limited.
 

5. Gypsum
 

Crude uncalcined gypsum is used as a cerrent retarder or as
 

an agricultural product an1 is generally valued at Tt3-5 per 

ton when it is ground screened and packaged. Calcined -ypsum 

is used in relatively s,,mall quantities for industrial wmolding, 

plate glass and the like, and is valued at U4:20-30 per ton. 

As a plaster, gypsum is valued at U-',$20 per ton, and as a 
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prefabricated product -- usually gypsum w.allboard at UF$40 per ton.
 

Cysum wall.board production does not represent i promising 

opportunity for Bolivia at this tive because of the infrequent 

use of woodframe construction -- the principal T.arlket for such 

gypsum board -- coupled with the reltively low cost for plaster­

ing in Bolivia. Gypstun board is csential].y prcfabricated wet
 

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

The speciality calcined g*psun often represents less than 1% 

of the total gypswun market, probably less in Bolivia, and is usual­

ly an incremental business. Therefore, the Bolivian gypsum 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 C. !cini4ng gysum and making plaster. These industries 

are relatively small and are meeting the needs of the rimaret. 

Furthermore, becuase of world prices of US3-5 per ton Cor the
 

raw gpsuv., because of the high freight rates up 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, nprding a detailed analysis of the
 

technological, econo'nic 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
 

Prices of locally
US$60 per ton for a newly calcined product. 


produced kaolin in the Andean countries that we visited were
 

about US$20 per ton F.O.P., the plant, while imports varied from
 

US$40 per ton to US$90 per ton at the port of entry for high grade
 

Bolivian kaolin is mostly available in the department of
kaolins. 

Oruro and transportation cost: from there to a coastal port such 

as Arica would be UM$19 per ton. Thus,on the basis of price, a 

kaolin material of the required quality coud be competitive in 

from other coun-Peruvian and Chilean marketfi "ith kaolin imported 


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.
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In Chile, for example, 200 tons were imported in 1968 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
 

production. The relationship between imports and production in 

1968, however, is significantly higher than in either 1966 or 

the high imports may be due to a statistical error.1967 and 

Our interviews with kaolin users in Peru indicated that they are 

that theyvery satisfied with the quality of domestic kaolin and 

all their requirementsare making conscious efforts to purchase 

to satisfy demand.
locally as the output of suppliers increases 


almost all the domestic requi-ements ofSimilarly in Colcmbia 

kaolin are satisfied locally.
 

In smm'ary, based upon current and expected future require­

ments of kaolin by Andean countries outside Bolivia, opportunities
 

for export are very limited. In the event that a refractory and/
 

or ceranic 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 US$75 per ton.
 

7. Limestone
 

Limestone, a naturally occuring mineral, is used in practi­

cally its pure form by various construction industries without much 

initial processing. Its use in these 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 chemi.csl
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and refractory industry applications and opportunities for it will
 

be considered in a subsequent section of this report. 

8. Magnesite
 

The magnesite deposit in Bolivia 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 

dolomite - limestone ore body. It occurs close to, and at times 

with, deposits of blue crocidolite asbestos. Reserves have been 

The rock contains a high
estimated at 2 million tons by GEOBOL. 


content of quartz as well as some dolomite, calcite and various
 

samples of
micas. We indicate below the chemical analysis of scme 

region, which, although not necessarilymagnesite from the Chapare 

typical, are indicative of the quality available. 

SiO 2 6,21 

0.7/
Al203 


Fe203 0.9% 

CaO 1.7%
 

MgO 44.41
 

Na2O+K20 1.2% 

CO2 46.7%o 

so3 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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magnesite available at Chapare is largely unknown. There is, for 

example, a beneficiatior. problem that needs to be solved. This 

problem. involves the removel of silica and other impurities from the 

magnesite ore so that thp magnesite concentrate can be calcined and 

then converted into a valuable and desirable curniercial product. 

As discussed in Chapter II, calcination burns off the impurities 

with a consequent doubling of the percentRge of QgO magnesia content 

in the resulting product. In the above analysis the NC:O percentage 

would increase from 44.4% to 84%. Unfortunately, silica is not 

burned off in the calcining process and it would increase from 6.2 

in the unburned basis to 11.7%of the burned magnesia grain. A; 

mentioned previously, the optimum CaO:SiO2 ratio is 1.86:1, while 

the ratio in this particular analysis is 0.274:1, thus emphasizing 

the high silica impurities in this analysis. 

As far as is known, requirements of magnesite by the other 

four Andean countries are almost entirely imported and amount to
 

about 9,000 tons each ycar. Both, Chile and Peru import about 

3,000 tons of magnesite, and are the major importers. One company 

in Lima, Refractarios Perunnos (REiPSA) imports i, 500 tons a year 

of a 93.5% MgO and claim that their requirements are increasing 

year by year as the demand for their refractory bricks increases. 

They are presently paying US$94 per ton, importing from the US into 

the port of Callao. 

In Santiago, Refractarios Chilenos (RECSA) is currently 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 inited States. It is anticipated that some 

8,000 tons of magnesite will be required and this company is 

anxious vnd ready to consider !ndean countries as alternatives to
 

their presently planned sources of supply. They stress, however,
 

that the quality of the materials they are seeking should be of high 

purity and magnesium oxide content, The major competitor to this
 

company in Santiago, Refractarios Lota-Green, is watching RECSP~s new
 

facitity with interest and they may consider the expansion of their
 

present clay refractories plant to include the production of special
 

refractories; they, too, presently i:nport their magnesite requirements.
 

