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Table 4

YRARLY AVERAGE OCPPER PRICES
(Rellar oents per pound)
United States: price for London Stook Exchange
Toer large produesrs
1952 24,50
1953 29,05
1954 29.95%
1955 3.8 hh Ok
1956 42,00 AW TY
1957 .17 27.46
1958 2.5 .7
19% 30.99 29.7
1960 2.5 3.7
196 30.32 2.7
1962 31.00 29.26
1963 31.00 29.30
1964 32.% .90
1965 32.07 .64
1966 54.18 .47
1967 49,62 2.27
1968 53.54 56.01
19689
Ssuress Corperesida del Ocbre, (hile, varieus publisstiens.




16, Vwithout analysing the price fluctuations over the whole period covered by

table 4, it may be said that the time span 1959-1969 can be divided into four

periods, marked by the evolution of prices. In general, until 1963, there was
overproduction, which tended to depress prices; since 1963 demand has greatly
exceeded supply, causing an upward trend in prices. ‘During 1960-1961, copper remained
rslatively free fram price controls (except those of United States producers), and the
fluctuations appear to be nommal for this type of product, the London Metals Exchange
acting as the main regulator During a second period, fram 1562 to 1963 the producers
took stabilizing measures intended to brake the downward trend of the market. During
the third period, from 1963 to 1966, the large United States producers showed a
growing inclination to adopt a pricing system of their own. Over this period a
widening gap can be detected between the prices on the London market, which came to
be clearly marginal, and thoss of United States producers. Finally, in June 1967 the
main exporting countries - Chile, the Congo, Peru and Zambia - reached an agreement
setting up the International Council of Copper Exporting Countries, with its seat

in Paris. These countries decided shortly afterwards that they would no longer price
their copper for export on the basis of the price of the large United States producers,
but on the cuotations of the London Metals Exchange, with the result that since then,
the differences between the two prices have always been less than 3 cents per pound,
the cost of actually shipping copper frcm New York to London or vice-versa.

(b) Estimgted capgcity of snelters and ccncentration plants in 1966
17. Cnly the installed capacity of the refineries lends itself to clearcut

neasurement because in the blister mmelters it is defined basically by the copper
content of the ores and concentrates mmelted, and in the concentration plants of the
two types existing in the country, by the copper content and the hamogeneity of ths
ores. Table 5 shows the information available about the installed capacity of the
Chilean copper industry in 1966,

18. It can be seen that it was poesible to concentrate by flotation 45.8 million
tons of ore annually and by lixiviation 24,3 million tons. CUf these figures, the
share of the three big mining enterprises was 87.6 and 90,3 per cent, respectively.
The balance corresponds to the medium mining sector, including a total capecity of
622,000 tons in the Government concentration plants and of about 5 million tons of
flotation and 2.3 million of lixiviation ores, distributed among L4 private mining
enterprises, of which twenty ars cuite mall, with a capacity of not more than
about 10,000 tons per year.
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Table §
CHILE: INSTALLZD CAPACI‘TI FOR PRIMARY COPPER PROUUCTION » 1966

(Theusands of metric tons per year)

vopper Dar p ion “Ore bont&iiation
Description facilitiea faci es

Fire KEectro- Flote- Lidvia
Bliater refined lytic tion tion

- Ietal large mining sector &0 180 228 0 150 2 90
Chile EBxploration Company - 130 196 18 250 2 900

Andes Copper Mining Co, 100 - 2 8 7%
sraden Copper illning Co., 1380 180 - 13 10 -

lotal mediya size mining pegtor 62 & 7Y 687
ta

1 ENAMI plant - -

Mantos Blmcol%ninl Co. 20 -

17 other private mimea - in

ztggm Efgm ]
ENAMI p. mtocincluding Copiapé o/ W 202

7 private mines 588

1 B'Ad plant
56 private plants
k other private plants

O
&ngru mftor

6 other private plants

¥ mﬂ &mt il.u Yentanss) g/

b private plants

b privste 5.:“
]
1 private pfnt

priv 1) - - -

$ Servicio de Mnas del Bstado, Ministry of Mines, Chile.

mmmd concentration snd lixiviation plants for purchased ores, as well s¢
custon smslters and refineries, belonging to BNAMI (Bmpress Necional de Minerfa), the
Government agency for support snd promotion of the mining industry,

3/ The Copiapé smelter, begmn operstions in 1952,
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19. The table gives an idsa of the wide scatter of the copper reserves of the
small mines, extending for more than 1,700 kilometres, and aleo of the concentration
of oxidised ores, which have tc be lixiviated, in the most northern copper producing
province,

20. There are seven mmelters in the country of which the three largest belong to
thres big mining plants, two to the Government and two to private companies in the
medium siee mining ssctor. Electrolytie refining is limited to three plants, two
belonging to the big mines, with an annual capacity of 228 000 tons, and one to the
ENAMI plant at Las Ventanas, with an annual capacity of 84,000 tom.y The figures
in Table 2 show that in 1966 thie capacity was fully utilised. The Govermment
refinsry at Lae Ventanas refined all the blieter from the Ventanas smelter and part
of the blieter produced at the E1l Teniente mine. On the cther hand, the fire-rsfiner
installed in one of ths big mines was partly idle, being used at only 55 per cent

of capacity. As the blister producticn of this mins was larger than the fire-refining
capacity, it appears that this underutiligation of equipment ie a consequence cf the
diefavour into which fire refined copper has fallen lately in the world market.

(¢) E ted investaent in on and new dev t dur 1

2l. It ie nct poesible to establish the amounte invested in the Chilean copper
industry before 1964/66 and, even if the figures could be obtained, it would be
meanirgleee in view of the inflation persisting in the country, the rise in the cost
of equipment and the improvemente in the technology empleyed. In addition, it would
be necessary to separate ths part of the investment corresponding to the mining
activities proper, fram the subsequent beneficiation, mmelting and refining ind,
lastly from the gensral infrastructure such as roads and means of traneport, housing,
power and water supply, etc. It ie even more difficult to investigate investament in
the medium and small mining sectors. While practically all the inveetment in big
mining is recorded in the corresponding archives as direct fereign capital investaent
no special permit is required for investment in small and medium-sisc oompanies and
there is no register where thie information ie centralieed.

22. In an effort to present scme figures, table 6 shows the most important data
referring to investamt made during the expansione fram 1955 to 1964, carried out
under the "New deal for the copper industry® law of 1955.

&/ T™e electrolytic refining capacity of the big mines was expanded in 1969, when
production reached a total of 268.481 tone, as will be seen later in the section
dealing with the expansion of the industry simce 1966.
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Table 6

CHILE: INVESTMENT IN THC PRIMARY COPPhit INDUSTRY EETWEEN

1954 AND 1964

(ys dollars)

Lafge nining sector

Capital increase
Additional investment not covered by special decrees

Medium gnd small mining gectors

Capital increase
Direect investuent for private companies by ENAMI
Credits granted by ENAMI in favour of private owners

ENAI, cost of Ventanas ana some small concentration
plants

iotal

228 088 214
32 649 193

69 087 427

18 327 369 o/
5957 557 b/
5 000 000 g/

19k 120 200

Sources: Comité Nacional de Inversiones kxtranjeras and lapresa Nacional de Minerias.

» Between 1959 and 196k, not including investment based on credits.

¢/  Bstimated.




28+ It is not possible to measure the effect of this invesument as part of it

was devoted to replacing old mining eetablisiments whose ores were becaming exhausted.
lvevertheless, the table shows how capital-inteneive the primary copper industry is

in Chile,

(d) Destination of Chilean copper production

2he  In 1966, in terms of fine copper content, 582,865 tons of copper in variocus
formswere exported, while the local industry took 39,700 tons, of which, in turn,
29,000 tons were exported in the form of finished copper products, thus leaving an
apparent consumption of 10,700 tons in the country, or 1.2 kilogrammes per capita

per year. Llectrolytic copper exports directly fram Chile reached 220,724 tons
which, added to the 35,379 taken by the Chilean manufacturing industry, gives a total
of 256,103 tons for tnis type of copper. But the fact is that Chile delivered in

the world markets, in addition to its own production, 373,208 tons of electrolitic
copper, from refineries abroad which proceseed part of the blister copper shipped
from Chile,

25, Table 7 illustrates the movement abroad of Chilean copper produced by the big
mining sector in 1966. It can be seen that there was an increage of 152, 484 tons in
deliveries of electrol:tic copper, and a decrease of 158 868 tons in the blister,
despatched to the United States and Belgium, where it was refined for delivery to
other countries, in addition to the dirmct deliveries from Chile wh ch are showm in
the column "Shipped fram Chile" and which are included in the totale appearing in

the next column. (f the 204,477 tons of blister shipped abroad, 45,609 tons renained
in buropean countries, mainly the United Kingdm, Germany (F.R.) and Sweden, where
they were evidently refined and used. The case of the fire-refined copper is different,
in that the figures for shipments from Chile coincide almost exactly witi. those for
deliveries, indicating that this type of product ie not subject to further movements,

26, The case ie similar for the production of the medium and mall mining sector,
which also registers the refining abroad of the 30,759 tons exported as blister in
1966, but it has not been possible to obtain the final destination of thie metal.
Table 8 presents the information available, Concerning the copper exported in the
form of ores, concentrates, oto, the metal was apparently sold in the form in which
it left the oountry,

27. Table 9 shows the amcunts paid by the Chilean copper industry to cefineries
abroad for converting blister into electrolytiec copper for delivery to the various
markets. The charge per ton of elestrolytic oopper is 66 dollars.




Table 7

CHILE:s EXPOKTS CF COPPER PRODUCED BY 1Hi BIG MINING SECT(R
IN 1966 BY CCUNTRIES CF Dt TINATION

(Wabris tons of fine gepeer)
Fire
__Electrolytic copper = _JIefined ——Bligter bars __

Country of Shipped fram Shipped fram Shipped from
Destination Chile Delivered Chile Chile Delivered
Ar;ontim 2 610 2 610 Iy (XX (XX
Austria 533 817 see Y se0
Belglium see 152 oo b 510 Xy
bBrasil 1l 3“7 l u? 89 eee eoe
Denmark 1 00 l 75‘0 YY) 'Y soe
Finland 1 634 1634 oo
France 15 569 23 69 16 482
Germany (F.R.) 75 909 88 56k 1 onm
Italy 17 938 L 837 20 4
Japan 7 0 17 356 1087
N'th.rl.nd. see XY m’
Norway 2 212 2 212 0o
Sweden 14 Ol4 1679 3 %S
Switserland 1 700 2 839 2 053
Spain l 076 2 975 Xx
United Kingdam 4 316 52 564 15 548
United States 18 457 102 008 Y

Iotale 26 s nzis

Soures: Corporacién del Cobre, Chile.




CAllk: LEAPORTS CF COPPEX PRODUCED BY THE MEDIUM AND SMALL
LINING SECTCR IN 1966, BY COWTRIES CF DESTINATION

(Metric tong of fine copper)

Country of Electrolytie
destination ocopper

Argentins 2 k92
Belgiwm eee
Bolivia

Brasil

Checoslovakias

China (continental)

Colombia

France

Germany (F.R.)

India

Italy

Japan

Netherlands

Peru

Spain
Sweden

United Kingdem

United States 7

Uruguay see
Istals 34009

SUree: Corperasidn ael Osbre, Chile
& Caents, concentrates, ores and alags.
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Table 9

CHILEs EXPENSES INCUKRED IN REFINING CHILEAN COPPER AERCAD

Tonnage refined abroad Refining costs
Year

Large mines Medim and Total

mall mines

19% L) 15 b 9 636
1957 183 15 196 13 oée
1958 19 20 213 14 058
1959 174 20 194 12 804
1960 208 25 233 15 378
1961 185 32 227 1 982
1962 208 h) 239 15 T
1963 209 k) 240 15 80
1964 27 38 253 16 630
1965 187 57 2hh 16 104
1966 152 30 182 12 012
1967 190
1968 165
1969 13

Souree: Corporacién del Cobre, Chile.

8. Table 10 shows the copper supplied to local mamufacturing industry, with s breakdown
into metal for use within the oountry and metal for export as manufactured producte.
It ocan be seen that therse is a definite growth trend in the copper consumption of the
oountry, without differentiating too much between electrolytic and fire-refined metal.
On the other hand, the figures for exports of copper manufactures show wide variations.
A emmpariscn of the 1965 total, which reached 62,264 tons, with more recent figures
indisstes that thers is a sericus underutilisatien of the mamufasturing equipment
existing in the cowmtry.
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111, BRIEF DESCRIPTIUN OF THE CHILEAN COPPER
MINING INDUSTRY 1N 1764-1966

1. Big aining gector

29. As has been mentioned before, this group produces the largest share of the
total copper extracted in Chile and,also, supplies the major portion of the
country's foreign exchange earnings. Production is carried on with the most

modern techniques and equigment, with a nigh degree of mechanization and with

high productivity. A brief description will be given of the operations at

El Teniente, Chuquicamata, Potrerillos and El Salvador,

(a) Breden Copper Co,, now Sociedad iinerg El Teniente.

30. El Teniente is the largest underground mine in the world, It is located at
about 3,000 metres above sea level in the Province of O'Higgins, some 150 kilometres
south-east of Santiago. It beionged to Kennecott Copper Co. until October 1966,
when the Chilean Government acquired 51 per cent of the capital forming the new
company Sociedaa Minera El Teniente. Production consists of fire-refined and
blister copper and also concentrates, which are sent to the national refinery at

Las Ventaunas for further processing.

