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O . INTRODUCTION

0 .1.Scope of work

As much as possible the analysis of the present status of
Portuguese non-ferrous (NF) metals industries wil! ke undertaken
in agreement with the document "Study of the Non-. errous Metals
Industries; Objectives, Methodology and Terms of Reference®, by
Mr. Cristian GILLEN, issued by UNIDO/Negotiations Crcnch, in
April 1985.

According to previous UNIDC methodology (85)%, following
metals are to be examined in each appropriate section, although
for some of them (vg. nickel) primary and secondary activities in
Portugal are negligible:

- aluminium
- copper
nickel
lead

- zinc

- tin

However, special references will also be made to the complex
polymetalic sulphides, important potential source of basic NP
metals (vg. copper, zinc and lead) as well as of precious metals
(silver and in a lesser degree gold) and other elements . These
ores are typically present in the "Iberian Pyrite Belt" as an
"outstanding geochemical anomaly (...) forming several lenses or
bodies of massive sulphides which are estimated to have totalled
in excess of 1000 million tonnes (...) and in which current imown
resovrces and reserves exceed 650 million tonnes, about 40% of
them in the Portugvese part of the Belt’ - what is considered to
be "the main stock of base metals and the largest mining district
ottwestcrn Evrope”

2 The relative position of metals was somewhat changed
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0.2.A brief comment on_ the Portugrese non-ferrous metals sectar

Some recent studies prepared by Governmental Departments
related with non-ferrous metals industries (7, 48, 49, 50) refer a
somevhat broader concept for Portuguese non-ferrous metal sector,
also including in it following two elements:

- metallic silicium
- tungsten (wolfram)

for which Portugal is a net exporter.

If these two positive contributions attenuate somewhat Portuguese
trade balance in terms of non-ferrous metals the fact is that lame
deficits are sistematically found; for the period 1980 to 1983
feporting only primary metals and "semis”, except for tungsten)refer
to the figures of the table next page.

This table can base some immediate conclusions:

- the deficits of Portuguese trade of non-ferrous metals and
"semis” show a progressive gravation for the period 1980 to 1983
with average annual increases in the range of 14 to 16 pct;

~ final deficitrepresents abt 70 tc 80 pct of the negative
(import) contributions made up by 5 common metals (aluminivm,
copper, lead, zinc and tin):

- these important contributiors are particularly relevant for
aluvminium and copper imports, that rouvghly correspond to abt 50
pct and 35 pct of the negative contributions of the five metals:

- the only positive contributions are dve to silicivm and
tungsten exports (some meaningful foreign participations gjke
place in representative companies for these two productions: in
tungsten, the important Anglo-American Corporation as final
holder of Beralt for Panasqueira mines - See ymier tin item U.S.A.
in silica the Pechiney direct participation in the electrical




TABLE 11 Portugvese trade balan

(1980 to 1983)

ces for NF - matals

1980 1981 1982 1983
1 B 1 B B ) ¢ - 3 ) § B

AMominiom =4,631 + 342 -4,289 -6,120 + 297 -$,023 -6,982 +443 -=6,539 -9 727 +849 -8,878
Copper -3,53¢ ¢+« 17 «3,361 «3,582 + 182 <=3,400 -4,027 +345 3,982 -5,632 +259 ~5,2"3
Lead - 959 + S - 954 =~ 942 + 26 - 916 n.a. n.a.
2inc - 822 + L - 821 -~ 796 ¢ T - 789 -~ 942 +12 -~ 930 1,116 + 3 -1.,11)
Tin - 524 ¢ 9 - S1% -~ 397 + - = 439 n.a. n.a.

=9,940 A1, 387 a5, -15,364¢2)
tongstenille 3 41,632 +1,629 - 11 +1827 +1,016 n.a. - 342 4L65D 41,327
Silicivm - +1,204 ¢1,204 - + 644 ¢+ 644 - +790 + 790 +947 ¢+ 943

22,833 +2,460 + 790! +2,270
Total -7.107 -8,927 -10,361'4) 13,094 (2
Sources: (48,50)
E= export (positive sign) (1) including concentrates
1a jmport (negative sign) (2) not including lead and tin
B= balance(+=aurplus; -=deficit) (3) not including tungsten
Value in IOGPTB (4) not including lead, tin and tungsten
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furnaces of Setubal, operated by Eurominas):

- the relevance of the rnegative (import) contributions of the
S metals (3 in 1982 can be demonstrated by its proportion to the
valve of overall Portuguese mining production in same years:

in 1980. 114 pct (5 metals)
in 1981 101 pct (5 metals)
in 1982 84 pct (3 metals)

i.e. even with a significative increase of the production valve
for the total Portuguese extractive industries, the imports of non-
-ferrous metals may get very close to aa equivalent amount.