In general, the refractory indastry nf the world is epected 

to require increasing quantities of hiqher-yurity mngnesium oxide, 

such as that which can be mide from sen-water, dolomite and various 

brine solutions, because of the increasingly stringent require­

ments for the brick. (oupled with thiP demend for a higher quality 

product is an increased knowledge of the advantages of high-pority 

magnesium oxide used for basic refractories. This will lead to 

increased production of magnesium and the consumption of magnesia
 

for refractories is expected to increase at some 7-80 per year.
 

We understand that the proposed SIMSA plant will have a ca­

pacity of at least 30, DQO tons 1,r year anl it is apparent that the 

markets at which they are aiming extend beyond the Andean countries. 

The planned capacity is only just enuivalent to the minimum 
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economic scale of plant that could be considered. for such a facility. 

It is likely that the costs of production of the magnesite grain 

per ton. ln" the world market, magnesitewill be opproximately t , 7' 

depending uponprices range frcm US$50. to U,$$O 	 per metric ton 

the premium material.quality, and Us$90 to US$125 for 

Table 13 presents the order of magnitude of the costs for
 

grain. The data indicate that a 	 large plant ofproducing mgnesite 

40,000 tons per year could produce magneslte grain et IJS:I165 per ton 

marnkctn. or a price -competitive for quality magiesite grain in world 

Table 13 also indicates the sensitivity of prices to volume of cal­

cining manesite. The costs of producing a ton of magnesite in a 

1,200 ton plant are US$200 or nearly three times as much as in a 

40,000 ton plant. 

Whether Bolivian magnesite can compete successfully,in both
 

the Andeon and world markets will dcpend very largely on the MgO 

of the grain and on the eli.inaticn of the silica in thecontent 

our analysis has indicated that tnere is an process. In summary 

and export of magnesiteexcellent opportunity for the production 

grain to the Andean and world marets, provided Bolivia can produce 

the grain of the quality required.
 

9. Ocher 

As indicated in Chapter II, the use of ocher is declining
 

rapidly and Peruvian ocher is one of the better known in the
 

world. As far as can be ascertained, the imports of ocher into 

the Andean countries total no more than 50 to 60 tons per year 
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TABLE 13 

ORDER OF MGITUDE COSTS FOR PRODUCIUG MAGNSITE GRAIN 

(VALUE IN THOUSPDS OF U.S. DOLLARS) 

ASSUYPTIONS : 

Annual Production 1,200 tons 110,000 tons 

Investment 700 1,800 

COSTS: 

12 4ooRaw Materials 

14 80
Operating Supplies 


50 200
Labor 


42 80
Maintenance 


50 1,300
Utilities 

77 530
Depreciation-Insurance 


Total Costs 245 2,590
 

Cost per Ton 200 65
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On this basis, market opportunities, especially with a reduced 

rate of growth expected, are not very promising, 

C. PRODUCTS DERIVED FROM 11OT1-1,1ETALLIC M1TUEPALS 

As was stated earlier, the true potential oppovrtunities for 

Bolivian industry will not be in the development and marketing of 

essentially low value, non-metnalic mineral resources, but in the 

manufacture and distribution of selected prodicts derived from 

these minerals. In this section, we repeat the process gone thrlough 

in the last section of this chapter, only this time with emphasis 

on the products themselves rather than on the minerals. These 

products represent the type that can be manufactured from those 

minerals that appear to be available in sufficient quantity and 

quality in Bolivia for the required industry. They fall into 

seven major groups:
 

1. flat and container glass
 

2. cement
 

3. common brick 

4. ceramics
 

5. refractories
 

6. lime
 

7. asbestos products
 

Within each group a number of different opportunities exist.!. 

For example, the ceramics group includes pottery and related 

products, vitreous plumbing, vitreous table china, ceramic tile 

and elec trical porcelain products. 
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The market for ncn-inetallic mineral products is sumrmarized in 

tables 3.4,15 and 16 which present production, import and export 

statistics for each of the five Andean countries in value and in
 

tonnage for the years 1966 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 staLed that litt.le i t:er-ProdiucL syniergislm exists 

at the production level. One plant is not likely to be producing 

all types of ceramic products, for example, 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 oa­

considered by the Bolivian Government and other Bolivinn 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 with 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 Non-metallic Minerals fir the 0Oerative Secretariat of 

the Union of ALALC, and deals with various projects concerning 

asbestos, diatomite, flat glass, ceramics, cerent, bentonite, 

barium sulfate, etc. The tlird, the National Plan for Bolivia, 

itemizes a number of industrial projects in the area of construction
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TAEIE 14
 
LARKET FOR PDUCTS T=IVED FT.. EET.C! IC. .
 