31. COperations began in 1906, in which year 90,000 tons of ore were treated, and

in 1911 production rcached 4,523 tons of metal content, Since then, production

has been rising almost continuously, reaching the maximum output of fire-refined
copper (167,655 tons) in 1952, Beginning in 1953 » & new policy was adopted

reducing the eiphasis on fire-refined copper and exporting biister instesad which

was electrolytically refined in the United States at the Kennacott Copper

refineries at Garfield (Utah) and in Anns Arundel County, Maryland. In 1958
production of fire-refined reached its lowest lovel and blister its highest,

with 58,000 and 113,000 tons, respectively. Between then and 1966, production
levelled off to slightly lower figures, until the very last few years. It should '
be noted that one of the factors limiting copper production is the amount of snow
that falls on the Andes; if it is insufficient, this reducss ths avallability of
power in the company's hydroelectric system,

32, The installations are distributed as followss at Sewell (2,800 metres altitude),
ths mine and concentration plants, at Calstones (1,560 metres), the smelter, and at
Coya and Pangal, at lower altitudes, the hydroelectric plants, while the administratics
the repair shop and other supporting services are at Rancagua.
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33, Block caving is used for the extraction of the ore, which then passes
through the dry grinders and from here, mixed with water and the rsagents, passes
through ball milis. In this first stage of concentration, copper content is about
20 per cent. These concentrates are further ground with the addition of lime
and proceed to the next flotation process in Denver cells, where new reagents
are added. The final grade of the concentrates is 33 per cent copper. Parallel
with the flotation process, the molybdenite is separated out. The copper
concentrate is now thickened and sent to the smelter in Caletones, where after
roasting, it is smelted in a reverberatory furnaces. The matte thus obtained
has about a 50 per cent copper content and feeds the Pierce Suith converters,
producing & blister with 95,43 per cent copper, one gran of gold and 90 grames
of silver per ton. The molybdenite produced amounts to some 2,500 tons a year
with an average content of 57.5 per cent,
34, The El Tenients plant has a flotation capacity of 36,000 tons of ore a day,
which on the average has a yield of 1.2 per cent of copper, and a snelting and
refining capacity of 180,000 tons of metal sday. foor ?-ulf,
35, ‘When operations began, in 1905, the company had a capital of 2,5 million
dollars. In 1750 it was 72,993,000 dollars and reached 83 million in 1355. After
approval of the "Copper new deal law" of 1955, the company was authorized to maks
a new investment reacning 31,742,415 dollars, of which only 67 per cent had been
invested before the reorganization of the company in 1966, In addition, Braden
invested 17.1 million doilars in iiscellaneous expansions bstween July 1955 and
July 1965.
loration Co 19 Chuguicgagat

36, This deposit, reputed to be one of the largest in the world, is in the
province of Antofagasta, 150 kilometrss from the port of Tocopilla and 1,140
kilometres north of Santiago. Until 1969, the rine, located at 2,783 metres
above sea level, belonged to the Chile Exploration Company, a subgidiary of
Anaconda Copper Mining Co. It initiated opsrations in 1913 and went into
production in 1915, It produces a 99.99 per cent electrolytic copper and 99.70

blister.
37. The first year, 1915, copper exports froﬁ the mine reached 4,962 tons of
metal. In 1943, almost 240,000 tons of mstallic copper were produced. From
then onwards, production fell gradually until the sulphur ores treatment plant
was inaugurated in 1952, with an investment of some 130 million dollars because
the oxidised ore deposit which lay on top and on ths utilization of which the

original processing plant was based, was gradually being exhsusted. Sulphide
ore bodies began to appear in the terraces of the open pit mining, compelling
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the company to start selective nining with loss of productive capucity as well
as money. In 1764, total production rcached 288,000 tons.

3%. In 1969, ore beneficiation capucity was 150,00u tons a day, wnich permits
trzatment of about i3.5 million tons of oxidized ore and of some 19 million tons
of sulphide ores per year.,

3Y. Oxidized ores are treated in lixiviation and electroiysis plants with a
daily capucity for 50,00U tons, while sulpiide ores go tnrough a flotation plant

wiiich can take up to about 60,000 tons per day for treatment. The concentrates
obtained in the latter do not go directly to the smelter but are treated

previously for recovery of the molybdenite. In 1964, 3,500 tons of 54.43 per cent
molybdenite concentrates were produced. Copper concentrates of 50 per cent metal
content are then sent to the reverberatory furnace for production of the matte
which feeds the converters,
40,  Until 1952, as explained apove, Chuquicamata shipped exclusively electrolytic
copper, but in 1964 this product represented only 61,7 per cent of total shipments.
Fart of the blister is cast to produce anodes, which are electrol¥tically refined.
Chuquicamata blister contains 2 grammes of gold and 450 grammes of silver
per ton,
4Ll. The company's initial capital was, in 1713, of 1,000,000 dollars, while in
1955 investment totalled 242,056,000 dollars, distributed as follows:

Land usy 5,670,000
Buildings and equi_ment 204,117,000
Raw materials and stocks 31,518,000

The depreciated value of equipment and buildings was 280,293,000 dollars. After
approval of the "Copper new deal law" in 1955, the company was authorised to
invest 94,842,566 dollars, of which only 86.4 per cent has actually been spat,
in addition, the Chile Exploration Company invested a total of 14,040,987 dollars

during the samsperiod, authorized by separate decrees.
(¢) ! ‘

L2, This mining complex is in Atacama province and belongs to the Andes Copper ]
Mining Company, a subsidiary of the Anaconda Kining Company. Operations began ;
in 1920 with the exploitation of the Potrerillos deposit, located at 2,500 metres ‘
above sea level and about 100 kilometres from the port of Barquito (close to )
Chaiiaral).and about 1,000 kilometres north of Santiago. This deposit, currently




exhausted, contained both sulphides and oxidized ores. At the beginning only
the oxides were .1ined but exploitation of the sulphides began in 1959, It is
estimated that the deposit yielded in total 1,760,000 tons of fine copper.

Aftor the exhaustion of Potrerillos, the El Salvador deposit was opened. It

ig an underground mine located at 2,400 netres altitude 56 kilometres away from
Potrerillos. The ore uined is concentrated at ©l Salvador and the concentrates
sent to Potrerillos for smelting and refining. In 1905 79,058 tons of olister
and 12,406 tons of electrolytic copper were produced, it is to be noted that
this is the first year that part of the vlister was refined electrulytically

in Chile at the olant, The copper is sent from Potrerillos to Barquito for
shipment, as is the molybdenite prnduced, the anount of wnich ranges from

850 to 1,100 tons per year of concentrates with a yield of between 55 and

60 per cent,

43, [El Salvador produces daily around 28,000 tons of ore with a yield

between 1.3 and 1,45 per cent of copper. The ore is taken to the primary
crushers and the oversize goes to the secondary crushers and is screened to

1/2 inch, This product is then taken to bar mills which deliver the ground

ore to the wet mills (cyclmes and ball miils)., At this stuge the pulp goes

to the primary flctation cells, from which it comes out with a copper content

of about 15 per cent, The flotated pulp goes to a thickener which receives the
pulp with lo to 20 per cent of solids and Jd ivers it with about 42 to L& per cent
solids, to undergo final dressing through a set of ball rills, and flotation
cells, giving an end product Wwith between 47 and 48 per cent of copper. Average
recovery is 85 per cent of the copper in the ore. These concentrates are then
taken to the molybdenum recovery plant, where they are flotated with the proper
chenicais to groduce a concentrate with 57 per cent Mo, on the averuge, The
copper oncentrutes are pumped through a pipe systen to an intermediate point
and taken from there to Potrerillios by rail,

4. The smelter, and since 1905 the electrolytic refinery also, are located

in Potrerillos. The smelter consists of a typical reverberatory furnace, which

produces some 600 tons of matte per day, with a content of 54 per cent copper
and 24 per cent iron, for feeding the converters. In this way, about 4LOO tons

of blister are obtained daily, of which part is in the form of blister bars

and part anodes. ‘ine blister is sent directly to the port. The electrolytically
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refined anodes have a copper content of 79.95 per cent. They are wasied and
sent for trecatment to eliminute the arsenic content and then cast into bars,

45, The Anaes Copper liining Company began Operation with an investment of

50 million dollers, 1In 1455 total investuent was estimated at o s 252,000

dollars, and it increased considerably during the next few years owinzs tu
the developnent of 71 Salvador. Total investment in the latter wine reached
107.4 million dollars, of which more tnan 25 million were srent in the tuwo

erinding systems, the concentration and the molybcenum plants, Investnent
in the mine proger rcached about 20 million and 3 million was spent on
re~equipping the smelter, The rost was invested in the infrustructure -
housing, water and power services, roads and other means of transport,

NI In 1%6< an investment totalling 10,0 willion in the electrolltic

r:fincry was approved, <, 750,00 of which was spent in 1y05. 1In 1468 an
auditional investment of 10,3 million dollars was approved, for the

duplication of the electrolytic refining capgacity,

<o Hediun and smail mining sector
47. Taking botn these sectors togetner incrcases the heterogeneity of the
aggregzate to ba studied because it comprises both plunts, using high-level
modern technology/lnteuslve esploitation nethods, generaily sunsidiaries of
foreimn firms, and .lants doing small-scale selective mining with obsolete
metnods and rudimentary equipment. As the legal definition dividing the two
“roups is partly based on the amount of capital, and there are only a few
small nines which carry their operations as far as the concentration of the
ores, most of the official statistics deal with them as a singls group. It
seems best to follow the same procedure here,
48,  The group can be divided into two: on one hand, the grougp comprising enter-
prises of & certain size which in some instances carry their operations as far
as rafining, and, on the other, all those plants or anterprises which depend
for their sales on the purchas-s which can ve made by tNa.l or private ore-
purchasing agencizs. To the first group belong almost all tne plants
comprising the nedium-size sector, while the other corresponds closely to
«hat is :enerally understood to be the smalli mining sector,
47.  Among the medium-size plants, the most important are: Mantos Blancos in
Antofagusta Province, which is described in annex II and wnich produces
fire-refined copper; Disputada de Las Condes in Santiago and Valparaiso

I
i
i




,rovinces, which smelts part of its concentrates into blister at a small
smelter at Chuores; and, lastly, La Africana, which stops at the production

of concentrates.

50, The combined production of the two sectors reached 120,920 tons of
copper in 1966, which represents an increase of 165 per cent over the 1356
figure, and it is still more significant tnat in ile latter year only

33 per cent of production was swelted in the country, aguinst T4 per cent

in 1566, It was in lyol that this group, for the first time, prcduced

10,49 tons of refined copper (fire-refined), against 44,C34 in 1yoo.

51, Some of the enterprises incluced in the small mining group reach, as

has been said before, the stage of producing concentrates which they either
sell directly for export or deliver to the “wAil smelters, where it is given
further processing in return for a percentage of the processed product.
Nevertheless, the majority of the entreprensurs of this group 1o not reach
this stage but sell their ores to private buying ajents, or to ENAMI, either
for direct sale or for beneficiation against a percentage of the product.

The importance of iilAkxl in this respect can be measured by the fact that in
1966 it received about 4L per cent of the copper contained in ores and
concentrates produced by the medium and small mining sector (48,000).tons. The
mines included in the small mining sector can be classified in three groups,
as follows: (1) a group which in 1903 included 3,424 enterprises walch employ
manual meth ods and may even use wincnes, Their production rarely exceeds

30 tons of fine copper content per year. They work generally uigh grade ores,
often only s oradically, limiting in tuis case, extraction to rich veins and
lentils, iany of them produce less than one ton of copper per year. On the
other hand, most of the mines that are working regularly include some lower

grade ore; (2) a second group with mines that have some degree of mechanization;

they generaily use coipressed air for drilling operations and mechanical
1ifting devices; on the averaze, they produce between 30 and 250 tons of
copper a year; (3) the third group is composed of the more mechanized plants
including in addition to the aforementioned elements, horizontal transport,
bins, etc. Their annual production usually exceeds 250 tons.