This sitvation, naturally also emphasized in other studies
(43, 86, 87),can be well precised by this quotation from LOPES in
one of those references (43):

"Portugal has been almost entirely depending from abroad in
vhat concems respective supply of non-ferrous metals. A so
dangerous situvation, unavoidable for the present context of the
(Portuguese) mining industry, may result structurally changed if
some potential developments with relevant dimension get to be
realized for the exploitation ofdomestic mining reserves and the
processing in them of recoverable resources”.

0.3.The Portuguvese non-ferrous mining s=ctor

If metal imports almost equal in value the current overall
mining output of Portugal, the establishment of today's positions
for the non=-ferrous metals mining sector relative to the overall
mining sector may also be of interest.

Corresponding figures for the year 1974 and the period 1979/
/1982 (7) are given herunder.

-
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Table II: Overall and FF metals mining sector
Relevant data for Portugal (1974-1982)

T 1974 1979 1230 a8y 1982
Mining ocutput (thovusand tonnes) 30, 583
extractive industry 20,583 37,498 40,455 40,552 40, 489
non ferrovs ntala’ [} 7 8 ? 7
Mining ovtput. (10°pTE)
- extractive indusery 2,004 6,822 . B8.692 1.,37 13,203
non ferrous metals” S13 1,687 1,976 2.087 2,234
»~ Ratio °gross added value/gross
product value® (pet)
extractive indusery 96.3 84.3 83.8 80.4
non ferrous metals™ 92.4 9.2 09.6 8s.c
Dwployment extractive induscries
wvhite collars 1.333 1,244 1,258 1.323 1,347
miners & vorkers 15,153 15,753 16.174 16,280 15,528
pet in non ferrouvs mecals” 21 17.9 17.1 17.8 19.6
Aversm= monthly wages, PTE/worker
extractive industry 10.608 13,215 16.960 21,450
non ferrous metals™ 13,820 20,004 24,243 30,097
Economical productivity, 103?1'31
/worker consctant prices 1979
extractive industry 346.5 320.9 332.4 3ll.s
non ferrous metals® 512.9 460.4 368.3 284.7

Sovrcesz(7)

A decomgposition of production figures may be helpful to
discriminate relative contributions (7):; see Table , next page.

These figures demonstrate a relatively discrete position of
today's extzactive industry when related to the overall industrial
figures of Portugal: as a matter of fact the cutput of the total
extractive industries only accounts for 0.89 pct of the Gross
National Product (at the cost of factors) in 1981, For same year
1981, the output of non-ferrous metal ores and pyrites mined in

- Portugal accounts for abt 0.l19 pct the Gross National Product.

- However these relatively‘small contributions have to be
considezred with a certain care. As a matter of fact similar figures
availabe for Spain, P.R. Germany and USA also point to relatively.

small catics, ia tha.zange f 1.C pct foo tha f£irst two countriesand

x excluding complex pyrites




Table J1II: .
Production of non ferrous metal ores, tonnes (IOGPTB)

Portugal, 1974 and 1976 to 1982
1974 1979 1980 1981 1982
L

Beriliuvm 15(0.12) 12(0.15) 20(0.32) 18(0.33) 12(0.87)
Copper 2,460(19.9) 2,103(48.0) 3,007(24.7) 2,437(33.1) 2,002(45.2)
Tin 606(85.5) 346(173.2) 421(229.3) 506(299.3) 585(403.6)
Manganese 21(0.11) - - - - L
Molybdenium 0.4(0.02) 0.4(0.20) - - - ';’
Tantalum and miobium 9(1.74) 3(5.78) 4(11.27) 9(14.60) 6(10.93)
Gold and Silver 2,266(51.6) 1,751(301.7) 1,134(294.1) 1,123(232.1) 1,058(274.9)
Titanivm 274(0.04) 390(0.06) 384(0.06) 400(0.06) 585(0.09)
Tungsten 2,483(354.0) 2,348(1,158.4) 2,670(1,416.1) 2,365(1,502.6) 2,300(1,498.2)
Production of Pyritesé 510,573(162,7) 349,172(277,6 382,171(355.5) 286,622(307.3)

262,142(404.6)
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slighty above 1,5 pct for the U.S.A. (45). Second they only
refer to extraction levels and thereforedo not represent the
apparert consumption ores as well as non-ferrous metals: as already
mentioned the contribution of the metals is itself ir the range

of the overall mineral industry.