EOLIVITA CILE n:'.'..N S 
e 

7CICI 
- FiU ECIIU-

(7etric tons) 
MDORC0!EIA 

Prod. Irpo-t Expert Prod Lmpurt Expcrt Prod Imr-ot Exrt prod Imort Export Prod imnort Export 

FLAT GLASS 1770 0 863 5750 2778 2C00 

CCINTAIER GLASS 500 199 0 267 1370 7430 650 

CEUE'T 60,C00 1240 0 1.364,000 6495 2555 157,300 2210 2,07M,000 435 181,325 

H.RI/0.. -£E,"L: 

GLAZU'.l 
22 0 46 0 1 0 100 

CE A::IC TME 

CLAY REFACTRIES 

POTTHERY & RELATED 
PRODUCTS 

VITREOJS PLULEflNG 

VITRECUS TAELE CHIUA 

ELECTRICAL FORCELAflI 

L] .IE 

ASBE:TOS FRICTION 

MAERIALS 

612 

295 

24 

222 

436 

247 

152 

167 

86 

0 

0 

0 

0 

0 

0 

0 

0 

50 

19,200 

179 

37 

28 

606 

26 

0 

0 

216 

5 

0 

2 

0 

0 

7 

57 

1180 

128 

273 

60 

1.5 

409 

26 

7 

796 

758 

48 

135 

0 

74 

50,000 

0 

60 

15 

35 

27 

300 

continucd.............. 
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TIAFLF 14 (CO'NT.) 

LIVI CHL PERu EC COLC¢I _A 

Prod. Impor, Export Prod. Impart - ExNprt Frod. Import Export Prod Ia;oft _Export Prod. import Export 

ASSEHTOS CE' E1fR 
PORUCiS 1.4 0 40 0 68 3220 0 

iC' CLAY REFR'CTORIES 59- 0 0 0 2650 657 230 

Ql.TTY IN L"ETRTC TCNS 
S-, 7Z! 2-l3:ISED DATA AND ARTHUR D. LITTLE ESTUATES 

VI12 5ii,. APPEAR, STATISTICS WERE NOT AVAILAELE 
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T..BLE 15 

VARKET FOR RFDUICTS EFRIVD FRCW t;'Q .TLLIC L7J:V.!L<lS 

BOLIVIA CHILE P T, ECUAOOR COLC!.BIA 

FLAT GLASS 

CC:'TAEIER GASS 

CE IT 

$000 
TONS 

%OOO 
TONS 

SOCO 
TVS 

Prod. 

640 

62,CCO 

Import 

378 
2450 

227 
62 

293C4 
5330 

EL',or5 P-..r 

.1 
o6 

4 
44 1, 2 35 , 00 0 

ivrt 

510 
786 

53 
101 

354 
12800 

Export Prod. 

0 2253 

0 6-ro 

14 33,6CO 
500 1,087,000 

fror-_ 

2420 
6653 

705 
778 

2050 
99,877 

. 

1 

51 

15,9C0 

.t _Prod. 

0 

0 

8160 
382400 

-Import 

3100 

6100 

2300 

tEx1 ,rt Prod. 

0 2738 

0 11,157 

0 32,C66 
2,1&9,200 

Import 

718 
23t-9 

200 
523 

246 
202 

E:L 

731 
5569 

455 
3227 

2664 
229,6e7 

FFICK, EXCL. 
GLAZED & 
RSFRACTORY 

CLiUlI!IC TIlE 

2330 
TC:S 

OO 
TMIS 

157 

1n4 
5C9 0 

0 

39 
179 

2 
10 

430 2,3 
is 

246 
664 

3 

52 

48 

415 

,001 

1.7 

0 

0 

5841 

-3277 

0 0 

37 
178 

CLAY REFRAC­

.IES 
TMIS 

3CO35 5 
19 0 

145 
828 

1600 26 
55 

0 5 - 0 2192 3 
14 

0 

rKL.TED PRODUCTS i000 
TCliS 

67 
162 

93 
92 

.4 

.1 
559 
941 

0 85.6 
696 

0 438 55 
47 

17 
31 

VTTRECUS 

p'.Ci: 

"IIRE3US 

C..;A 

T;E 

SOOO 
TGNS 
ZOCO 

TCNS 

3;4 
63L 

.i O 

22 

0 

0 

80o 
3IN434 
39 
4?; 

27 

0 
0 

752 
400 

10,5 

663 
34 

.. s 

390 

0 

0 

0 

0 
890 

54 

0 

0 

2334 

200 

3 
3 

57 

24 

174 
483 

0 

Continued ................. 
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TAE 15 (cCi.) 

BCLIVI! CHE PEP..2 FCUADCR CCLC.... 

Prod. Import Extort Prcd. I Por Export Prod. Import Export Prod IL ort Export Prcd Import Export 

ELECTKICAL 

PCRCPAfli iC0o 
TONS 

LIL3 sco 
TCNS 

AS!!-2T0S FRICTICi4 
MA:TR IALS sc00 

Tels 

AFEZST0S CZI'ENT 
FR0DU S £0CO 

TO-iS 

NCN CLAY 
R FR;,CT[RIES KO0 

TONS 

41 
1512 

84 
174 

2 
41 

153 
103 

1.• 
2 

44 

0 

0 

0 

0 

1,920,000 

3230 

39 
42 

4.3 
23 

171 
45 

3 
470 

3121 
17,000 

0 

0 

0 

0 

1i6 
19 

40O 
14,763 

IC86 

580 
709 

-

490 
291 

142 
101 

820 
3100 

0 

0 

0 

15 

61 

58 
3285 

0 

109 

0 

216 

-

92 

3700 

994 

0 

0 

0 

0 

0 

687,7 
51,;33 

14,171 

355 

109 
179 

12 
182 

153 
166 

0 

118 
143 

0 

0 

14 
27 

613 
4835 

2,4 
25 

VALUE D. THCUSAD LLLkF - U.S. 