Table II shows the shares of the three groups in the 1963 productionm.
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Table i1

CallE:  COPPER PHUWUGTION OF Int Shasn aby MELIUY $iZz wINES,
CLdOSIFIEL ACCURULNG TV JHi SLLES OF THis Mt oPRISLS

Tons of fine copper produced 0 to 30 31 to 450 over <5C Totad
NumbPerof mines exploited 3p424 142 22 3,588
Production (tons of copper) 6,341 12,230 14,251 32,872a/
Parcentage of nines 95.4 4,0 0.6 100
Percentage of production 19,4 37.2 L3.4 100
Average production per mine

(tons of copper) 1.87 85,5 548,0 9.15

gource: INANI, direct information,
A/ Differences fron figures in other tables are due to statistical discrepancies,

52, On the other hand, in Chile, land containing cupriferous ores is rather
heavily concentrated in some districts and in many cases the ores are not found
in whole derosits, but in parts of one large deposit whicn oelong to different
owners who often lease their mining rights to a large number of mining companies.
This is not prohibitad by the Chilean mining laws, and thigs shortcoming results
in the waste of considerabie part of the copper resources of the respective
deposits, because each one of the lessees expluits only those ores whicn are
compatible with his scale of operations and degree of mechanization, thus
leaving a considerable amount of copper in the ground. Exploitation of the

Andacollo deposit, in Coquimbo Province, described in Annex III, is an example
of this,

53. Investment in the medium and small mining sector is financed from various
sources. The first is the reinvestment of profits, regarding which there is no
information available at all, Another gurce is the credits granted by the
sellers of the squipment, and here again, no information is available, ENAMI has

estimated that in 1963 it represented 20 per cent of total investaent of the small
mining sector,
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54, An im, ortant source of financing for the medium mining enterprises is the
money invasted in them by foreizn companies as vell as the cradits they obtain
from abroad. During the period 1755-1Y04 foreien investment from these two
sources amounted to v/ million dollars, as can pe seen frou tauble 12. The table
shows tiut direct investment in this sector amounted to some 60 million dollars
and the external credits to 9,100,000, The final use of this foreign investment
is not known, excegt in the cases of Disjutada de Las Condes and Mantos Blancos.
The remainaer has provably been aplied ore to ex_loration and prospection

and tus preparation of the qine workings than to the construction of beneficiation
plants,

55, a fourth source of financing is the Chilean Government, through rwArl. The
assistance from this source is mnainly channelled into credits to small nining
companies, ana waid investment in concentraticn plants, snelters and refineries.
The credits grantea tu small companies during this period amount to some

., million dollars, but wost of it was used as working capital, and only a sinall
part went to investment in equipment and facilities. The direct investment of
il between 1y57 and 1yt in concentration plants, smnelters and refineries
totalled 61 million dollurs, of which 4l per cent was financed by internal
credits and the rest by loans from abroad,

Fxt tion, beneficiation ~ieltin fi ogt
in the uediun gnd gxr_gll nining gectors

56, It is extremely difficult to establish the mining costs of the small
Chilean mines, in view of the large number of variables which have to be
considered, such as; the nature of the deposit and its yield in copper, the
scale of production and the degree of nechanization, the distances to be
covered and the characteristics of the roads, as well as the means of transport.
un tne basis of the very abundant material to which it has access, ENArd has
astablished standard costs for the five main products which it buyss direct
srteiting ores, ores for concentration, for lixiviation, concentrates and
precipitates., 1nto these stancard figures, corrections are introduced to cover
special cases. The information is presented in table 13, and from it the

impar tance of economies of scale, at least in the smaller production range,

can easily be seen,







Table 12

CATL7:  FURMLGN INVESTMNT Lo iJwiiM ail WALL UCaLR
CUPF ML MINING ,1955 TO 1964

Year Investor Country

of origin Recipient Value
1955 United Sotamin Canada Sagasca 2,922,500
1955 Suntiapo Mining Co.g/ USA La Africana 2,133,334
1955 " " " H " " llb7,225 i

1956 Soc. Minera Peiiarroya France Disputada de

Las Condes  Lire 1,438,178

Fr. Francs 3,925,000

35; PETA

1958 lippon Mining Co. and iitsui Japan Portezuelo 135,000

1960 Smpresas Sudanericanas S.A. Pananma Mantos Blancos 4,000,000

1561 tansfeld A.G. Germany andacollo 19,850,000
1561 Soc, liinera Paiiarroya France Disputada de

Las Condes 1,702,507

1951 Empresas Sudauericanas A.A. Panaina liantos Blancos 1,130,W0 J

| 1962 Chile Canadian lines Canada Taltal 2y 904,472

‘ 1963 Canadian Ore III Canada Santo Domingo 5,000,000

1963 Chile Canadian Mines II Canada Paposo 625,450

1963 Dowa Mining Co, Japan Chaiiaral 7,854,955
1963 Soc. linera Periarroya France Disputada de

Las Condes 10, 0Ly, 000

1764 Cla. ilinera San Carlos USA Arica 340,000

1904 Chile Canadian Mines II Canada Paposo 305,000

59,975,717

Fr. Francs 3,925,000

Lire 1,438,178

Plus, credits obtained abroad by Mantos Blancos 9,100,000

Total, equivalent to 69,087,427

20urce: Comité de Inversiones Extranjeras
&/ Affiliated to Anaconda Copper Co,
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Table 13

CHILE: CUST OF ORE DELIVFRFD AT Tdk SEIEFICLATION PLANT IN THE
MCDIUM AND SMALL MINING SHCTUR

(pollars per ton of ore)

Annval productive Under Over
capacity in metric 300 t. 300 t. 1,000 3,000 6,000 12,000 24,000 48,000
tons of ore

Eroduct

Direct smelting ore 41.75 33.75 - - - - - -
Ore for ncentration - - G,70 6475  5.84 b5 Lovd L4¢60
Ore for lixiviation - - 9el0 5663  Le72 3.8k 3Tk -

Source: ENALL, direct information given to CiA.

57. The ores for direct smelting are usually extracted through very selective
mining with almost no mecnanization, with the result that their costs are very
high, ranging on the average Detween 41.75 and 33,75 dollars per ton, depending
on the sigze of operations. Given the ore extraction costs 4indicated in the table,
their copper content and the price of copper are decisive in determining the
profitability of any mining operation. In the case of direct smelting ores, the
gain for the producer of celivering an ore of higher grade does not only stemn from
the increase of the copper content of the ore, but also from the reduction of the
smelting costs. Por instance, in Chile in 1964 they were 17.9 dollars per ton of
7 per cent grade ore, 13.3 doilars for 9 per cent and only 9.7 dollars for 12

per cent ores.

52, Refining costs are assumed O be constant and estimated at 3.9 cents per
pound of copper. The loss is estimated by TWAll to be 1 per cent, recardless of
the grade of the ore treated. In the case of concentration ores, costs are
affected, not only by the mining operation proper, but by economies of scale in
the concentration plants. All these interrelations can be seen in table li,
which shows estimated costs at the mines plus LNAML 's processing percentage for

the subsequent operations. They are based on the assumption that copper recovery
in the concentration is 90 per cent and the cost of concentration variss between
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1.3 cents per pound of copper, charged for 2 per cent ores, to 7.0 cents per
pound for 3.5 per cent ores.

59 “ii.l also buys concentrates for c.erting and refining. In tnese cases it
is esti.sted thit copper recovery is only B0 per cent, as most of tiese plants
have only Chilean miils, a type of chaser mill, for grinding of their ores.

60. The ciarge for lixiviating ores is 13,3, 11,8 and 10,3 cents per pound,
respect.vely, for ores with 3, 3.5 and 4 per cent of copoer, Leaner ores are

not purchased. Recovery during smelting is estlmateu to be yO per cent, while
liviviation through percolation gives a yield of only about 01 per cent in the
preliminary process. The hiznest cost components in this case are the acid and
the scrap.

61, There are seviral private concentration and lixiviation plants whien

charee less for these oparations than "iianl does. The reason is that uINALI, being
a fovernient apency instituted mainly for promotional work, is copelled to
recoive a much larmer spectrun of different types of ores, which complicates the
operati ons and reduces productivity, wiile the private buyers general ly specialize

in certain types of ore.

1V, FAUMOTION ACTIVLIILES abip 1HCndluakb ASULSTAGCE miNUERED 8Y T
BlFisoh NACLUNAL WL rdubliA (LadAinl) TO THY MuDIUi aiD
SMALL SCALE +LNING INDUSTRAES
0Le in 1327, the Government established a promotion bank for the mining
industry which was called the Laja de Crédito Minero.ﬁl During the depression,
from 1731 to 1930, it played a very important role in fignting unemployment
tnrough ra,id exploration and habilitation of many small-scale gold mines and
Jlacsrs, In 1952, the Government uncertook the construction of a copper smelter
at raigote, wnicn now has an annual olister capacity of 18 to <2 thousand tons,
In order to operate it, the Empresa Nacional de Fundiciones wus cr-ated, and in
1950 TiA.l resulted from the merging of the two institutions, It is an autonomous
government organization Y linked to the Government tirough the Jdinistry of Mines,

the linister of iines ex oficio being Chairman of THAil.

4/ Eimilar institutions were created to assist sgriculture (Caja de Crédito
Agricola) and industry (Instituto de Fomento Industrial).

5/ It can, therefore, carry on industrial and banking activities and construct
penaficiation plants without the need of government decress.
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63 ENAY] has two main types of functions. Wirst it is responsible for the
formulation and ccntrol of mining policies, which comprises promotion of modern
methods of mining, beneficiation, sielting and refining; technical and financial
assistance to the national mines;éy promction of production; concentration and
industrialization of &ll types of nineral products, etc. Secondly, it carries on
technical activities, which comprise exploration development,, exploitation,
beneficiation, ore smelting and refining, as well as operation of the luburatories
neczssary for the promotion and development of small-scale mining,
64. Promoticn activities

A considerable part of TNAd's work is done through the Promotion Department
(Fomanto), the basic objective of which is to increase production and reduce costs
at the mines, This is done through granting credits, and supplying technical
assistance, and direct services such as buying the ore, concentrates or olister
for their subsequent bencficiation or direct export, Currently, INANI has sight
concentration plants in operation, the Faioote saelter, the smelter refinery at
Las Ventanas, nine laboratories, and buying agencies in various mining districts,
65. In general, ENAMI's assistance has nainly been financial in character; the
technical assistance has been scarce, unsystematic and without previous planning,
The credits thus constitute the main basis of its promotionul activities,
Development programmnes s a8 well ag the improyement of production, have mostly
been made possible by thesge credits, and these improvements have often included
expansion of existing conecentration plants or construction of new ones. Credit is
extended in many formss direct loans, advances on sales or products to be delivered
later, emergency loans, co-making for special contracts and operations, and credits
for purchases in its subsidiary, the Sociedad de Abastecimiento de la Mineria,
which sells supplies and minor equipsent to the mining industry. Thess various
credits have increased substantially in recent years » from the 247,430 granted
in 1958 to 1,219,139 in 1963 and to 2,193,683 in 1969,
66, As to the geographical distributien of the credits » it is noteworthy that
they have grown most in the central provinces, especially Aconcagus and Coguimbo,
This is probadbly a consequence of the stim:lus provided by the building and
cperations of the Las Ventanas smelter and refinery.

§/ National mines are those in which Chileans own at least 75 per oent of
the capital and receive at least 75 per cent of the payroll,
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67. ‘Technical assistance has Deen given in two main forms. Routine assistance
is proviced by personnel of tha institution consisting basically of topographical
and ceolocical work, exploration projects and assistance in planning exploitation.
The uther type of assistance, often with the collaboration of independent
consultants or forei:n experts, has consistad in carrying out special studies,
at the requast of mining enterprises.

642, The services rendered by Al include items such as renting of road
building eguizment, aintenance and repair or such ecuipment, construction of
roads, drainagc systems, supply of electric power, repair of the productive
eyuipment, chemical analysis, =2xploratory drilling and railway transportation,
The limiting factor in this type of service nas been the small amount of
oquipn;ent, FHAML pussesses compared with the numerous demands it has to satisfy.
Originally *NAML had only one power plant, in the neighbourhood of Andacollo

in Coguimbo province, but lately it has been purchasing powsr from the
Government electric power agency and distriouting it among the mining concerns
carrying out the necessary installations.

69. The equipnent is repaired in the repair suops which el has in two

of the concentration glanis, at the smelter in Paipote, and at three vther
independent locations close to important small mining districts. The drilling
service was initiated by private contract®®s in 1560 and now reprasents several
thousand metres of borings per year.

70. In granting of credits gecured by mining properiy, LiAiil often faces problems
owing to the fact that meny small mining ent.erprises are only the lessees of the
properties they work., This is another aspect of the deficiencias of the Chilean
mining laws to which reference was rade earlier.

7, It has often been said that tne credit policy of WAL has not turned

cut to be very fruitful. On the one hand, most of the loans are used to provide
working capital for the borrowers and only rarely have they been used for
capital investment., On the othey, they have weakened the cash position of
¥NAI, thus preventing the institution froa: making & larger investment in
concentration plants, smeitars and refiners. This is the result of the fact
that ENAII has only one budget whicn is relatively fixed, but has to carry on &
dual sctions on one side is the objective of building up industrial facilities
for the induetry, and on the other, it has to act as & purchasing agency and 8
financial institution. As it is, ENAID has to strike s balance between these
two objectives, the interests of which do not fully coincide.
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a of n 1 duct
72. One of the main functions and activities of WNA.L is the purchase of the
srouuction of the small miners, for whici pur.ose it has established a series
of buying agencies in the northern part of the country, where .iost of the
mins are located, The purchased products are usually trcated, either in
ben>2ficiation plants or in smelters oelonging to wlitd. Currently, about
40 per cent of the total production of the small and nedium size sectors is
purchased in this way by INALI. A much smaller fraction is purchased by
severul private buying agencies, while the largest part of the output of these
two mining sectors is directly exported by the lurger medium-size mines.
73 The largest single copper product purchased by HiAkI is concentrates ’
which represent about 31 per cent of the total, but there has also been a
growing trend in the purchuses of concentration ores and, since 1965, of
lixiviation ores. These increases may possibly be attributed to the
expansion of the ENAMI beneficiation facilities and the construction of three
new concentration plants in Taltal, Paipote and Cad ldo in the late 1960s,
Th. The purchase of precipitates has also grown, which is an indication of
the expansion of the private lixiviation facilities. The direct smelting ores
have shown an upward trend also, after the low figures they showed in 1957-58,
This is probably due to the favourable copper prices in recent years, because
the products which show the largest response to price fluctuations are the
concentration and lixiviation ores. It ssems that the largest influence in
the volume of dircct smelting ores is the availaoility of resources, which are
not too abundant, as only ores with grades between 7 and 10 per cent copper are
in this category,
75, Concerning the origin of the purchased material, it is noteworthy that
more than 50 per cent of the concentrates and precipitates come from plants
having a capucity above 250 tons of copper metal a year, while 50 per cent of
the sales of mines smaller than 90 tons consist of direct smelting ore. The
percentage of this material rises to over 80 if mines producing less than 1 ton
of copper a year are considered, During the last few years, over 50 per cent
of the total copper purchased by RNAAI ceme from less than 9 per cent of the
enterprises. This is because from 3,500 to 4,000 individual sellers have an
annual average capacity of less than 2 tons of fine copper content.
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Ez;c;gg of the products bought by AL,
76, The prices to be paid to the sellers depend on the type of product and
a series of other factors. Some reference to this problen was mnade sarlier in
this paper in connexion with the cost of FNAMI's processing operations for other
companiss, and some figures are given in table l4. In order to illustrate the
procedure followed for fixing the prices, the schene employed in August 1967
is given below:

1, Coppar price: Lk4.O cents per pound;

2. Rate of exchange: 5,02 escudos per dollar;

3, listallurgical loss: 1 per cent of the copper;

4. Kefining and other expenses: US¢ 86.48 per ton;

5, Direct smelting ores: total charge (smelting and conversion) USe 28.5;

6. Concentrates for direct snelting: same as 3

7. Concentration ores: to consider an averagse grade of 22.; per cent
coppsr in the concentrates. Charge for concentration USy 5.= psr ton,
pecovery of metal 90,5 per cent,

8., Copper precipitates: total charge USy 23.50; refining and other
axpenses USy 80.48;

9, Lixviation ores: average gradeof the copper cenents is estimuted at
6. per cent; charge Usy 8.05, recovery of metal 85 per cent,

T7. As can bs seen, ENAMI starts from the copper price at the time of delivery,
it considers the rate of exchange and starts going baclovards in the processing
from the refined copper to the material concerned, establishing the costs of
refining, smelting, concentration, etc., attributing given grades to ths ores,
concentrates andprecipitates, fixed percentages of recovery and pre-established
metallurgical losses. After this, a correlation is established with the
minerals processed at the Chuquicamata plant and the final prics is based on
both sets of figures.