Third, the statistical ground in which some of these figures
are based asks for several remarks and justifies certain reserves

as later will be emphasized.

And a fourth and very important factor if the importance of
the processing industries based in these raw materials is
considered in addition to respective mining activities, therefore
a much larger significative amount of Portugvese industrial
prodvct is interested by corresponding overall operations (86,87).
This txings to the essential problem of mineral raw material
supplies being Portugal strongly dependent pon external sources
of raw materials even when still prevailing the low "per-capita®
consumptions that characterize Portuguvese industrial economy
today. Any expected development in industrial consumptions will,
therefore, result in an increase of dependence if no internal
productiomsor recycling are meanwhile increased.

In a recent communication, when reporting to “raw-materials’
of close mineral origin®(see item 0.4) it was concluded that

respective consumer sectors correspond in 1981 to abt (not
including oil refining) (69):

13.3 pct of overall industrial establishments,
16.7 pct of overall employment,

22.8 pct of gross production valve,

16.4 pct of gross added valve.

Although these figures refer to sectors consuming all kinds
of mineral rav materialsunde consideration, it may be concluded
that for the non-ferrous metals similar "multiplicative”
coefficients, may result, and therefors underline respective
interust for Portuguese industrial economy.
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Besides the developments that may sahe place in Portugal
regarding the mining production of non-ferrous metal ores are
perhapsthe most representative for the ovtlook of mining industries
and may immediately increase the importance of respective sector.

0.4.Steiistical problems

When studying the problems of raw materials and raw material
supplies several difficulties may be found in correction to present
Portuguese statistical structure.

Relevant statistical data may be collected from several sovrces

namely:

- the national statistical reports for Industry issved by the
Instituto Nacional de Estatistica in Lisbon, in two volumes (1lst
volume: extractive industries, 24 volume: processing industries),
as well the External Trade Statistics:

-~ the official reports of the Direcgao Geral de Geologia e Minas,
refering to mines and published in Boletim de Minas:

- the sectorial studies of the Direcgao Geral da Industria:

- Some vnofficial data published by Banks (in monographic studies),
industrial organizations, etc.

The main difficulty of these stati “tics, besides a certain delay, .
is that they do rotcover vniformly all possible interesting flow, xingimg
relatively low help when establishing an overall metal balance for
a case-metal (vg in evalvating secundary sources, establishing
specific relations, defining recyclirg and . intercomnecting amounts).
A certain progress could be made if, for instance, esome integrated
criteria vsed in well-known and experienced external sources, such
as the USBM Mineral Yearbook ozreven in bublications issved by
certain metallurgical corporations (vg.90) could provide the
regular establishent of yearly balances specially for non-ferrous
or ferrous metals .
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— However, for some substances other than non-ferrous metals,
statistical problems may even show themselves harder to solve.

This situvation is not at all simplified by the imperfect
dichotomy prevailing in the splitting of Portuguese industrial
activies by the respective administrative avthorities, although
both generally placed vunder the same Ministery (but for severa
times under differen. Vice-Ministers) thus:

- dichotomy, because extractive industries (and some primary
smelting placed nearby the mihes) are supervised by a different
"Direcgao Geral" (General Directorate- )than Processing industries
(including a great part of other primary smelters.

~ imperfect, because two primary smelters of same kind may
found themselves under different General Directorates if, for
instance, one of them belongs to a mining company anrd, being in
direct connection with the mine, may be called "mining
appartenances”, beiag the other not in such conditions.

- however, external trade is under a different General
Directorate, etc.