SCURCE: FLEI ED DA-: /T!D ARTqUR D. LITTLE ESEGIATES 

W}ERE EL.,;lS AFPFAR, STATIST:CS WTERENOT AVILAUE 
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T;,2 F 16
 

IELECET FR PRCQ:SCT2 D -TVzD FRWI CN':-?"T,.LLIC 1A'!rHflsALS
 

EOLIVI CFI.E PERU ECUADOR COLMMBIA 

P1. Ikport Lxrort Prcd. L:;mrt Export Prt;a. _m;nIpt Lxrpnrt Ptd ln.port Eport Prod _prt port 

FLAT GLASS SOOC 
TCS 

433 
2300 

693 
1200 

13 
79 

1310 
490 

1.20 
.03 

CCT;,.i;ER GLASS 2000 
GIIS 

7 
1 

47 
72 

0 1.80 
894 

45 
26 

CEIIINT 0m0 
TC4S 

1538 
46,C0 1,251,-.0 

490 
1600 

64 
5000 1,098,000 

426 
7870 

.60 
28 434,000 2,"57,000 

2HR., EXCL 
GLC.ZEr & REFRAC-
TORY £000 

TONS 
.7 
.5 14 

0 1 
11 

CERD:.'1C TILE FOCO 
TONS 

159 
730 

26 
106 

0 70 
254 

.5 
1.5 

CLAY FEFR,'CX 
Ri S 0CO 

TONS 
.1 
4673 

197 0 20 
85 

0 

POTTLRY & PF-LITED 
PRODC-S SOC 

TONS 
72 
17c 

116 
69 

*6 
.3 

175 
350 

0 

PL' B-1.3 
TOIlS 

0000 
5 6 

3033 
48 

0 150 
8 

0 

VITPECT 2 TAELE 
CHMIA £00. 

MIS 
170 
224 

87 
830 

11 
35 

69 
277 

0 

PCECEL,'. .N CO:C0 
TUJS 

73 
182 

78 
64 

0 122 
193 

0 

Lfl.E CUC C 
"OiS 

4 
88 2,038,000 

3 
34 

0 0 
4,852,000 

14o cont inued............ 



1A LB16 ( ccT) 

9LIVA Ci'nLE p:EU CLV,'IA 

AS-:T0S 
PRODUCS 

':iENT 
Co0 

TCNS 

Fror. Iprort 

354 
160 

E5rort Prod. __mport 

27 
59 

_ Export 

0 

Prod. ]mrert 

30 
97 

ExYort 

4 

trod. Ikort Export Prod. Ikort Export 

ASBESTOS FRICTIM 
.ATEI-ALS 0CCO 

TM'S 

158 
98 

241 
71 

0 363 
147 

0 

NC CLAY 
R FRACTORIES SO00 

TMIS 
150 
580 

2 
9700 

0 656 

2240 69 

V,,_" 7j; T :JOUS.-j*tD DOLLARS
JUi:T I Y I. L:CTRIC TIS 

- U.S. 

SCU.RCZ: PURlISHED DATA OriD ARIHMF D, LITTLE ESTEATES 

';iZE P;iiMS APEAR, STATISTICS ;iERE NOT AVAILAFLE 
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and defines the location, in­materials and non-mztallic minerals, 


vestment, production capacity and products, and marketa s C3 (J
 

', ,,c'ther with the excected date of completion. Where 

relevatt in this section, we have obviously taken these proposed 

.........
 

fa-ilitesinto account in our discussions. Essentially, hoi.cver, 

V-hrV' h iis similar to that adop,ted in the last section: We. 

examincd the marhets and cost structures for the various products 

our 

and evaluated the opportunities for thzw. 

1. Glass
 

On Table 17 we present data on imports, exports, and production
 

of flat glass in the Andean subregion. Imports of flat glass in 

1966 were 1.3,161 tons, in l.967 they amounted to 15,335 tons i,-th a 

value of about UJS$5 million. Peru' is by far the largest importer 

1968.with 5,750 tons in 1966, 6,650 tons in 1967 and 4,9O0 in 

Ecuador is the next largest importer with 2,77a tons in 1966 and 

3,1.0 Lons in !%7, followed by Colombia with 2,000 tons in 1966 

and 2,31-9 tons in 1)"7. Polivia imported 1,770 in 1966, 2,W50 tons 

tons in 1968. Chile was the least importantin 1967 and 2,30 

itporter of flat glass in the subregion with 863 tons in 1966, 786 

tons 	in 1967 and 1,200 tons in 19(8
 

Colombia is a major producer of flat glass in the Andean sub­

region. One ccmpany we interviewed has a capacity of 24,000 tons 

per year. The majority of its production remains in Colombia, but 

its products are also exported to the Caribbean, Venezuela, Ecuador 

and the United States. This cor-any is presently entering into an 

(1) 	Where blanks appear on Lhe table it signifies that we were not
 

able to obtain statis-ics.
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lA,DLE 17
 

IMPOR E::POr -' :J"ID PRODUCTIO OF FLAT GLASS 

iJ]DEAUV SUB9REGlO0l 

1966-1968 

Production Import E;r)ort 

Tons %ilue Tons Value Tons Value 

BOLTVIA 
:T.A. 1I.A. N.A.1966 ... A. 1770 
378 l.A.1967 N.A. 1.A. 2, 450 N.A. 

2, 300 N.A.1968 N.A. l.A. 133 N.A. 

CHILE 
1966 2 .. 0 4 a N.A 863 jl.A. N.A. N.A. 