78, The BiAd investment during 1959-66 amounted to about ©l.5 million dollars,
of which 25 million wese dreawn from its own resources eand the balance from
credits. Ths most important investaent was in the smelter and refinery at

Las Ventanas, which absorbed more than 7. per cent of ENAML's own resowrces and
over 90 per cent of the credits it obtained., Total investment in this plant,
according to official figures, was 52 million dollars, of which 23.7 million
correspond to the refinery, not including the auxilliary departaents. The total
cost of the refinery is a 1ittle over 26 million, thus representing about
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42 per cent of ENAMl's total investment during the period 195y-ct, investment
in the swslter was finunced with 10,1 million dollars in credits and 5.< million
of the company's own resources, The balance of the investment was used in
buiiding some beneficiation Plants, especiaily those at Taltul ang Pai ote,

and the expansion of others. There has Deen no significant investment in
development of mines, in work on feasibility studies, or in the establisiunent
of purchasing agencies,

V. THE CHLLZAN GOVIEWNLINT'S NEW COPPER POLICY

79.  The Government which was installed in November 1964 formulated a new
policy for the copper industry of the country. It took about two years to
pass the necessary legislation through Congress and during that time a few
more objectives were addeda. The whole body of decisions can be summarized as
follows:y

(1) Increase copper production to practically double the 1964 figures.
This meant a target for production of about 1,200 nillion tons of
fine copper per year;

(2) Participation of the Government in the ownership of the producing
campanies;

(3) Integration of the copper industry in the national economy;

(4) Refining of the largest possible proportion of the metal in the
country;

(5) Active participation of the Government in the marketing of copper
exports;

(6) Programme of infrastructure for tne expansion plans;

(7) Expansion plan for the medium and saall mining sector;

(8) International action of the Government in the copper market;

(9) Nationalization of the copper industry,

The inplementation of this policy is briefly described below,

. (1)

3%0. The Compafifa Minera Andina belonging to the Cerro de Pasco Corporation 1is
developing a new deposit containing 110 million tons of proven ore of a yield
of 1.4 per cent, at Rio Blanco, located 3,500 metres altitude some

150 kilometres northeanst of Santiago. Annual production is scheduled to be
p1,200 metric tons of fine copper and actual operations started in July 1970,

1 to 6 correspand to the 1964 project; 7, 8 and 9 were added in 1966/67.




-32-

before schedule. A total investuent of about 157 million dollars nas been
rrogrammed, of wtich 50 nillion nad already been invested by 30 September 130Y.
R4, The former Braden Copper Co., now Cowpa..fo cinera El Teniente, is investing
247 million dcllars to increase its capacity frowm lou to 28C tuousand tons a
year, in adition, the electrol¥ytic refincry wiil increase capacity from
5C thousan! tu l<U thousaad tons and the fire-refining capacity will be expanded
from ob tnousand to 118 thousand tons, By 31 December 196y, loe willion dollars
hhad been invested in these >xpansions,
82, The third prograume relates 1o Anaconda's Chile uxploration Coupany at
Chuqguicamata, wnere an investment of 114 million dollars will incrsase tne
capacity of the mining vperations, concentraticn, and tne refining plant.
Additional elect.rulyt.ic,.'é‘:;{&gieg amounting to 180,000 tons was installed in
1467, tnus raisine total capacity fur production of elactrolytic copper to
LUo, U tons a year. The rest of the investment is for construction of & new
furnace anu for a 80,000 & pow:r plant at the port of Tocopilla,
83. 1ln anaconda's Andes Copger iining Company, at %l Salvador and Potrerillos,
a new investment of 11,75 nillion dollars vas sutnorized to increase electrolytic
refining capacity to 72,500 tons per annum, In aduition, a Diesel electric
~lant was installed at Barquito, with a capacity of 17,200 K7 and, finaily,
some chan: os were introduced in the underground minine operations, raising the
daily axtraction, which is now 25, 500 tons of ore per cay.
., Finally, close to Anaconda's Chuguicarata, a new oxidized ore deposit,
La Ex8tica, was opened in June l7oy, permitting additional production of
90,700 tons of elsctrolytic copper, which will be refined at Chuquicamata in
the orig.nal lixiviation and alectrolytic plant, which was little used owing
to the exnhaustion of the oxidized ores at Chuquicamata. lnvestment in tis
programme, irciuding refurnisn ing of the elactrolytic refinery at Chuquicwnuta,
amounts to 43.7 miilion dollars,

() ticipgtion of t overniuent n erghip of t
85, 'With the general purpose of changing and improving relations with the
foreisn cumpanies, the Government has pressed for the Government ownership
of partof the stock of the large foreign-owned enterprises. In this way,
mining companies have been formed in which the foreign investor supplies part
of the cupital and his technical know-how, and the Government the rest of the
capital, the co-operation of its specialized bodies, and the basic natural
resourc®s,




I. CHILEAN COPPER RESERVES

1. In 1965 it was estimated that the Chilean copper reserves were the largest in
the world v » Tepresenting with their 41,730,000 tons, 77 per cent of all Latin American
reserves and 21,7 per cent of the world total. More recent publications & establigh
that they should reach 59.3 million tons, which means an increase of i1 per sent over
the previocus figure, Table 1 is based on the latter information » adding a few
readjustments to include new discoveries, as well as reductions necessary on account of
the mining operations during the last few years, the table shows how these reserves

are distributed,

Table 1

CHIIE: OOPPER RESERVES

(Thousands of tone)

Existing ore Average yleld

Kines deposite per cent

Chuquicamata 2 000 000 1,25

El Tenienve 1 700 000 1.20 20 00 20 400
El Salvador 350 000 1.6 & 800 5 600
Exética 150 000 1.35 2 000 2 000

Disputada de 160 000 1.0 1 400 2 100
Las Condes

Rio Blaneco 120 000 1.5 1 %0 1 900
Others medium siss 100 000 2 000 2 000
3mall aines 50 000 2 000 300

8250 220

(July 1966) and Carlos kuis Puller,
8, Instituto de Investigaciones
ago, (k< 1ia, 1965) as well as direet
.tnromun supplied by Mr, Carlos Ruis Muller in July 19P.

W. Metal and Mineral Narket, Market Copper OQuide,
2 .

Alexander Sutulov, Chileen Oqpper, (Universidad de Comoepeidn, Chile),
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%0, As soon as the plan was initiated, the Government owned 30 per cent of
the capital of the new Rio Blanco mine, 25 per cent of Anaconda's Exbtica,
and 51 per cent of Kennecott Copper's Tl Teniente, Recently, an additional
agreement was reached with the Anaconda Group, whereoy the Government obtained
51 per cent of the shares of their mines at Chuguicamata and Eu. Salvador, with
an option to buy the remsining 49 per cent as from 31 December 1972,

(3) Integration of the copper industry within the national economy
87.  The Corporacién del Cobre exercises strict control over the purchases
of goods abroad and the utilization of the external services of the copper
companies, in order to limit their expenditure in foreign exchange. In this
way it has been possible to stimulate to the utmost the purchasing of goods
and services in Chile. 1In this way a market for certain capital goods has
been transferred to Chile,Between 1964 and 1969, purchases for operations
rose from 85 to 128,6 million dollars, while the share of purchases in Chile
rose from 52.7 per cent in 1964 to 71.6 per cent in 1969. The market for
the Chilean economy provided by the large copper mining sector brought in
88,5 million dollars in 1969.

(4) Refining of the larpest possible proportion of the
copoer in the country

88, The original objective of reaching a refining capacity of 750,000 tons
per year was attained within the scheduled period. In 1964, Chile's
electrolytic refining capacity reached 176,000 tons; currently it represents
560,000, including the Government plant at Las Ventauas, which has at present
an annual capacity of 85,000 tons, which is being expanded to 120,000,

(5) Active participatign of the Government in the marksting
of gopper exports

89. The Government wished to have a deciding influence on the marketing
of the country's copper exports so that sales could be mads to all countries
of the world without other limitation than the national interest. These
functions were assigned to the Corporacién del Cobre, which,in addition
is entrusted with establishing the prices, and expanding the markets in order
to avold any action which might in the fyture lead to a deterioration of the
Chilean position in the world market. All contracts for supply of copper
or copper products must be approved by the Corporacifn del Cobre.

(6) Erogremme of infrastiucture for the expansion plans
9.  One of the aims of the new policy is to provide the industry with an
infrastructure permitting, on one hand, the highest possible efficiency and,
on the other, giving the population depending on these activities adequate
living conditions. Therefore, the expansion plans include housing projects
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which do not ain only at providing dweilings for the workers and staff, but
also at integrating them in urban life, The execution of these infrastructural
plans is supplemented Dy the building of roads, the improvement of the ports
of San Antonio and Antofagasta, and sanitation works (such as water and
sewerage), schooling, enlargenent of existing hospitals and construction of
new ones and of policlinics, as ell a8 cinemas and other entertainment
facilities.

(7) on or th m and 1 to
See paragraph 97‘ st 295,
(8) tornatiousl gction of the Gov t in the co

91, The Government did not only devote its efforts to building up the copper
industry within the country, but also established contacts with the other
large copper producing and exporting countries because their problems and
interests in rslation to the marksting of copper exports were identical with
Chile's. For this reason, & Conference of Ministers in which Chile, the Congo,
Perd and Zanbia participated, was convened at Lusaka in June 1967. As a resmult,
an International Council of Copper Exporting Countries was set up, with
headquarters in Paris. It aims at promoting a joint co-ordinated action an all
fundamentai points relating to copper.
92. As a consequence, the situation which existed formerly, when the individual
companies of any one of these four countries could take decisions deeply
affecting the economy of the country concerned without the Governments having
any means of establishing contact with each other to enable them to take
protective measures, has been completely changed. It is to be remembered that
thess four countries export about 80 per cent of the copper that reaches the
world market,

(9) uutionaligation of the copper INduatiy y
93, The above paragraptadescribe the original programe, how things were
planned and what is being executed at present. Certain special and extraordinary
circumstances which arose after the drafting of the programme have brought about
changes of paramount imgortance in the country. It should be remembered that
in mid-1966 the Government changed the reference for the price at which Chilean
copper was sold to the London Metals Exchange. This represented a complete

Pree translation by the author of the relevant passages of President Preile
Report to Congress on 21 May 1970.
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change in the conditions on which the expansion plans had originally been
agreed upon, because the calculations had been vased on an average price of
batween 29 and 35 cents per pound. The change of the pricing system, together
with other factors which influenced the market, raised copper prices to an
average of 56,10 cents per pound in 1963 and to 61.74 in the first months of
1969,
oo This rise created a situation which, besides giving the frivate companies
an undresmed-of level of profits, allowed them to use these additional
resources to finance tne necessary investment. This in essence meant that the
compaies, owing to circumstances over which they had n. control, financed their
part of the bargain with profits they had mude froin Chilean coppers To quote
some figures, Chile Zxploration's profits in 1965 were 32 million dollars, in
1568 73,9 million., Andes Copper had a profit of 3,27 million in 1965, and
of «5 million in 1468,
Q3. This industry, which was receiving unimaginably hich profits, largely
"wing to the Government's promotion efforts s could not remain outside the
seneral context of the Chilean economy, or be isolated from the efforts and
sacrifices which were being im-osed on the country in order to foster its
development. In a collective effort there is no place for priviloges, whether
for minoritis¢ or for specific economic sectors. At that time Chile was
imgosing @ asrarian reform and denanding heavy sacrifices of the tax-pay=rs,
wWhoss number rose from 252,54 to 343,650 between 1Yok and 1958, At the
same time, the educational r=form was being carried out, and strenucus efforts
~ere being made to solve the nousing problem, in addition to the construction
of several long-overdue public works. All these programmes could not be
i elayed; on the contrary, they needed to be speeded up,
5 For this reason, and also in order to extend the policy of nationalization
to the whale large scale copper mining industry, the President, in his report
to Congress on 21 May 1969, announced the Government's intention to secure
part-ownership of all the big mines not included in the original scheme under
ich the Government acquired part of their share capital and received part
of the enormous profits derived from the extraordinary high level of copper
rices, The United States companies Anaconda and Kennecott were informed
O the decision taken by the Head of the State. Later, a series of
egotiations were initiated with Anaconda, which resulted in the purchase by
he Qovermment of 51 per cent of their stock, as has been menticned before,
d received a preferential dividend on its shares as long as the price of
he metal remained above LO cents per pound,

|
|
|
|
|
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97. Expansion of the apbove mentioned gectors was an imgortunt part of the

Government's policy, both on account of the size of the production of these

gectors, and alsc pecause they employ many people and carry o1 their activities

over & large part of the territory. The main measures have been aimed at

making the products of the mediwa and snall mines comgetitive on world

markets and at increasinc their capacity. It is thus that there were new

developments, such as the opening of Sajasca and Carolina de Michillia,

togethsr witn exp@nsions at Disputacda de Las Condes and increased action on

the part of TvAdl. Anung the measures Laken, the following deserve mentioning:
Free dispossl of their own forein exchange for the purchase of imports

48, These mining sectors heve long had a very strony desire to be able to use

part of the foreim exchange they earm to pay for the imports of ecuipment
machinery anda means of transport that they need, wiihout having to spend time
und effort on the formalities for obtaining permits {rom the Central Bank.
A decree dated iovember 1965 solved this problen by authcrizing such imgorts
with no other limitation than the requirement that they should identify
themselves as producers, and that there were no locally produced goods of the
sane quality as those they wished to import. At the same time, such imports
were exempted from custom duties., In the period 1966-1969 the industry took
sdvantage of thase arrangements to import equipment to the tune of over
31 million dol lars.