To overcome as much as possible those difficulties and trying
to get solutions for the problem of establishing balances and
matrix relationships when working with available statistics,
several recent texts (43, 86, 87, 88, 89) proposed identification
concepts broader than those currently used in mine statistics and
hence making an access towards the more sophisticated concepts of
classification and evalvation of dependence and criticaly in raw
materials supplies. Examples of these concepts are the "product
with mineral base called by LOPES (43), the "raw material with
close mineral origin (except fuel)” mentioned by SILVA (86, 89),
etc. Although the relevant progress made by some of these works
and by studies carried out under the Portvguese Mining Plan
("Plano Mineiro Nacional”), the problem of effective raw material
balances and regular revision is still far from being reasonably
solved.
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Based in own criteria, LOPES,

Pros ts
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in 1981,

the non-ferrous metal sectors

established forecasts

for .mining products, therefor including provisions for non-

-ferrous metal consumptions (43): these are hereunder compareg -
with primary consumption figures from the Annuaire Minemenet 1982

for the year 1982 (90) as well as from other sources g:oted in this

work
TableIV: NF consumption figures for Portugal_
(tonnes)
year: 1982
Drimary
consumption yearly
Annvaire Other ©e: year increases
Minenet (90) 3ources 2C00 tonnes pct
Copper 14,200  abt 35,0001 40,000 4.0
Lead 18,000 abt 18,000 25,000 2,5
Zinc 16,0C0 abt 17,000 35,0c0 4.5
Tin 400 abt  900!?) 1,100 0.6
Aluminium 25,500 abt 30,000 100,000 5.0

souzces: see akbcve
Specifically for copper, forecasts also established and quoted
in item 2.2.1 of this study, point out three possible forecast
scenarios:

Table v: Porecast figures for copper (Portugal)

forecast, tonnes/year (final level)

optimistic intermediate pessimistic
1986/199%0 34,000 32,000 28,000
1921/2000 69,000 50, 000 43,000

(1) first processing and semis for wrough copper= 16,000 tonnes

(2) tin is perhaps the major discrepance of both sources, that
surely exclude imported metal tin




-l7 -

COSTA (87) replacing term forecasts by an estimate of camand
if Portuguese "per capita® consumption approached those of the EEC
countries, gave following resuvlts:

Table VI: Estimate of "equivalent to EEC"consumptinns

Portugal
domestic external coefficient average
production  supply of consumption
tonnes tonnes dependence equivalent ratio
pct to EBE-2
per-capita
(1981) (1981) (1981) tonnes/year
(A) (B) . (c) c/(A+B)
Copper 2,900 25,000 90 100,000 2.15
Alvminium - 54,000 100 170,000 3.15
Zinc - 13,500 1001) 60, 000 4.44
Tin 350 560 56 62,700 2.97

Source: (87)
All these figures suggest a reasonable potential increase of
the non-ferrous metals demand in Portugal, requiring a careful
examination of availability and vse of materials - as well as for
Portuguese primary developments. Pactors as the recent adhesion
of Portugal to the EEC also may bring consequences to this
evolution. ’

~ Listing potential primary (mining) production, REIS et al
(45), in 1984, have adressed yp a table of production profiles
given hereunder with some slight modifications:

(1) eircunstance changed next year with tha2 cnset cf Quimigal
production
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Table VII:
Potential NF primary (mining) productions in Portugal

Present potential

futvre potential

tonnes va%ue tonnes value
10" PTE 1C°PTE
(1983 (1983
valves) valves)
(b)
Quimigal 1,500 300
Aljustrel 5,000 _ 1,000
Neves-Corvo 75.000-100,000'?)  15,000-20, 000
1,500 300  80,500-91,500 16,000-11, 000
Zince
Quimigal 10,000 1,500'P)
Aljustrel 14,000 2,000
Neves-Corvo 50, 000 7,000
10,000 1,500 64,000 9,000
Lead
Aljustrel 3, 500 200
Neves-Corvo 10,000 600
- - 13,500 8C.
Tin
Panasqueira et d 250 300
Neves-Corvo to consider(a) to consider(a’
Argimela(4s) (S 2,000-3, 000 2,400-3, 600
246 300 2,000-3,000 2,400-3,600
+Neves-Corvo +Neves-Corvo .

{a) Quantity difficult to forecast duve to its nature
(b) Aesumed 0fworking in future periods with generaled potential

(c) tncluced in the te t of REIS et al (45) but not in the origimbal
table. in which remains here

(d) Increase according to more recent figures

included




I.e. for the majority of metals under study (except for
abminivm and nickel, in which Portugal has no resouxe a very
sensible increase is to fore ssen, multiplying by factor of 14-15
preent outputs. Fore seen requirements in these product, covld

also result duply.