N.A. 786 50. .A. I.A.1967 1, 7 7 0 a 
1968 N.A. N.A. 1,-00 693 IT.A. l.A. 

PERU1966 N.A. ',.A. 5,750 .A. N.A. N.A. 

2, 420 N.A.1967 N.A. 2,253 6,650 N.A. 

1968 TI'.A. 11.A. 4,900 1,310 N.A. N.A. 

ECUADOR
 
N.A. N.A. 2,778 N.A. E .A. N.A.

1963 

1967 i].A. \.A. 3,100 1,000E N.A. N.A.
 

N.A. N.A.1968 AI.A. N.A. l.A. iT.A. 

COLC. IA 
H.A. 2,000 [I.A. l.A. N.A.l.A.1966 

1967 II.A. 2, 738 2,349 71.8 5,569 731 

1968 N.A. N.A. N.A. 1.A. N.A. N.A. 

N.A. : Not available 

2
 
a: Thousand meters
 

E: Estimate
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is planning to W45.l10 ;tr c.r c"'Y
 
expansion phase by which it 


within five years.
 

Fcuador which currcntlj imports aprox1imately 3,000 tons of 

,

flat glass annually, purchases W;-50 of its requirements from
 

i-i0cted that two ccmpanics
Colombia. Our interviews, however, 


are planning to establish a flat gluss ranufacturing plant 
to begin
 

. available naterials whichoperationn in 1.72, using locally raw 

will supply all the requirenents of the dome stic market and elimin­

ate imports.
 

in 1967 they produced
Pervi is a large producer of flat glass; 

he industry is currcntly in a positionapproximately US$2.3 million 


of overcapacity and is capable of exporting a part of their pro­

duction. The glass they prcd'uce is of low quality.
 

Chile has two flat glass companies; one is relatively simall 

arid another is quite large. 

Production statistics indicated that Chile in 1966 produced 2.4
 

mil]ion square meters of flat glass aRd in 1967 nearly 1.8 million
 

square meters.
 

Al1 existing facilities in the subregion utilize the Trcault 

process. However, our interviews indicatcd that a large company in 

.e h.hich is asociated with a foreign glass munut';acturar is con­

sidering the prosibilLty of a rIuw lant using the Pittsburg process.
 

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

the Andvan subregion with ccme of its requirements for glass not now
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u
supplied by the existin; iwstry. 

The above analysis indicates that it is unlikely that Bolivia 

has a very premising opportunity to produce flat glass by the 

of exporting to the subregion. OnForcault procss with th2 aim 

the other hand, there is an oportunity for Bolivia to establish 

a flat glass plant oriented 	to its internal market. 

for flat glass is presently 	 about 2,500 tonsBolivia's demand 

year. On the basis of the est~nated growth rate of the cons­per 

we have pro­truction industry (the primary market for flat glass) 

This volume is sufficientjected a demand of 4,030 tons by '74. 

the require­to justify a minimum economic scale of plant. Given 

oC the morket, the Forcault process would probably be the 

best alternative for Bolivian consideration at this time. 

ments 

In Table K. we indicate order of magnitude costs for the ope­

ration of such a .lant.The data sggests that assuming a 60% yield, 

the plant coul prcduce Class at U. S. $0.I3 per square foot 

which, with apropriate profits and distribution costs, coula 

compete 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 

stat Vi'os were not sufficiently broken down in the renuired 

detail for this analysis. 	 Our interviews, however, indicated that 

and syecialty glasses are not producedinat present Pittsburg glars 

the ;wbr r~ , b t; nre imprted from third countries. It is possible 
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TABLE 18 

ORDER OF !AGMTT..E COSTS eOT PRODUCIUG FLAT OLASStU 

(VAiw , IiJ T{OUIS:S O', U.S . DOTLARC) 

ASSUMPTIONS: eration -- 3(,.days per year -- (0%l yield at 

3,700 tons or LO,O00 cases 2 ni equivalent thickness 

I?'fESTENT: 2.25 million 

COSTS:
 

140
. N atcria3.s 


165
Labor 


Utili-,ies 	 175 

225I.aintenance 

Operating Supplies 31 

80Pa king 

Insurance & Depreciation 225 

i,o41
Total 

Cost per Case $13.30 

IIATERIA1.3: 

39
Sond 


8Dolcmi to 

1Lime s tone 

2
Fcldspar 


70Soda Ash 

2
Salt Cake 


5 

13 

Sodium itrate 

Miscellaneous Firing Agents 

110Total 




that there might be an o-portunity to instal] fe.jiiities in Bolivia 

to produce both Pittsburg glass and specialty glGssCZ and supply 

Befnre this opportunity isboth the domestic and xre.ort markets. 

a detailed analysis of the economics under­confirmed, however, 

lying the 	manufacture of Pittsburg glass and sjeeialty glosses 

would be 	 required. 

2. 	 Class Containers 

container industry is relatively well establishedThe glass 


all of the Andean countries. In Colcmbia, one manufacturer,
in 

supplies about
with a conbined capacity of 8, )iCO tons fiom 3 TnLt., 

in the process
90 of the country's requirements. 

11e is currently 

In contrast to this, Colombianof dcubling his capacity by 1975. 

per year, mainly to neighboringexports are P modest 2, 500 tons 

have manufacturingPeru' and Chile which alsocountries 	such as Ecuador, 

facilities.
 