Jax stability
99, Another old desire, expressed DY representatives of the industry at
nunerous meetings and in many petitions, was for tax stability. The Government
felt that, in order to satisfy this desire, it would be necessary to redefine
the boundaries between the various types of mining activities. Ae authorization
by Congrese was granted in a restricted measure, the Governuent was sble at
least to authorize the revaluation of the mining properties in terms of units
related to the changes of the cost of living. In this way, an enterprise
does not have to pay taxes on the value lost through {nflstion when revaluation
becomes NECOSSArY.

credit

100. As a way to promote production in the medium, and especially in the small,
mining sector, the Government dscided to make & substantial increase in the
amounts of the loans to be granted to this sector. Between 1964 and 1969, they
almost doubled, reaching 2,193,683 dollars in the last of those yoars.
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lechnical apsistance

101, As to technical assistance to the industry, it is noteworthy that
there has been a great increase in the number of geological and metallurgical
studies prepared. In addition, the Government has benefited from an
exploration programme carried out with the co-operation of the Unitad iWations
Development Programme, which has been very useful for some of the mines in the
relevant region and which will seen permit the opening up of new productive
areas,
of o d concentrat

102. Compared with the period 1960-1364, there was an increase of about
140 per cent in the weight of dry ore purchased by ANAIQ during 1965-1969,
which reached 4,708,448 tons in 1969. In 1965, ENAMI's total purchases of
copper products amounted to 34,700 tons, and the target of 55,000 was set
fr 1970. It had already been exceeded in 1569, when the total was 62,400
tons of fine copper.

' 's o ciatio tin iningz facilit
103. The effort ENAMI has made since 1965 to expand its copper-products-
handling facilities can be appreciated from table 15,

Table 15

CHILE: ENAMI'S ORE BENFEFICIATION, SMELTING AND
REFINING FACILITIES

Type of installation Annual capacity  Capacity 1964 Capacity 1969

in tons of;
Concentration plants Ore 2,776,000 8,736,000
Lixiviation plants Ore - 20, 500
Smelters at Paipote and
Las Ventanas Blister 72,000 77,80
Electroljtic refining at
Las Ventanas Copper - 84,000 g/

£2urces The President's Report to Congress on 21 May 1970, wl. II, pp. 486
and 487,

Bpansion plans under way to increase it to 120,000 tons per yeasr,
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104, ‘nile the avove action has been under way, =N&I, in consultation
with the sinistry of Mines, the Planning Office (UDIwLAN), the Ministry of

Finance and other Govarnment agencies, and also with the private sector,

has reachad tne conclusion that, in vurioud recions of the country, additional
action could he undertaken to increase productinn. On the dasis of this
inforwtion, a new wedium and small mining plan has boen prepa:ed and approved.
1t wiil be axscuted during the psriod 197C to 1473 and will yield an
additional tonnage estimated at 45,00C tons of fine copper & yeAar, with an
investmeat of 85 million dollars, which has alrsady been gecured,

LUMMAZY OF THE 14966-1972 COPPTR DEVSLOPLENT PLAN

105. The total tomnage of fine copper production expected to result from
the 1500 plan is sunmarized in table 16, I1f to the 1,107,000 tons scheduled
to be produced in 1972 by the mines appearing in the list, the 45,000 tons
of the ne. medium and snall mining plan are sdded, the table shows that the
rasult will be very cluse to the over-all figure of 1.2 million tons which
the Governumt declared to pe its aim in 1965. Onm the other hand, production
of 1470 wiil be very close to, if not sl ightly more than, the target of

785 tihousund tons because three of the important developments have been

carried out before schoduls, They are: the expansion at Zl Teniente and
the new mines of Compaifa Minera Andina at Rfo Blanco, and Exdtica at
Chuquicwnata.
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Taole 16
CAilEs SUM4ARY OF THL COPFil INDUSTRY LVolORINT PLAY 1965«1900

(Production in thousands of wuetric tons of fine copper)

Hine 1904 1959 1970 1971 1972
Chuquicanata 288,0 283.0  278.0 3560 35440
%1 Selvador 76.7 77.0 95.0 100.0  100.0
Exdtica - - 36,0 102,00  102.u |
El Teniente 163.0 130,- 23,0 <75.0  275.0
Cfa. ¥inera Aadina (Rfo Blanco) - - 9.0 61,0 61,0
Sagasca - - - - 26,0
Mantos Blancos 25,0 30.0 30.0 30,0 3l.0
Disputada Group <03 o5 40,3 40.3 4043
Carolina de Michilla - - - 3.0 0.2
La Africana 7.0 WM.l 3e3 1.6 1,6
ENAMI (purchased and processed
in its own plants) 30,0 52.8 54e0 79.6 82.7
Other groups (inciuding
private cre buyers) S8 Rk 2d 4l a2
Btals g/ 622.5 684.8 785.9  1,073.7 1,107.0

Surce:s The President's Rejort to Congress, 2l May 1970, Vol. II, page 483.

& Small differences from the official figures are due to rounding off and |
the conversion of short tons into metric tons, |
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innex I

NOTLS ON THe GEOLOGY OF THk CHIL.sN CCFFrR DEPOSITS

1, The largest Chilean copper rescrves, estimated at sliphtly over

5,000 million tons of ore, are found nainly in deposits of porrhyry ore. To thie
type belong, among many others, Chuquicamata, £ Tenieate, El Selvador, Exética,
fo Blanco and Disputada de las Condes. Their grade is penerally betwcen

1.3 and 1.9 per cent of copper, Of less import:nce are bed and vein formations,
estinuted at scme 150,000 tons of ore, with average rrades of 3 to 4 per cemnt,
The 1ist of the most abundant ores found in Chile is civen in table A,
Chuguicamata

24 Geolopically, Chuquicamata is an orebody of the terciary period, measuring
from north to south some 3 ,000 metres in length with a maximum width of

1,100 metres, The fraction with the highest sinepslization ie the west border
(100 to 200 metres wide) where the following ores are found: pyrites, calcoelte,
enargite and molyhdenite. The high ylelds are partially due to calcosites of
secondary enrichment., In the centre of the oretody, the mineralization consiste
mainly of calcopyrite and covellite while on the east border calcopyrite and
specularite are found, There are also eame sulphide ores of secordary importance,
14ke bournite and eome lead ores.

3. The development of the orebedy is a consequence of both the oxidation and
the eecondary enrichment, Thus, on the east side and in the central part, there
is a layer more than 200 metree thick of ore rich in antlerite with some
additions of brochantite, chalcantite, atacamite and enargite. Under thie layer,
there is another one of sterile 1ixiviat ed mate-ial covering a zone of enriched
sulphides, On the other hand, on the west eide, there is also a layer of sterile
lixiviated material under which copper is found,

B._3alvedor

he Geologically, El Salvador is the largest and most mineralized of various
mineralization centres which extend along a belt of 5 kilometres in length and
1.5 in width, running north-east to south-west, The principal primary ore of
the formation ie calcopyritee, which appears asgociated with quarts. In the
places where mineralization ie best, bournite is found, while in the lover levels
there is abundant anhidrite sccompanied by bournite and molybdenite. The
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secondary minerals are mainly the product of oxidstion, which has transformed
the primary sulphides into calcosite, although there are also some smaller
quantities of covellite, calcopyrites and bournite present. The calcosite is
dicseminated and associated with small grains of biotite,

Table A
CHILE: COPPER CRLS MOST CO'MONLY FOUND IN THE COUNTRY

Name Tyre Pormula P:;;:"rt
Cuprite Oxidized Cu, O 88,8
Tenorite " Cu o 80,0
Chalcantite *  (sulphate) Cus0, 5 H,0 25,44
Brochantite " . Cu, [~ 80, (o). 7 56,21,
Antlerite " » Cu, L 80, (ow) hJ variable
Calcosite Sulphurat ed cuz 3 70.8
Covellite ® Cu s 66,4
Bournite »  (ferrous) Cug Po 8 63.0
Calcopyrites " " Cu Pe 82 3.5
Yalachite Carbonate ouw, /G 0, (W), 7 57.4
Asurite . Cuy [7(C 0y), (W), 7 55,2
Chriscolla Silicate Cu sS4 O3 o N ll2 0 varisble
Dioptasite . Cuy (84, 05) . 3 WO "
Antofagastite Chloride CucCl, .2H,0 30,8
Atacanite " Cu, C1, (aH), 59.43

Jources OCorporasién del Cobes,

Se This layer of secondary ores covers an ares of 1,200 by 500 metree with a

variable depth between 1 and 300 metres, It is believed that there may be a ;
deep central nucleus with a better primary mineralisation, This is the orebody !
in which the largest part of the estimated 350 million tons of reserves are fownd, |




Exftica

6. «x6tica is an orebody which was accidentally discovered under the tailines
of the Chuguicamata workings, These tailings lie on a plain formed by a cone
filling a basin, oririnated by erosion, and consisting of rock, gravel and
granodiorite cobbles. This sedimentary layer is about 150 to 200 nmetres thick
before reaching bed-rock. The lowest 50 to 80 metres of this layer forms a lentil
containing 155 idllion tons of copper ore, partly in the gravel and partly in the
bed-rock.

7. The main ore appearing in this formation is chrisocolla, but there is also
some malachite and atacanite in smaller proportions. The existing ore has been
classified into three tyres, depeniir.g cn the possibilities of its lixiviation:
(a) good ore, of easy sedimentation, Lo be found mainly in the bed-rock; it has

a grade of 2,02 per cent with 1,02 per cert of soluble copper; estimated reserves
are 113 million tons; (b) partially disturbed ore, of difficult sedimentat ion;
the rrade is 1,72 per cent with only 1.28 per cent soluble; raserves are estinated
at 12,5 million tons; (c) ore resisting sedimentation; its yield is 1.33 and the
soluble copper 0,66 per cert; the reserves are estimated at 29,3 million tons.
B._Ieniente

8. E Teniente is an wnderground mine. The orebody has the form of a continucus
ring with a maximum width of approximately 600 metres, The vertical dimension of
the ring is about 1,300 metres. The prinary mineralization consists of
calcopyrite, bournite, molybdenite and primary calcosite. The secondary
mineralization is mainly calcopyrite, with lesser proportions of bournite, pyrites
and molybdenite., In the third stall of mineralization, tennantite, galena and
blenda appear.

9. The average grade of the ore currently being exploited is 1,95 per cent with
0.08 per cent of molybdenite, Outside of the known limits of the orsbody, it
appears that the grade drops gradually, and that there are an enormous amount of
ores with grades between 0,5 and 1,0 per cent copper. Beginning at about one half
of the height of the ring, and domnwards, the pyrites are replaced by bournite
and calcopyrite. The zone of oxidized ores consists mainly of chrisocolla,
malachite and azurite. In those parts where axidation has been very deep,
cuwrite and native copper appear.




26 Of the above total, about 89 per cent used to belong to the large

United States copper campanies, Anaconda and Kenneoott, especially Anaconda, which,
with its deposits at Chuquicamata, El Salvador and Exética, owned 31.8 million tons,
or 53 per cent of the total Chilean reserves. A few notes about the geclogy of the
copper formations in Chile and the types of ores most usially found appears as Annex I,

II. CHILEAN COPPER PRODUCTION

3. in the middle of last century, Chile was ths largest copper producer in the
world. Kich ores in vein mines were found in many parts of the country and exploited
with very primitive mining and transport equipment. There were many scattered mmall
smelters and the exports consisted mainly of blister copper and direct-smelting ores.
As the easily accessible ore gradually became exhausted, there was a drop in the
physical volume exported, and the country lost its leading position. It was not until
in the beginning of this century that several large porphiry mines were opened: Braden
Copper Campany's E1 Teniente in 1905 and Anaconda Copper Campany's Chugquicamata in 1915.
Sines then, a gradual increase of capacity and production has taken place, through the
expansion of the existing plants and the opening of new minss of various siges,

e Fine copper production in Chile reached in 1968, 656,873 metrio tons 70 per cent

of Latin Ansrioan production and 12,6 per cent of the world total. Of this mount,
53.2 per cent consisted of products refined in the country, either electrolytically or
by fire, and 41 per cent consisted of blister, a product which has been mmelted Dut
still needs refining. The balance consisted of raw materiale: ocements, concentrates
and ores.