In the light of these possible improvements,a revision of
tables already present shows a rather different situation:

Table VIIT: Potential NF primary (mining) produvctions and
progpectives in Portugal

coeficiente consumption production coeficiente coef.

of forecast potential of net
dependence theoretical exporting
dependence capacity
(1981) A B (A-B}/A _(B-A)/B
pct pct pct
Copper 90 50,000 81, 500-100,000 o 39-50 .
Aluminivm 100 100,000 - 100 (o]
zinc 1002 35,000 64,000 o 45
Tin 56 1,100 2,000~3,000 o 45-63
Lead 100 25,000 13,500 46 (o)
Sovrce COSTA(87) LOPES(43) prior table.
increased '
for copper
(53)

As a conclusion to this table: developments under consideration
by the mining industry in Portugal albeit only represented by
three major projects:

- Neves-Corvo (Cu, Zn, Pb, Sn, Ag)
- Al:'ustrel (Cu. Zn, Pb, M)
- Argimela (Sn),

(a) to decrease in following year by the onset of Quimigal operation
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may represent a very sharp changement of pressnt Portuguese dependence

in non-ferrous metals. Not only Portuguese dependence coefficients

may show a quite different pattern (only remaining unchanged the

100 pct dependence on aluminium), but also Portugal may be a net
exporter of copper, zinc and tin (besides present export position

in tungsten and vranium), raw materials in which, for instance, EEC ..
countries are net importers.

The development of Neves-Corvo and Aljustrel projects also will
provide to Portugal an extra availability of sulphur sources (as
pyrite and other sulphides):
casidering the present interest on solphur/sulphuric acid and the
geographical location of Portugal in relation with potential
consyming centers, this fact is also to emphasize.

0.6.Brief notice about locations in Portugal

To awoid a frequent reproduction of maps a single geographical
map with the placement of “concelhos® is given in next page,
"Concelho” is in the Portuguese administrative system the immediate
territorial division under the district and may be accepted as
reasonably suvited for location purpose.

Therefore after first detailed mention in the text of each
location respective “"concelho” will also be entered as well as
corresponding district, for the sake of an easiar retrieval. In the
map of next page the head and denomination of each district are
denoted by an external circle and bigger capital letters.

Assuming the country divided in three parts of approximatively
equal lenght, following distribution of districts is met:

North Portugal: viana do Castelo, Braganga, Braga, Vila Real,
Porto, Aveiro, Viseu, Guarda.
Central Portvgal:Coimbra, Leiria, Castelo Branco, Santarém,
Portalegre, Lisboa.
South Portugal: Setubal, Bvora, Beja, Paro.
(this distribution has no administrative meening).
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1.EXPLOITED MINES

1l.1. Aluminium

No mines of common aluminium ores are registered in Portugal
and not even significative occurrences or prospects may be

reported for them.

However Portugal is rich in alumino-siliceous minerals, svch
as kaolin, elaysand nephelines, whose vtilisation for the obtentim
of basic aluminivm chemicals (and even metallic aluminam) has been
studied. Particular focusing was made vpon the nephelinic sienites
from Monchique area (in Monchique South Portugal), with features
that Suggested nepheline processing for alumina, soda ash and
Portland cement (2).

The energy-intensive characteristic of required processes, the
cumbersome amounts of by-products generated by some of them and
the value granted by alternative and simpler uses of raw materials
(from ceramic industry to decorative rocks) left these studies
without any practical realization.

1.2. Copper

1.2.1. Copper ores and complex sulphides

The discussion of Portuguese copper resovrces iequires the
direct connection of most of them to the cmplex sulphides of the
Iberian Pyrite Belt. As a matter of fact the traditional copper
production both in Portugal and Spain during or befors the 19th
century was based in great mining centers such as Rio Tinto and
Tharsis, in Spain, and S.Domingos and Aljustrel, in Portugal,
amongstothers, all of them located within that metalls genetic
province (3,4,5,6).

This situation is still valid today for Portugal, since only
small amounts of copper concentrates are obtaiped in centers out
of the Pyrite Belt, as by-produvcts of tin and tungsten mining,
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such as Panasqueira and Borralha (see 1.2.2 ).