At present, Bolivian operations produce some 5 million glass
 

year, or 	 about 2, 500 tons. The capacity of thiscontainers each 


9 million containers,
hand for-7:ing operation is reported to be about 

and this under utilization would suggest slifficient capacity for 

within the next few years.increases in demand 

3. Ce-ment and Coamron Building Brick 

These 	 basic products are referred to in a previous chapter 

industr,' and should be considereddealing with the construction 


along with our recommendations for that industry.
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4. Vitreous I'lrjoing 

At present, Bolivia imports 600 tons of vitreous plumbing 

each year, at an average price of US$590 per ton. This volume 

pieces I/ asouminf3represents ajproo.imately 30,000 sanitary ware 

that each ton consists of 50 pieces. Demand for vitreous plumbing 

related to activity in the construction sectorproducts is closely 

a rate of i0%. per year.which is expected to grow in Bolivia at 

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 

Bolivian Strategy for Developilent, and 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 its output. Our 

experience, however, has indicated that the minimur' required ca­

pacity for a sanitary plant is about 2,000-5,000 tons annually,-Tare 

on the kiln 2i.0n this basis the Bolivian market woulddepending 

not be cnpable of supporting an economic plant for some years. 

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 production capacity.
 

1/ 	For purposes of our discussion we have defined a sanitary 
ware piece as being a hand basin, bidet or toilet bowl; each 
piece obviously has a different unit weight but on the average 
consist of about 40-45 pounds of ceramic per piece. 

2/ 	 The kiln is the most crucial ,,rr,ion 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 v tv..,:s p.l!urbin, industry in 

Colombia, Chile, Peru'and Ecuador indicate that a shortage of 

supply does not exist aL present, nor is it likely to exist in the 

near future. In Par'i, the two major manufacturers each have an 

a total ofestimated cvpacity of 300,000 units a year;, for 

600,00o units, i.:hile demand at present is only 180,000 units. It 

must be 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 tot-]l demand 

has been as high as 100,000 units a year. This OCermand, however, 

still only r-epresents two thirds of' Peruvinn capacity. As a result, 

even though Peru exports small quantities of their excess capacity 

is still operating at a severeto Ecuador the existing industry 

under capacity level. 

Chilean demand for vitreous plumbing products is about 8,000 

(420,000 pieces) a year and is about equal to total production.
tons 


As the C17ilean market expands, there will be a need for additional 

domestic praoduction, or imports. 

Our field work indicated that the American-Standard Company 

of the United States has been considering the possibility of 

establish-ing a production facility in Chile to supply that market. 

Whether they implment their plants or not at this stage is difficult 

to say; it would appear more likely that Peruvian nwiufacturers 

would be able to export to Chile as demand thee increases. 



'In Cclor-b'a ', two iannufnc-1 1 rert thr- c'iiv 

needs of about 14,000 tons a year, and are able to export a 

further 400 to 500 tons to other countries. The major importer 

of Colombian products is Ecuador, where there are currently no 

production facilities, although one potential user is currently 

planning to establish a pinnt. It is likely that vitreous 

plumbirg products i..!i!l be manufactured in Ecuadorian factories 

in about one year-. Current Ecuador iniiorts are from Colombia, 

Czechosonvakia and the United States, at an annual rate of about
 

900 tons.
 

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

demand and excess capacity for the Andean countries.
 

Production Capacity Estimated Demand Excess Canacity
 
(Tons)
 

Bolivia -- 650 (650) 

Colombia 14,500 14,000 500 

Peru' 10,000 3, 500 6, 500 

Chile 8,000 8,000 --

Ecuador -- 900 (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 growth rates 

of about 7, per year for the ea:ca, the present production capacity, 

excluding the planned plant in Ecuador, will begin to be totally 
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utilized by about 1973-1974 nnd show a dc;-:id gp thercefter. It 

would seem that opportunities ma:,- then c:' ist for a Bolivian facility 

to ,,tet the exces demanrd situation. Transportation costs would 

are fromnot present a serious problem since they U',:30 per ton 

Cochabanba to Arica and only represent 121/, to 15% of total FOB 

likely, the existing industry
prices. On the other hand, and more 

in each country isin±good position to expand its c3pacity to meet 

rising demand. 

Our analysis, therefore, has indicated that opportunities 

for export of sanitary ware to the other Andean countries are 

need to sell its product onlimited and a plant in Bolivia would 

the domas tic market. It was earlier detemnined that the Bolivian 

to 2, 500market at present is 650 tons and that it would grow 

tons by 1985 and since the minimLiu econlomic scale of plant is 

2,000-5,000 tons the establishment of vitreous plumbing facili­

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

5. Ceramic Tiles 

Largely because the other Andean countries are meeting their 

demand from dcnestic production, the opportunities for a ceramic 

tile facility in Bolivia must be considered sclely in the light of 

domestic demand.. The [products referred to in this category are 

generally used for wall and floor coverings; the weijit of these 

tiles averages 1.1.11 kg. per square meter. Gcnerally, these tiles 

are 10 centimeters square, and average 85 snuare meters to the ton. 
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tiles will closely resemble
The market growth rate of ceramic 

assuming a constant penetration
that of the construction industry, 

demand is currentlymarket. Total Bolivianinto the available 

about 750 tons a year, and is projected to reach 1, 100 tons by 

price of tile 
tons b,' 1985. Presently the average

1972 aod 3.750 

La Paz is about $;60O per ton. The manufacturing operations
in 

for a tile plant are largelr labor intensive and renuire a relative­

ly low investment.
 