Se Copper is produced in Chile by many widely differing enterprises, which have
been grouped togsther for legal and tax purposes, aceording to the sise of both the
investment in them and their ocutput. There are thus three groups: large mining,
sedium mining and mmall aining enterprises.

6. About 79 per cent of the 1968 production was obtained by the large mining
group which, according to Law N° 11,828 of May 1955 y, omprises all enterprises which
produce more than 75,000 tons of copper bars a year, in their om plantes or in those
of affiliated or associated enterpriees,

¥y Known as the "New deal for the copper industry®,
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10, The secondary enrichment of the sulphides has doubled the grade of the
ore, The secondary calcosite has been the ore which has been most exploited at
this deposit,

Rfo Blance

11, The deposit consists of a sclid orebody 530 metres long, 230 metres wide
and 410 metres deep, with 110,000 tons of ore of about 1.6 per cent grade. The
mineralization of the sulphides, which took place in various stages, consists
mainly of pyrites, calcopyrite and molybdenite,

Risputada de las Condes

12, This deposit corresponds to the west side of the mountains of the same
orebody as Rfo Blanco, about 1,500 metres west of it, 'ith some interruptions,
it extends over 11 kilometres in a north-south direction. The main body has a
length of 6CO metres, a width of 200 sand an unimown depth. The ore consists
mainly of pyrites, calcopyrite and some molybdenite and barite. The oxidized
zone is very thin, there being almost no secondary enrichment,

lantos Hlancos

13, This 1is a deposit characterized by scattered orebodies, over a total ares
of 2,400 metres by 750 metres. The dimensions of these orebodies vary between
360 and 200 metres in length and 120 to 90 metres in width, They are all over
90 metres in depth. Of these orebodies, only the largest is currently being
axploited, and it is estimated that its reserves are of about & million tons of
ore of 1.9 per cent copper. Mineralisation consists mainly of oxidised copper
ores, chrisocolla and stacaxite in the proportion of 2 to 1, wvhile sulphides are
very scarce in this formation,
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Annex 11

EXPLOIT/TIN OF ThE ANDACULLO DEPOSIT BY MEDIUM AND SMALL SCald MINING
CO.PANIES

ixisting situvstion
1, The Ancacollo derosit is located 50 kilometres south-eust of the city of

la Serena. The reserves are e-timnated at sozme 20 rmillion tons of sulphidez with
grades varying betveen 1.3 and 1.5 per cent having, in addition, sore pold and
molybdenum, This reserve will almost certainly be found to be larger than this
if the neighbouring areas are investirated.

24 The depcsit is divided among seven Ovnmers who lease small areas to a large
nunber of small mining companies, which pay rent either in cash or in copper,
The small rines work their plots through shafts which have to cross a stcrile
layer of abott 15 metres in thickness and then a similar layer of oxidized ore
which is not exploited. 4t 20 met.res! depth the sulphides are found which are
the b sis of the current exploit-tion. The perforations are usually made by hand,
two drillers usually working in one shaft at the saue time, excert in the few
cases where the company owns a con-ressor and does the drilling with compressed
air., Currently there are about 50 shafts in operation, totally separated one
from another,

3. The rate of extraction is of about 15 tons of ore a day rer shaft, the ore
being ground in Chilean mills, the capacity of which ranges between 10 and 15 tons
a day. In its most rudimentary form, the beneficiation plant consists of two
Chilean mills, four flotation cells and a water tank, The larger plants have a
crusher and several Chilean mills, Currently, there are about 4O of these
beneficiation plants operating.

' The work at Andacollo provides employment for some 1,500 persons, of whom

900 work at the mines, The average productivity per person employed is fairly
high, about 2 tons a day, and ie due to the geological char-cteristics of the
deposit end to the relative softness of the rock, This high productivity of
extraction, associated with the small distance separsting the mines from the
concentration plants, the availability of chesp pover supplied by ENAMI, and the
vicinity of the town, which makes mining camps unnecessary, results in high profite
for the mining company as well as for the owner of the deposit. In 1963 it wes




estimated that the profit for the company was 1,60 dollers per ton and for the
owner 0,65 dollars, Table A shows the main characteristics of the exploitation
of Andacollo.

Table A
CHILE: HOW THE ANDACOLLO D:POSIT IS REING EXPLOITLD »

Production of conceritrates 8 502 821 tons
Grade of concentrates 31.8 Cu, per cent
Fine copper produced in concentrates 2 704 tons
Precipitates 1 542 tons
Grade of precipitates 66,17 Cu, per cent
Fine copper produced in precipitates 1 020 tons
Value of the concentrate production Us$ 1 699 017
Value of the precipitate production " L7 465
Plants in operation 35
Employment: in mines 900 men

in plants 500 =

in transport 100 »

Soupce: ‘'"listado actual de la !inerfa en Andacollo®, Ing, Gastén Bustamante.
Mine.ales N°© 84, January-iarch 1964,

4/ The firures depict the situation in 1963. Currently, the type of organization
is the same, except that copper extraction is larger and so are the profits,
owing to the higher copper prices prevailing,

Coments on the working gt Apdacollo

5¢ The most economic exploitation of Andacollo would » undoubtedly, be open-
cast mining, This would not only permit the extraction of between 2,000 and
3,000 tons of ore which will otherwise be lost, but would prevent the present
loss of about 50 per cent of the reserves s due to the irrationality of the
present exploitation system. The opening of shafts by different entrepreneurs
means that they often overlap, that the pillars becone too wesk or do not
coincide with the placement of pillars in the neighbouring workings. Ths result
is frecuent collapses, which lead to the abandonment of the shafts hefore the
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eogloitable potential has been completely extracted and the opening of a new
shaft, ith the necess:ry chanre of winches, electric system, etc., without

count ing the risk this involves for the ien and the imnossibility of helping
them if there is a cave-in becsuse the chafts have no comunication with each

other, Iron this, a factor of instabllity :rises for the snall minirg

opcrations which is counon to all of this cetivity in the country.
6. On the other hand, the Larve number of small beneficiation plants (30 tons
a day on the average), creates ancther series of drawhacks, ir addition to

loaing the advantae of the econonies of scale which are inherent to larger
operations. This atomization of the units mazes an extended and complicated
electric power Zistribution network in.ispensable; the sane is true for the
provision of water, and there is finally, the c¢ifficulty of disposing of the
tailinrs in this crowded field. Incidentally, these carcy currently about
25 pcr cent of the copper contained in the ore.
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Annex III

DESCRIFTIQN OF LMFiu3A MINERA MXTOS BLANT Cele

e ects
1. The lantos Blancos deposit is located in the Atacama desert, some
48 kilametres from Aniofazssta., It has been known since 1912 tut a1l attempts
to exploit it failed until 1561, owing to the high chloride content of the ares,
from O.4 to 1.5 per cent C1, which makes the traditional beneficistion through
lixiviztion-electrolysis ipossible. It makes rrecipitation of the copper in
the form of copper chloride irdispensable. In 1952 the firm Mauricio Hochschild
initiated the studies of the deposit, installing a pilot plant of laboratorr
size, in which the processes currently vsed were developed, In 1952 it was
estimsted that preliminary rezearch had been completed, and about 11 million tons
of ore with a ristallic content of 1.9 per cent had been proven, The plant, which
was finished in 1960, had an investment cost of 10 million dolluors and in
Septenber 1962 it operated for the first time at full capacity: 1,650 tons p r
month,

Qre extraction

24 As is mentioned in annex I, the orebody consists of various nireralized
deposits. Currently only the largest, with total reserves of 8 million tons
and 1,9 per cent of copper is being exploited. 'etallurgical requirement s make
a very selcctive extiraction unavoidable in order to obtain a maxizmm rrade of
the ore and an adequate combination of dacite and andesite, as well as the
content of calcite, Exploitation is carrisd on in open-cast workings with

6 metre banks. The rock is extrenely hard and limits the number of
perforations which cen be made in each shift, Por the eplosion, the usual
mixture of smmonium nitrate is used, Twenty-five-ton lorrin carry the ore

to the crushers,

Srushing

3. The toughness of the dacite makes a very thorough grinding imperative in
order to reduce the particle size to less than 3/16 of an inch, while the usual
size lies between 1/2 and 3/4 of an inoh. The ore, which comes in sises up to
36 inches (0,91 metres) is erushed to o nud.n- of 4 inches (10 centimetres) in
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a grraotory crusher, The reed to blend the ores mokes selective crushing
necessary, handling serarately dacites and andesites, which are stockriled
esparately. To feed the secondary crushing syetem with adecuate proportions,
feeCers with adjustable =reed are used, The secondary crusher is a

Symon Shorthead of 5 1/2 feet (1.73 metres) working in closed circuit ard there
are 3 tertiary crushers of the same make, but with thinner plates, rlue screene,
The averare pgranulonetry of the cre passing to the lixiviation plart is the
followdng:

4 1/4n 12,2 per cert
# 3/16® 4.8 » ®
¥ 1/8» 1L.9 v o
# 35 ‘esh L213 " "
# 200 neeh 9.2 » ™
Under 200 mesh 7.6 @

Lixdviation

L. Transrort bands (60 centiretres wide) carry the ore from the cruehers to
the concrete lixiviition tanks with a capacity of 3,600 tons, They are about
6.2 square metres in area and 6 metres in depth while the filtering bottom is
wade of rerforited bourds covered with coconut matting, A distribution bhridze
distributes the ore in such a way as to enmure uniform porosity of the layers and
maxinum ef "iciency in the lixiviation throuph percolstion, About 97 per cent of
the copper is solutle in acid, thus permitting a recovery of over $0 per cent
with about 3.0 kilograrmes of sulrhuric and hydrochlerie acid,

5. The operation consists cf countercurrert lixiviation and waehing with
internittent advance, The lixiviation ore-astion takes on the average 4.5 days
for acid treatnent, 1.5 for washing and 2 more for charging, unloeding and
maintenance of the tanks, Prcm thie treatment derives the reed of ervehing to
very small sizes, With larcer particle size a much Jonger operation would be
necessary, combined vwith an increase of the consumption of acid, The recovery
of the corper in particles above 1/4%, would only be around 60 per cent, because
the acid doee not penetrate to depths below 1/16" during the timesran currently
euployed,




6. The linestone content is very high: one jer cent of cclcite, which aakes
the use of larrer amounts of acid imrerztive, whick hes the di sadvant s ‘e of
forming 002 cas, which fills the interstices of the ore layers, i~ ed ing vood
yereolstion, In addition, the movererts of the ras carry rarticles of ore dust,
To avoid these probleus, the first laver of cre is covered with an acid solution
which ;ercolates upwards from the Lottom of the tark ihen the rest of the ore ig
Flaced in it, In this way, canaiizaticn in the very fine ore is avoided and, at
the sate tine, 5 l:rre auiount of curbonic anhydride s forred at an initial
ceriod, when the ore bed is still low, thus reducing the obstruction of the
interstices,

7. In order to teparate the ore dust, the first 11 to 15 cubic netres of
overflow are sent to one of the tarks in the washing stape, During washing,
only downward rercolation is used, Thus, in this case, the ore .cts ag 3 filtepr
to retain the dust. The first cverflow conrists privarily of applomeration
water with a very small corper and scid concent, carrying instead a considerable
amount of ore dust, which facilit .t €s percolition in the itank contaj ning the
fresh ore and reduces the auantity of cCust carried to the storare tanks Freceding
the precipitation section, The Larresmated solution which leaves tie 'ixiviation
tanks and poes to the storage tanks, where it is left ¢ settle fop at least

6 hours, which permits serarition of the dust that still recains, .4 is them
passed on to the preciritation sta-e,

&cc;gitat;og and celeptatiop

e. This rrocees is ini*isted in 5 spruring towers, / retres in diameter and
17 metres high, The solution pisses “our times ‘nrcugh each one of the towers,
The ras, containing 1. per cent of sulphuric acid, moves in countereurrent to the
solution, thus forming CuCl, The precipitated CuCl is Pumped, topether with the
solution, to a Dorr thickener 10 meires in diameter and acid-proof, To avoid the
accumulation of CuCl in the thickener, the content of solid in the feed 1is
linited. The copper finee are pumped to g vashing and drying centrifuge, leaving
it with 4 per cent hunidity, The overflow of the thickener and the exhaust of

the centrifuge are sent to a refrigeration tower and from there, returned to the
lixiviating section,
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7. The second group, medium size mining enterprisee ocmposed of all enterprises
which do not produce more than 75,000 tons per year and obtain regular production
from known minee having modern grinding, concentration or lixiviation plants and
possibly smelters and refineries, and which are generally in a position to export
their own products. This group is rather heterogenous. In it we find enterprises
of considerable econamic strength, subsidiariee of large foreign companies, side
by side with more modest companiee which deliver part of their concentrates to the
Goverrment smelters,

8. The third group in which moet of the minee are to be found, includes all those
belonging to individuals and/or to enterprisee of a very smali financial capacity

and they produce small anounts of ore or concentrates which they sell either to private
ore-buying agents or to the oorresponding Government agenciee,

9. Table 2 ehows Chilean production of primary copper for selected years fram

1946 to 1969, broken down according to the degree of elaboration of the raw material,
It should be borne in mind that the initial figurs - 360 thousand tone in 1946 = does
not correspond to the maximum capacity of the industry at that time. Fram 1942 to
1945, the Chilean copper industry produced between 466 and 4L99 thousand tons per year
in order to aesist in the war sffort. However » a8 this production was obtained through
selective zining of the beet ores and through over-employment of the equipment, a
procedure which could not be sustained indefinitely, production fell to a level of

between 360 and 4LL thousand tone over the next few yeare.