Besides, some of the references currently made for "copper
mines” in Southern Portugal are connected to copper-enriched near
surface sulphidic or e¢xydized occurences near or into the Yyrite
Bait, such as Mjaris, Migwel Vacaa, Carrvo das fFerrarias and, rore
recently, to the rich but despnew svlphide finding of Neves-Corvo
that also includes significative amounts of complex pyrites.

However, and for the sake of a systematical approach,
descriptions to be made under this item will include ccmplex
pyrite mines even when the use of its products has as primary current
adress the industry of sulphuric acid.

Thus following descriptive sequence will be tbserved:

i - copper concentrates producticn in Portugal outside the
Pyrite Belt (item 1.2.2.)

ii - mining activities in the Portuguese part of the Iberian
Pyrite Belt:

a. smaller copper mines (item 1.2.3.)
b. complex pyrite mining (item 1.2.4.)
c. the Neves-Corvo mining project (item 1.2.5)

1.2.2. Coper concentrates production in Portugal outside the
"Pyr 'te Belt".

As already menticned this small production is restricted to
copper-containing by-products of tin and tungsten mining and
confined to the mining centres of Borralha (in Montalegre and
Vieira do Minho,respectiwelvdistricts of Vila Real and Braga)
and Panasqueira (in Covilh3, Fundao, in Castelo Branco district
and Pampilhosa da Serra, in Coimbra district, see 1.6).

Following data describe respective activity for the l10~-years
period from 1975 to 1984:
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I. Production figures (combined output of both mines):

Table IX:
Production of copper concentrates in Borralha and Panasqueira mines

total total total

Year concentrates copper - value
_produced contained {current)

tonnes™® h tonnes copper ].O3c=].061"1.'E’x
197S 1397 283.0 8.00
1976 1761 386.6 13.05
1977 1432 330.0 7.75
1978 1370 327.0 10.12
1979 2103 508.2 48.04
1980 3007 743.0 24.66
1981 2437 555.2 33.10
1982 2002 451.1 45.22
1983 1735 375.1 39.01
1984 1654 370.9 34.20

Source: (7)
The major part of this production (abt 90 pct in copper contai-ed
and 96 pct in value) corre:ponds to the Panasqueira mine.

I1. Typical m:lysis of cbtained concantrates
Panasqueira mines produce copper concentrates with abt 22 to
25% cu: howevar in Borralha, the copper content in concentratesis

only in the range of 15% Cu.

Some typical analysis (only mentioned as indicative examples)
(13):

= 1 tonne = 1 metric ton
2 1 PTE = 1 Portuguese Escudo ' .
21 ¢c = 1°conto” i.e. accounting unit equivalent to 1,000PTE




Table X:
Typical analyais of copper concentrates from
Borralha and Panasqueira mines

\

Cu Fe S As Zn Av Ag Sb Bi
Borralha 13-15% 29% 35% 0.3% 1.2% 0.15 ‘ 250-300 0.01% 0.58%
Panasqueira 24-25% 30% 14% 1.5-3.0% 1.9% (a) 500~700 0.01% .06%

(a) not available
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+  I1I. Envolved corporations .

Borralha - Minas da Borralha, SARL
(Mines de Borralha, S.A.)
Borralha
P-4700 Correio de Braga

main activity: mining of wolframite and scheelite

Mines de Borralha SARL was recently zwhed by the following
corporations:

. OPEMEDIN - Operagydes de MedigGes Internacionais, Ld 80.5pct
. SPE - Sociedade Portuguesa de Empreendimentos, SARL 19.5 pct

Prior to its purchase by OPEMEDIN the ownership of the
correspondent quota of Borralha was related to the foreign
shareholder of Panasqueira (see under l.5. Tin): presently the
sitvation of that quota in Borralha is not very clea~, since its
transaction was recently refered in Portuguese press.

Panasqueira - Beralt Tin and Wolfram (Portugal) SARL
Barroca Grande
Aldeia de S.Prancisco de Assis
P-6225 Minas da Panasqueira

main activity: mining of wolframite and
cassiterite
(for ownership see under ..Z., Tin)

IV. Product destination
Borralha and Panasqueira concentrates are essentially consumed

by the Quimigal ~c_per sme ter in Barreiro (Barreiro district of
Setubal): some min r export may alsc have had place.