Our investfisations indicate that there are plans 
for the
 

establishment of a ceramic tile plant in Bolivia 
for 1972, to be
 

The capacity of this plant is projected
located in Cochabamba. 


However, the
1,000 tons and the investment at *0.9 million.at 


such an output would mean that
operating costs of a plant with 


tiles would not be reduced much below

the selling prices of the 

plant would be 
ton level. As the capacity of such a

the $600 per 

that thethe time it was constructed, we sugest
fully utilized by 

Bolivian Government consider the possibility of installing a larger 

tons per year. Table 19wi"h an output of 1, 500facility, perhaps 


plant producing 7.0 tons
 
presents order of magnitude costs for a 

The data indicates that
and 1,500 tons of ceramic tile per year. 


substantial economies of scale exist in operating the plant 
on
 

shifts producing 1, 00 tons;
one shift producing 750 tons or two 


cost per ton of output is U5$560 while in

in the former case the 


the latter case it is ij,490 per ton.
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ORD7R OF IVAG"TTUDE COSTF,oq PRODUCI1,7CCFXITC TIL.E 

(VA]L IN T14O)OSAr.:IS OF U.S. DOLIARS) 

ASSL~PTIOUS : 

Annual Production 750 Tons 1, 500 Tons 

Inve:stment 825,000 825,000 

Operation J. Shift 2 Shifts 

CCc"T : 

Materials 60 120
 

Labor 115 200
 

Utilities 70 140
 

Operaticn Supplies 20 35
 

Maintenance 75 125
 

Packing 2.0 20
 

Depreciation, Insurance
 

& Ta:,es 82 100
 

Total Cost 432 740
 

Cost per Ton 580 490
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6. Pottery and Related Products 

We note with interest the proposed establishment of an artisan 

workshop in Thlivia for the training and instruction of personnel 

in the production of pottery products. 0c consider this low in­

vestment approach a worthwhile one for Bolivia and one hat 

should enable the country to produce on a small 

scale th hh value items. that can frequently be cxported to 

many Is'ts -of th'Cworld. Such items as urns, vases, and fired 

earthenware ore popqlar purchases by tourists and the artisan 

workshop could eventu.lly form the basis for a small, but profitable 

industry. '11d; area of production should be considered on tNe 

bansis of low investment and local industry and not as one geared 

to meet the deman-' of a mass market. 

7. 2]ectrical Porcelain Products 

The manrfacture of products for use in electrical installa­

tions requires a great deal of sophistication and pro&iuct know­

ledge. Certa in speci'icotions and requirements must be met with 

accuracy ",rnd it nvc~rus premature that a facility for the produc­

tion of tQe~e prodicts shiuld be considered before the establish­

ment of v more s Such a basic
asic ceramic industry in Volivia. 


industry woul] commeme with the production of ceramic tiles,
 

vitreous soni-ary wnr-o and, p)ssibly, table china, and could
 

proceed it a later lcte (at least five years after initial preduc­

tion of the more basic roducts) to the consideration of electrical
 

porcclain products. ;,lthough there are no ,reduction economies
 

possible by an intergrated ceramic products plant, Bolivian industry
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would, over the course of time, accumulate a great deal of expertise 

and knowledge of the quality of Tclivian minerals, and the produc­

tion processes involved before n cormitment to sophisticated 

process. Fvrtl:er, the marhets for these prcducts would have 

increased greatly ac the rising standard of 1iving of the Andean 

countries produccs a greater demand for the supply of electricity. 

At present, domesLic demand of scme 200 tons per Seaur, together 

with the limited imports of other countrie, does not. mnke this a 

reccmi ended project. 

8. Asbestos lrcducts 

Products included in this section are asbestos friction ma­

terials and various asbestos cement products such as pipe and tiles. 

In part, oppoitnnities for these products depend on the quality of 

asbestos avai. lhle in 7olivia and thOe conclusions of the earlier 

section Oenlinq wi~h the ovalua.ion of thig mineral are ayplicable. 

A second, mnjcr, consideration must be the market potential for 

these products should the asbestos itself be of the required quality. 

E::r.inati-n of the rqrket data presentcd enrlier abd the re­

sult nf our intOrview- in other Andean cnuntries would indicate 

that mairkec:s av:ailnble f' r Boivion asbestos ceeOnt nre limited. 

Manufa turig V',iltie oxist in all of tUe Andesn co:untries 

includin F, l.ivia and .. o,,rts are modest. At Dust one plant in 

Colcmhia, Chile, Ter, and Fcuador is cntrolled by Eternit, a 

iarge Enur'o.a, .. ,mn whicL holds the liccnses of many asbestos 

V'l'CUIt. roj'. Cts. 
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In Colombia there are a mnber of manufacturers, in adition 

to Eternitand existing capacity is capable of fulfilling domestic 

demand, even though in the :ast some im.ports have been recorded. 

Moreover the start of operations by Asbestos Col.mbianos next
 

year mill increase available capacity..
 

In Ecuador, the one major manufacturer has excess capacity
 

and is endeavoring to expand local penetration for its products.
 

is alsc sufficient to
In Chile and .cr! existing capaeitj 


meet their local needs.
 