10, It can be seen that of the 686 thousand tons produced in 1969, 58 per cent

wae refined in the country, while blister represented 36 per oent. This contraste
with the percentages for 1965, which were 49 and 46 per oent, respectively; these
figuree reflect the effecte of the goverrment policy of proceesing the copper in Chile,
ae far ae poseibls in order to increase the value added in the ecountry,

1, Expaneion of capacity in the big minee takes place in etagee of varying
importance, needing rathsr long preparation before maturing, with the result that the
expansione planned in this sector in 1964/67 will not show their full meaning until
197)/72. On the other hand, growth of production in the mall and medim mining sector
Proceeds by many small additione of facilitiee, so that these enterprises have gromn
at a steady rate during the last fifteen yeare, emcouraged by both the favourable
oorper pricee in the world market and the policy of the Govermment. The above ie
illustrated in table 3, in which the base year 1969 equals 100 for the indieee of
total production in the big mines, and of varicus typee of proesesing for the
aggregate of the mull and medium mining sectors.
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12, Table 3 shows that while production in the large mining sector grew by 22 per
cent between 1956 and 1969, that of the small and medium mining sectors rose by

330 per cent, This effort of the last sector, already impressive, will continue in
ths inmediate future, when new plans currently being exscuted, finally mature. On
the other hand, in addition to the growth of total production, the country has
benefited from a higher degree of beneficiation, Electrolytic refining started in
this sector in 1966 and reached its highest figure - 37,000 tons - in 1967; fire
refining began in 1961 with the smelting of copper which had previously been refined
through lixiviation, whils production of blister began in 1952 and reached its
maximum of 57 thousand tons in 1965, Exports of cements, concentrates and ores have
also been growing gradually, in spite of the fact that some of the exportable surplus
has been diverted, in the course of the years, to supply the small local smelters and
refineries with their raw material,

(a)  Evelutien of the world market prices

13, Ths growth of the medium and small mining sector could, in all probability, not
have been accomplished in spite of the Government's efforts, had it not been for the
favourable evolution of prices, which have been rising since the beginning of the
fifties, with only very few interruptions, as can be seen from table ie

lie The explanation for this rising trend is that, since the end of the war, copper
demand has grown at a cumulative anrual rate of 4.8 per cent, while production of
copper ores and of copper refined from scrap has increased at the rate of only 4.6 per
cent, In addition, copper demand and copper production are affected over the short
term by a series of factors causing fluctuations between periods in which the metal

is scarce and others in which there is a surplus supply.

15¢ On the supply side, availability of copper in the world market is affected by
numerous factors. Amongst them we may mention the long time which maturing of
investments takes, together with political factors, such as disputes between
neighbouring countries and, also labour problems, The latter two, besides reducing

the availability of copper, add as an sadditional factor atfecting prices, the
uncertainty they create, On the demand side, the main causes for the short term

changes are derived from the sensibility of the copper market, opposite the international
political conjuncture, as well as the economic situation within the main industrial
countries, which take a large share of world copper production,
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Table 3
ClILB: FLE COPPast PX:DUCTION DY SeCIViS, 198-1969

(Indices, 1909 » 100)
Year large mining Medium and small mining sector
sector
Electrolytic Fire Blister Cemamts, ores Total
refined & ooncentrates production
1969 ¥ (510.2) (4e6)  (271)  (bheb)  (W002) (146.6)
1968 9 100 100 95 84 9%
1967 99 107 )} a 7% 85
1966 100 58 L] 103 78 ”
1965 89 - 7 Do T £/
1964 98 - (4 8h [ 64
1963 9% - 68 © 10 64
1962 11 - 67 &9 57 5
196 % -e 39 % (¢ ] A3
1960 89 - - 58 68 37
1959 9 - o .- &S & 2
1958 78 -e -- &S 66 32
1957 [ ) - .o 3% n X
1956 [ -] - -- 35 75 X
195 67 .- -- - 2 1h

fourgess Yor 195 Direccién Genersl de Gstadistioa y Censos, Anuario de Minerts;
for the following years, Corporecién del Cobre, Chile, various publi~
cations, :

a/ Mgures in parentheses: thousands of metric tons of fine oopper,
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9. Cement:tion tskes place in two inclined drums, of 30 cubic metres

capacity, and two intermittent cementation tanks with air agitation, of 50 cubic
metres capacity. The averase time in the drums is 2.7 hours, and each drum Aandlse
265 cubic netres (70,000 gallons) a day. The tanks need between & and § hours

for their cycle,

10. The main impurities are stlphates and chlorides of irom, aluminiun,
magnesium and sodium, plus a certain amount of phosphates. The solution is

rivst treated with scrap iron to eliminate the copper, which yields dally

around 15 tons of cement with around 75 per cent copper,

Snelting

11, lantoe Flancos pelletizes its ore for smeltinc, The first step is to
grepare a blend of CuCl, line and copper. This blend is then relletized and

the pellets heated to 273°C in order to form 01612 and Cu0, Recovery of copper
rezches 95 per cent. In order to prepare a good hlend, the lime is ground to
under 100 mesh and the copper to less than €0 mesh, Both lime and copper are
added in excess of the theoretical need so as o ensure a maximum yield, The
blend currently used consists of 60 per cent of CuCl, 36 per cent of limestone
and 4 per cent of copper. The blend is ther taken to a pelletizing disc

3,7 metres in ciameter and 9 tons of blend per hour capacity. At this stage,
oxychloride of copper is formed, which sivet the pellets sufficient strencth to
resist further handling. ‘

12, The raw pellets pass to the dryer, 23 metres in length, with 12 fans through
which hot air is blown, The pellets remain for 20 minutes in the dryer on a
moving grid of steel bars, The maximum temperaturs of the dryer is 177° centrigrade,
Fram there ths rellets are taken to a storage bin, from which they proceed to a
weighing bin of 11 tons capacity, mounted on wheels, which feeds ths furnaces at
the rate of 8 tons of pellets every 30 minutes. The furnacee, designed by Lung,
are of the short rotary type and measure 3.4 metres in lémgth,.

13. Once the first load of 8 tons softens, reducing its volume (ths process
takes from 20 to 30 minutes), a second charge of 5 tons is added, This total of
13 tons of pellets contains about 4,5 tons of metallic copper and takss some

i hours to smelt, including the bleeding in two phases and the preparation of

the furnace for the next operation. The slag has a content of about 1 per cemt
copper and in order to raduce losses, part of it is lsft on top of ths copper, It
is serarated later in the refining furnaces. The melted copper is bled from under
the remaining slag,
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Smelting costs depend on the grade of the ore,

ENAD considers that
in their case they are of 17,5 dollars

per ton of 7 per cent ore, 13.3 for
9 per cent ore and only 9.7 doilars for 12 per cent ores, Refining costs

are considered to be constant on the cost structure as indicated in table 1
of the text.

PROMOTIONAL ACTIVITIES AND TZCHNICAL ASSISTANCE RENDERED BY THE
EMPRISA NACIONAL DE MINWRIA (ENAMI) TO THE MELIUM-
AND SHALL~-SCALE MINING INDUSTRY

ENA{I, which has been operating since 1927 under different names, has
two main functions: first, formulation and control of mining policies which
comprises promotion of modern methods for mining, beneficiation, amolting
and refining; technical and financial assistance to the netional minos;l'/
promoticn of production, concentration and industriulization of 411 types
of mineral sroducts, etc., and, secondly, technical activities which
corprise exploration, developmant, exploitation, benaficiation, smelting
and refining minerals s 88 wWell as oparation of luborutories necessury for
proiotion and development of sall-gcale mining, A considerable part of
ENAId's work is done through the Promotion Departinent (Fomento) whose basic
objective is to increase production and reduce costs at the mines. This
action is carried out by granting credits, technicul assistance and direct
services, such as buying the ore, concentrates or blister for their
subsequent beneficiation or direct export. Currently, FVAMI has sight
concentration plants in operation » two smelters, the refinery at Las Ventanas,
nine laocoratories as well as buying agencies in various mining districts,

The serviccs rendered by WA include items such as renting of road
building equipment, construction of roads, drainage systems, supply of
electric power, repair of Productive aquipment, chemical anulysis, exploratory
drilling and railway transportation, The limiting factor in this kind of
service has been FiAii's reduced equipment, considering the numerous demands
it has to satisfy. The repuir of equipment is carried out in mechanical shope
in two of WNAII'S concentration Plants, as well as at the smelter in Paipote

and three other independent locations close to important mining districts,

1/ National mines are those in which at least 75 per cent of capital, wages
and salaries correspond to Chileans,
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One of the main functions of flA-I is the purchase of the production of
small- and medium-scale aines. Currently, about 4O per cent of the total
production of this sactor is purchused by ENAI. A much snaller fraction
1s acquired by private ore-buyring agents while the larger part is dirasctly ,r
exported by medium-size enter;rises. The FiiAll investments in concentration
plants, suelters and rafinery during the period 1959-66 amounted to {
ol.5 million dollars. Total investment in the snelter and refinery at |
Las Ventunas during this period amounted to 52 million dollurs.

et e e o g

NEY COPPSt POLICY OF THE CHIALZAN SOVEHENFENT
The new Government installed in Novemoer 1964 fornwlated a new policy
for the copper industry. It took about two years to pass the necessary
legisletion through Congress and during that period objectivee 6 to 8, below,
were added. The total body of decisions can be summarized es followes
1. Increase in copper production to practically duglicate the 1964 figures.
This meant & production target of about 1.2 million tons of fine

COpjL@r per Yoar;

2. Participation of the Government in the ownarship of the mines through
purchase of shares; )

3. Integretion of the copper industry in the national economy, through
purcheee of the largeet possible proportion of their supplies in

the country;
b Refining of the largest possible preportion of the netal in the country;

e Active participaution of the Government in the marketing of copper
products, through the need of Goveornment approval of each sule;
6. Progremmes of infrastructure for the expansion plans, especially housing

for workers.
7. Expansion plan for the medium= and small-scale mining sectors, especially

through increase of ENAWL facilities, as shown in table &;
8, International action of the Government in the copper market, especially |
through an understanding with the other three copper-exporting countriess E
the Congo, Peru and Zambia to consult each other in matters of estabiishing

S —— e = e e
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prices, murket control, etc.;

9.  Nationalisstion of the copper industry. This meant that the foreign
enterprises which did not sell part of their etock to the Government
according to position 2 ubove, were compelled to do so by law.
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Table 4

WILEs EiAI 'S O BENKFLCLATION, SELLiG
AiD RUFINGG FACLLITIES

Type of installation Units Capacity Capucity
1964 1969

Concentration plants Annual capacity Tons of ore 2 776 000 8 736 000
Lixiviation plants " " LA - 40 500
Smeltars at Paipote

and Las Ventanas " " ® ¥ bligter 72 000 77 800
Elactrolytiec refining

at Lus Ventanas » c . " " copper - 8, 000g/

urces The President's Report to Congress, 21 May 1970, wol. II, pares 486
and 487,

&/ Expansion plans under wa; to increase it to 120,000 tons per year,

NE. SHALL=SCALE MINING DEVELOFPMTNT PLAN

While the above action has been under way, ZNAIL, together with various
other Govermment agencies has reached the conclusion that in various regions
of the country, additional promotion action can be undertaken. On the basig
of these studies, a new medium- and small-scale mining plan has been Prepared,
which will be executed between 1970 and 1973 and which will Yield in addition

45 thousand tons of copper a year, with an investment of 85 million dollars,
which have already been secured,

SUMMARY OF THE 1956 T0 1972 COPPEK DEVALOPMENT PLAN

The total tomnage of fine cwpper production expected from the 1966/70
Plan is summarized in table 5. ALl information availuble at this time
(August 1970) indicates that the 1970 target will be reached,and all steps
have been taken to Msure the same results in 1971 and 172,
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Table 5

CHILE: SUMAY OF THE COPPER INDUSTHY OEVELOPMENT PLANS
(Eregustion in thoussnds of matric tons)

Mine 1964 19%9 1970 1971 1972
Chuquicamata 288,0 283.0 278,0  354.0  354.0
El Salvador 76.7 7.0 95.0 100,0  100,0
Exética - - 36.0 102,0 102.0
Il Teniente 163.0 190.0 23.0 275.0 275.0
R{o Blanco - - 9.0 61.0 61.0
Sagasca - - - - 26,0
Mantos Blancos 25.0 30,0 30,0 30.0 1.0
Disputada Group 26,3 3445 0.3 W0.3 4.3
Caroliina de iiichilla - - - 3.0 6.2
s Africana 7.0 el 3.3 1.6 1.6
BAMI (purchased and processed
in ite own plants) 30,0 52.8 54.0 79.6 82.7
Other groups, including
private ore buyers 65 8.4 27.2 27.2 27.2
Totel g/ S35 GBa8 2859 20U AJQ

Source: The President's Report to Congrese, 21 May 1970, vol. II, page 483

s/ Small differencee with the official totals stem from approximation of
decimals and conversion of short into metric tons.
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delindng and casting

14, The two Mantos Blancos refining furnaces have a capacity of 27 tons, The
main impurities contained in the metal vhen entering the furnaces are: sulphur
(0.01 to 0,1 per cent) end iron (0.C03 to 0.1 per cent), which are eliminated
during the blowing and agitating process during refining. The fact that the
kilns are rotary with a good heat conduction permits this opecation to be
carried out at a fairly rood sreed, Blowing takes between 2 and 2 1/2 hours,
and apitating less, If the time necessary for casting, between 2 and 3 hours,
is added, the total operation takes about & hours, The copper lecaves the
furnaces throuch smell channels covered and protected by refractory material ’
down to the moulding spoon, Thus a refined copper with a conductivity of
between 100,5 and 101.5 P& cent is obtained, the copper having the following
final compositions