V. Personnel

Being essertially mines for tungsten {Borralha) and tungsten +
+ tin (Panasgueira) the indication of personnel directly attached
to copper production is not contained in available statistics.

VI. Technological features:

In Borralha, the main mineralization in composed by wolframite
(abt 25%) scheelite (abt 7%) and pyrite and other sulphides (abt
60%), these including chalcopyrite and molybdenite. This
hydrothermal orebody is exploited to feed an ore dressing plant
with 50 tonnes hourly capacity of run-of-mine (with average
productions of 3 to 4 kg of 70% WO3 concentrate and 0.6 to 0.7 kg
15% Cuv concentrate per tonne of run-of-mins fed). After a three
stage comminution, the ore is separated first in jigs, then, after
classification, in tables. The overflows of the mechanical
classification systems are joined in a thickener and then floated
in c:1l1ls for th> removal and recovery of copper contained sulphides

(8).

In Panasqueira, after preliminary grinding and concentration
operations (heary media and hydrogravity classification), the
concentrates that include tungsten :3 wolframite and tin as
cassiterite, as well as sdlphides in a complex mineralization, are
further treated by grinding followed by the separation of sulphides
in tables. These sulphides, including copper, are then upgraled in
flo. *ation cells, were they are joined with the "floated"” material
from the treatment of "fines"” in other groupsof cells. Technical
developments introdvuced in Panasqueira in the first h2l< of the
70's provided an increase of gquantity (and metal content) in
produced copper concentrates (9). Panasqueira mining center, with
all its individual concessions, is today one of the most
representatie tungsten mines of the World and surely having an
vpmost importance in Europe. It h2s to be rec-:lled here that
Portugal covers 3 pct of the world production of tungsten (and
32.2 pcr of the production of Western Europe) in the period 1979-
-1982. In 1982, Portugal exported abt 1000 tonnes of equivalent W




in tungsten concentrates, with an export valve of abt 12 million
USD (10). This was, in 1982, slighly 3adove 50X of the overall
valve of non-ferrous metals mining production in Portugal,
evaluated in for or fos mine-sit2 tarws,

More recently, tungsten crisis seriously affected the economy
of its mining in Portugal - with the additionil blow of tin
= crisis adding its own consequences to mreat number of local W-Sn

mines. If Panasqueira,with its dimensions, follows operations

the exploi:ation in Borralha has been provisionaly shut the
beginning of current year (1986) Borralha, in the period 1980-
~1983, was employing 550 600 people with 20 to 25 "white -
-czllars”), what represented a sensible fixation of populations
in a relatively dispossessed region, in terms of alternative

employment.

1.2.3. Mining activities near the Portuguese part cf the
Iberian Pyrite Belt: smaller copper mines

Near or in connection to the Iberian Pyrite Belt, several
smaller copper enriched occurrences have been mined since long

non-deep sulphide deposits or ox:ydized material with generally
small kaown reserves. Copper from svlphide ores is obtained as
copper concentrates,after suvitable mineralurgical treatment:
from oxydized ores, copper is generally leached by an acid
(sulphuric acid) and then precipited as copper cement by
reduction with iron scrap.

The first situation described above couvld be quoted for
Aparis mine (in Barrancos, districtci.c’y;, in which mining is
suspen’ed since 1975; the second is represented by the current
operation of Miguel-Vacas mine, (in Vila Vigosa, district of
Evora) started in 1982. Other concessions in the area, such as
Cerro das Ferrarias (in Almodover , district Beja), had no recorda?
production for the lO-Years period 1975-1984.

Available statistics (7) combine the copper cement output of
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Miguel-Vacas with the cement produced in Aljustrel (see under

1.2.4.) from the treatment of mine waters containg copper. These

"mine waters" pumped to the surface, are circulated through the

great thick-layed extent of slags, coming from metallurgical
activities x to Roman times, and collec:ted in acid proof brick
cementation tanks with iron and steel scrap: precipitat:d copper -
cement is removed by "cleaning operations®” carried on man:ally
from time to time. Actuvally this cement may be reported as the
specific copper raw material being obtained at Aljustrel, since
the main product of those mines (complex pyrite) is sent to the
Portuguese svlphuric acid induvstry as a “source of sulphur®" and
only part of its contained copper will be recovered in the
"pyrite cincderstreatment operations® in Quimigal, Barreiro
(district of Setubal).