It is unlikely, therefore, that Bolivia could find a market 

for asbc2tos cement prAucts to the Aryan subrcgion. The establish­

cement wouldment of facilities to ranufatuf. atsC .uctpr,od s 

have to be oriuQrted tn:ards the dmestic market. Our field work, 

however, indicated that W;eie exists in B,,livia (Cochabnmha) a 

cement asb.stoo f'actory with a capacity cf 13,000 tons and there 

are Ilano to incrcase it,to 22,000 tons. TL:s plant is u sing 

asbestos Ajvy, r,-ted f'cnm nnda ,nd mixing it uithi a limite1 amount 

of Bolivia.n asbectos. 7e lotally adequate to meetAcocrider it 


all increases; in demand nver the next few years.
 

9. Vitreous Tab]e China 

Market data no A]i; a.rcduct area is very sparse and it was 

difficult to assess -,whether any ofportunities existed for Bolivian 

indusLry. It would aipear, however, that imports by most countries 

are at a fa'.rly low level and that [here is at least one domestic 
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The indicated annual
manufactr'er in each of the Andean countries. 

demand in 4olivin of ab:ouit. 235 metric toins (COO,000 Plecas) in To­

livia also 0,r103 tnt Onl, u smal] percenlvgar nf the caacitY of 

econcrc scale, would he utilized. a new +'a: altt,crminimum 

each in Colombia and in Chile,This de:and c:.nur*n; w.:ith 9,000 tons 

all suplied by local'Truction. 

10. 	 Ra fractiori es 

maPUFi Uncrig ,rantsfor reractrwy brieks e:xit in P,-
Three 

',qu ipu rd nit .lbrki,mnlinery and the
livia, but 	 they are nt 

their nuklat is generally "oftWisfactorV for metal­quality of 

dc ti 1-7' heat shock and ccI'orrosio n vces;itancelurgio uses 


and SIISA
charact ri.tie. TI.e crabilnel ,..acit,, of the -n:b;to 

plants in CO abn:T in repurtedl.V 2,000 bric W per dny, or about 

2,300 tops n ycar. Ho;;ever, vctual rrcruc:Lion .nly reaches about 

1 500 	LOnna. MLe r;Mt:in*L c-s.umption is PresntJly estirctel at 

about 2,"00 tons re yer !W, 000 i V), mo:-tly "usdby Comibol, 

CBF, YP"3, the railr,,ad1 cq'mernics, end the glass, lime, cement and 

Tic national demand for refractory bricks is pro­beer indu. r'ie. . 

,jected at abru. 3,100 tons in 1)'71 at abCsnt 4,100 tOns in 1975, 

7,3; growth rate for user industriesand 5,000 in l A) aonming a 


caplacity to meet
The eistin, irduistry in ,;livin,-"s, ,i'.:n t 


current roots . if radditi-nni fr cii itc.s for the production
 

of magnesite refractory brick are estlih i..ed in Bulivia, the excess 

to be 0:,d in ex ternal markets.producLon 	 ::c I have 

157
 



The market in PerAl for zefraetory bricks is presently about 

0,000 tons, mn~tly suplied by RE,, who also eWort to Bolivia. 

They are part of the 4arbison-Walker company and man"fActure a 

high alumina, basic mcgnesite,wide range of refractories including 

tO,OO0 tons andand chrome bricks. qhe mrrket in Chile totals about 

is re]recrnted by r.dinnry Qla7 rcf'roctries that are presently 

plantbeing] imported into Chile buni; will :on be supplied by a new 

being c.nple .ed by AMCI'*, Aie,.eitc Yni o thor srecini 'otrrnctoy 

•nducers icluc L-ta-Ween (,0 , ) t ,ns)and RECSA (7,000 tons) 

Colcmbi:PA ma. f'acturcrs currently canuot meet all the country's 

needs and s:me imu.,ts are Woking place. Hwever, a major r'nu­

of about 20,000 tons perfActurer, AM, with a currenit cepacity 


year is , xi;ending facilities and plans to meet domestic deands,
 

and to begin e::vortig, itUi: three years. T'be refractories 

industry in Fcuadr is very sm2ll and some refractory bricks are 

being imported. he nnnlysis thus indicates that Chile and Perd 

have exi.itiit.r inict-ies adequate to sLl V their local reeds. 

Colombia and Ecuador, on the other hand, are importing frcm other 

countries, alth;nuh the former has plans to expand their existing 

industry to m,-,t their requirements. It is unlikely that given 

their market conditions olivia could export refractory bricks 

to the iean subrugicn. 

it is also nut nrobable that Bolivia No a promising opportunity 

for the manufacture of' manecte refractory brick for the world 

market. The biggest and most sophisticated users of this product 

1 58
 



around the world prefer to purchase magnesite brick from forms such
 

who provide highly technical services
as Harbeson-"alker and Lota-Greca 

as part of their scles; effort. 

In conclusion, we do not consider the production of refractory
 

bricks in folivia for e:xqort to the Andean and world markets to be
 

a prerising opportunity, at this time.
 

11. 	 iie 

at a low level as theBolivian domestic demnd for lime is 


types of industries using lime are not established in the country.
 

For Bolivia to consider this as a p:otential industry it would have
 

to rely almost entirely on emport markets. An examination of
 

market data for other countries shows that the Production in each 

of these is at a nigh level and that irmorts are relatively low. 

A further examination on transportation rates indicates that the 

f.o.b. plant price of about USA2O per 	ton would be more than doubled
 

before the lime rcarce:, the Pacific (onst and even consideration 4. 

any potential redcaion in these freight rates des not make this 

an economic prssibility. Consequently, we do not recognize any 

potentin! cnprartunities for Bolivia in lime production. 
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