Cu 99.953 Zn traces
8 0,0016 0, 0.034
N 0.0013 Pe 0.0062
As 0.0006 S 0.0003
Bi traces P 0,0025
3¢ traces

Eroduction:
15. Annual production of fine copper in Mantos Blam os since the beginning of
operations in 1961, is shown in table Ae

Table 4
MANTOS BLANCOS: PINE COPPER FRODUCTION PER YEAR
(Matric tons)
1961 9 692 o/ 1966 24, 003
1962 16 235 )/ 1967 a 7
1963 18 257 1968 27 1
1964, a 309 1969 27 Lih

1965 20 371 g/

Source: Servicio de Minas dal Lstado, Ministerio de Minerts,

&/ The refined copper had 99.94 per cent of Cu, instead of the 99.9 of lster years.
3/ The refined copper had 99.95 per qent Cu,
s/ II:O .dditid: to the refined sopper, 3,125 tons were seld as precipitates and

as o
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16, Mantos Blancos has obtained a total of 9,1

million dollars in credits from

privats foreizmn institutions and international credit agencies. In additdonm,
has received 5.1 million dollars as cirect investment from abroad, thus making a
total of 14.2 million dollurs of foreign capital, as is shown in detail in

it

tahl' Bo
Table B
MANTOS BLANCOS: E{TERNAL FINANCING
Year Lending or investing Country of Avount in
institution origin dollars
Credits
American Overseas Finance Corp. US4, 2 000 000
Bank of America " 2 200 000
J. Hary Schroeder " 600 000
chendcal International Finance Corp. " 1 200 000
International Finance Corp, " 3 100 000
Porsign direct investmenk
1960  kmpresss Sudamericanss S.A, Panena & 000 000
1961  Bupresas Sudamcricanas A.h. " 1 130 000
Total 14 230 000

Sowrcets Banco Central de Chile,
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DZVELOPMINT OF COPPHR INDUSIRY
CAZT STULY OF CHILE

SUMMARY

1, 0 Vi [

The latest estimates indicate that reserves in Chile amount . to
59,500,000 tons of fine copper content, of which 55.5 million belong to
six individual mines of varying sizes and the other 4 million to a larpe
group of medium- and small-scale mines.

For the purposes of their legal and fiscal treatment, the enterprises
in the copper mining industry in Chile have been classified in three main
groups, according both to their output and the investment in them; large-
scale, medium-scale and small-scale mining industries. The large "mining"
group comprises all enterprises producing over 75,000 tons of copper a year;
the medium-size mining group is integrated by all enterprises which do not
exceed 75,000 tons per year, which obtain their production from known mines
and have modern grinding, concentration or lixiviation equipment and
possibly also smelters and refining plants. They are generally in a position
to export their own products. The third group, the small mining sector,
includes most of the mines exyloited in the country. They belong to individuals
or enterprises with very small financial power and sell their ore, or the
concentrate if they reach this stage of beneficiation, to private buying agents
or to the corresponding Government bodies.

Chile has been one of the world's large copper producers for more than a
century. Immediately after the war, capacity was about 400,000 tons of fine
metal. As a result of expaneion plans undertaken around 1952, capacity reached
between 520 and 660,000 tons in 1964/56. At that time, the Government decided
to carry out new expansions to raise capacity to about 1,2 million tons of
fine copper a year. llork on these expansions, which have been favourea by
the high copper prices prevalling, started in 1966, Together with increasing
the total output, the new plan contemplates an increase of beneficiation of
the metal in the country, so as to export the highest percentage possible in
the form of refined copper and thus increase the export value. Due to the
long time it takes for an expansion in the big mines to mature, the production
target will not be attained before 1972, but in 1970 already some of the
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results in the big mining sector will become apparent. On the other hand,

expansion at the medium- and small-scale mines lavel has proceeded fairly

ra;icly and will continue to do so during the next two years.

Table 1 shows the changes in overall production and in the productive
strcturs, shich hsve taken place during the last fourteen years. The rapid

growth of production in the mediume and small-scale mining sectors can be

seen, havinc raised extraction by 220 per cent and its participation in the

totai, from 7.3 to 21.5 per cent. Electrolytic refinery has risen by

115 per cent while production of blister has remained practically constant

and fire-refined copper has dropped sligntly, due to the growing price
disadvanta:e which this produce meets in the world market.

Table 1
CHILE: COPPia. PRUDUCTIVL AllD STRUCTURE OF THE INDUSTRY
(Metric tons and percentazes)

Type of copper produced

and sector of the 1956 1961 1966 1967 1968 1969

industry concerned

Large-scale mining . .

production L43 673 481 138 540 bk 536 401 519 264 540 206

Jedium and small-scale

mining production L5 503 66 601 120 920 124 387 137 609 46 621
Total production 489 176 547 739 e51 864, 660 788 656 873 686 827

—— = Z=mms es ee - ———

Percentage of medium-

and small-scale mining

production 903 12:2 1803 18.8 21.9 21u5

Type of products

sxeorted

Electrolﬁic rafmd 28.6 28.0 39.8 39.5 w.s “’00

Pire X‘efined 200’6 13.3 1‘0-8 13.8 BO‘G uboo

Blister Mo’? 55-0 ‘0005 LZ.U ‘02.0 3600

Ores, cemeuts, etc. 6.3 3.7 4e9 L7 bel 6.0
Total 190,0 300,0  290.,Q 100,0  100,0  100,0

Source: Development of Copper Industrys Case study of Chile, various tables.
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As statad before, the rise of the world Copper prices represented
an additional incentive for the expansion of the medium~ and small-scale
mining industry in Chile. 1In fuet, world nurket prices fluctuuted between
30 and 32 American cents per pound from 1957 to 1955 and then rose abructly
to figures over 50 cents in 1448 and over 50 cents in 1969, Tnis is because
since tne war and until 1,68, co.per desand roge at a cwaulative rate of
4.8 per cent while producticn of virgin coppar and scrap did so only by a
cunulative rate of 4.6 per cent. iany are the factors affecting copper
crices in tha vworld uwrket and their analysis would have no place in this
Faper. It suould be noted that until 19-0, the big Chilean copper :ines
sold their copper at the Erice ectablished by the large American producers,
while some coppsr was being soid since 1955 through the London ifatals
Ixchange, where :rices were much higher but only for marginal quantities,
In 1967, Chile, as well as the Congo, Peru and Zambia, decided to sell
their cop,.er at the London quotations, with which these fell to figures
varring only around 3 cents per pound from the New York figures, these three
cents representing the cost of shipment of copper from one market to the other,

2. Zstimatod cppgcity of refineri nelters and
) tio ts in 1908

In 1508 it ..as possible to concentrate 45.8 million tons of nre & year
by flotation and .4.. million tons by lixiviation. Of these figures, the
share of the big mining companies was 87.0 and ;0.3 par cent. The balance
corresponds to the medium mining sector, including a total capacity of
622,000 tons in the Government-owned plents, The smelters are seven, three
of them beiong to the big mining sector with an aggregate capacity of
470,000 tons of the blister, and the mediun-size mines have four suelters,
two belonging to the Government with a total of 49,000 and two to private
enterprises with 18,000 tons capacity, Electrolytic refining cupacity is
312,000 tons, 84,000 belonging to the Government plant at Las Ventanas.
Fire refining capacity is 200,000 tons, 180,000 to the big mine El Teniente
and 20,000 to the medium mine Muntos Blancos,

3. C i try

It is not possible to obtain accurate figures showing the investment in
the copper industry before 1964/66. There is only access to the figures in a
register kept at ths Central Bank for the purpose of pemmitting withdrawal of
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the capital or interests in foreign exchange, Between 1954 and 1964, the
amounts registered were <50.7 miilion by the big mining sector and

143.4 million in the medium and small mining sectcrs, of which .50 million
were investments in tine Government's INAML smaelter, refineries and
concentration plants.

L of ¢ hi

In 1966, the Chilean manufacturing industry employed 39,700 tons
of refined copper, of which it exported 29,000 tons as copper nanufactures,
While 359,199 tons of Chilean electrolytic copper were sold on the world
markets, only 206,715 had actuaily been refined in the country, the
difference stemming from blister which was refined abroad at the expense
of the Chilean mining industry. In addition, 71,278 tons of fire-refined
copper reachec the world murkets and 45,609 tons of blister as such were
sold to refineries in the United Kingdom, Germany and Sweden,

#RIIF DESCRIPTION OF THE CAIL¥AN COPPER
AINING INDUSTRY IN 1364/66

The installed capacity in 1904/66 by sectors and individual mines
can be seen in table 2,

Table 2

CHILE: INSTALLED CAPACITY FOR PRIMaRY COPPTR PRODUCTION 1968

(Thoussnds of metric tons Der Year)

Description Bllster ﬁro— Tlectro- ftﬁom%

refined lytic

otgl 1
9 470 180 L8 410 2.0

Chuquicamata 190 - 196 18 250 21 900
£l Salvador & Potrerillos 100 - 32 9 750 -
El Teniente 180 180 - 18 10 -

[¢) -
% 81 -] % a8 £.d2h
Private enterprises 18 20 - 5 419 2 31§
Government ENAMI facilities 49 - a, 208 336

Source: Servicio de iinas del Estado - Ministry of lines, Chile
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1, The larrre-gcale minine gector

Chuguicamata is supposed to be one of the world's largest copper
deposits. At the surface there are oxidised ores which are obtained from
open-cast mines and traated throueh lixjviation,and below them there is a
large sulphide ore deposit which is extracted through deep snafts. It was
estimated thut total investments in 1955 amounted to 242 million dollars and

that, based on the law of that year, additional investments of about
100 2illion were made vefore 196¢.

The Potrerillos deyosit which containsd both sulphides as well as
oxides has been exhausted and the compuny opeied the new mine at El Salvador,
56 kilonetres from Polrerilios, where ocneficiation and refining of the copper
of the new mine is carried out. 1In 1955 it was estimated that investments in
Potrarillos amounted to some v6 million dollars ancd in the next few Years,
an additional 107 million were invested to open the El Salvador liine. The
electrolytic refinery was installed after 1962, and called for an investment
of 10,7 million dollars,

El Teniente is supposed to be the largest underground mine in the world,
The installations are distributed along the slope of the Andes,~ the mine
and concentration plant at Sewell (2,800 metres high), the smelter .,
Caletones (1,500 metres high) and lower down the hydroelectric power olantg;
while in the city of Rancagua are the administration, repair shivp and other
supporting services, In 1955 it .as estimuted that investments reached
83 miitlion dollars. Betwsen 1955 and 1;66 another 48 million were invested,

<. e m - l-scal i:¢ gec

As there are no separate official statistics for these two sectors
of the industry, they #ill now be consicered together., The group can be
divided in two parts: on one hand, that which consists of enterprises of a
certain size, which in some instances carry their operutions as far as
refining, and on the other, the very small minas whose sales of either ore
or concentrates depend on the purchases of ENAMI or of gome private ore-
buring agencies. These two sectors, as stated before, huve shown the fastest
production growth during the period 1906/69,
Some of the larger mines of this sector &re quite efficient and modern,
48 can be seen from the description of Mantos Blancos mine presented in annex III.
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On the other hand, the bulk of the enterprises je very small, In 1963 some
3,4NC snsell mines produced altosetner 6,391 tons of copper, or anh averaze of
1,87 tons per yaar per 1ine. DBetween the two extremes, there were in that
year 142 minas ogp@rating in sizes from 30 to 250 tons per year with an
average procuction of 25,5 tons of metal per mine.

The Chilean mining code does not leac to an efficient utilization of
some of the known copper reserves. In fact, property of some big deposits
is dividec awiong several owners who lease their rights, in small ;lots, to
sraull miners who nine selectively the best ores, thus leaving a considerable
part of the copger resources in the ground. The case is illustrated by the
descrigtion of ona of the worst cases, the Andacollo deposit, in annex II.

3, Tixtraction costs in the mediun- d -
mdning gectory

No theoretical work has oeen done to investigate the effect of the
economies of scale on copper extraction costs, but in 1963, ENAML, using
several ‘housand data referring to gpecific operations, vas able to arrive
at the figures given in table 3, From them it can be seen that in the case
of sulphide ores, generally mined underground, the cost of extraction drops
from o .7C per ton which prevails in operations with an output under 1,000
tons of ore a year to 4.75 dollars, when capacity increases to 12,000 tons.
In the case of oxidised ores, lying closer to the surface, the importance of
the econonies of scale is even larger, the cost dropping from 9.10 dollars
per ton to 4.72 when output grows from 1,000 to 6,000 tons a year. Direct
amelting ores are extracted in small, highly selective mining operations,
which ex;lains the high costs shown in the table.

Table 3

ORZ COST AT THE BENZFICIATION PLANT IN KEDIUM AND
Si{ALL~SCALE COPPzR MINING

(Rolkars per ton of ore)

Annual ore capacity Under Above :
in metric tons 300 t. 300 t. 1,000 3,000 6,000 12,000 24,000 48,000

¢

ect smelting ores 41.75 33.75 - - - - - -
Concentration oree - - 9.70 6,75 5.84 b T5 L.68 k.60
Lixiviation oree - - 9.10 5,63 4.2 3.84 3.7 -

e e ot

o

Source: "NAMI, dirmct information for FCIA,