Therefore, following statistical data combine (s’ nce 1982)
the cement productions of Miguel Vacas and Aljustrel: up to
1982, only the cement production of Aljustrel in recorded:

I. Production figures:

The production of cement copper in Aljustrel was reaso-ably
stable for the greater part of considered period. However the
three last years (1982, 1983, 1984) include increasing amountsof
cement produced in Miguel Vacas (in 1983 abt 50 pct of the total
in 1984 abt 80-90 pct), with a certain decrease in Aljustrel

ovtputs up to 1982 orly the cement production of Aljostrel is
recorded ( see Table XI).

II. Typical analysis of obtaiged concentrates:

Aparis concentrates were sumewnat richer then the chalcoopyrite .
=classica]l type, above 25% copper content and with a relatively
low amount of nuisible inpurities.

Copper cements from Aljustrel and Miguel Vacas are typical
oxydized productswith abt, respectively, 60 to 70 pct copper and
54 to 60 pct copper.
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Table XI: Produvction of copper concentrates in Aparis mine and of

copper cements in Aljustrel and Miguel Vacas
(period 1975-1984)

Cement prod,

Concentrates (Aparis) prod. (Al jostrel+M.YVacas)
year - tonnes contained toLal contained total
- copper valuve copper valve
tonnes tonnes current
103c 103c
1975 667 192.8 4.45 20.2 (b)
1976 - 19.5 (b)
1977 - 37.1 (b)
1978 - 53.4 (b)
1979 - 46.3 2.54
1980 - 49.1 2.69
1981 - 37.8 2.7 (a)
1982 ' - 72.9 5,9 (a)
1983 - 42.2 4.1 (a)
1984 - 154.2 26.1 (a)
(a) for average contents (sovrce 7,12)

(b) not available

Tae prcduction of cement copper in Al justrel was
reasonably stable for the greater part of
considered period. However the three last year
(1982, 1983, 1984) include increasing amounts of
cement produced in Miguvel Vacas (in 1983 abt

50 pct of th total in 1984 abt 80-90 pct), with
a certain decrease in Aljustrel ovtput.
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Table XII: Tygical analysis of copper concentrates from Aparis
and cements from Aljustrel and Miguvel.yacas (13):

(indicative examples)

Cv Fe S As Zn Cl Sb
Aparis 326 23% 26% 0.65% 0.44% - (a) (a)
Aljustrel cement 65% (a) 3% 0.93% (a) 0.35% 0.01%
Miguel Vacas cement 55% (a) (a) (a) (a) (a) (a)

(a)=not available
III. Envolved corporations

in Aparis - Mineridlia - Sociedade de Empreendimentos Mineiros,
Lda.
(stop of work in 1975: concession abandoned in
1977 by depletion)

in Aljustrel - Pirites Alentejanas, SARL
Aljustrel
(see under 1.2.4.)

in Miguel Vacas - Minargol, Complexo mineiro de Argozelo, SARL
Av. 5 de Ovutubro, 89
P-1000 LISBOA

IV. Product destinations

Aparis concentrates were smelted in Quimigal (Barreiro), presises:
Aljustrel and Miguel Vacas cements have also been smclted there
or exported.

V. Personnel

Aljustrel will be dealt in item 1.2.4.: for Miguel Vacas,
available data indicate abt 40 employe#®s 1984 (5 white-c.llurs).
No reliable data remain available for Aparis operations, closed

in 1975.

VI. General technological features as previously described




1.2.4. Complex pvrite mining

The approach to this subject will be carried according to
following plan:

1.2.4.1. Characterization of complex pyrites

1.2.4.2. Historic>" background

1.2.4.3. Current pyrites mining operations

1.2.4.4. The C.P.P. Project

1.2.4.5. The development of a flotation process for Aljustrel

The frequent reference to pyrite mining centers (present or
historicsl) within the "Iberian Pyrite Belt” suggests tha
presentation of its global development in the ma; of next page
(14).

1.2.4.1. Characterization of complex pvrites

The Iberian Pyrite Belt contains considerable reserves of
massive polymetallic sulphides concentrated in (orebodies with
generally big dimensions. Pyrite is the mineral largely dominant
in these formations, that also show variable amounts of copper,
zinc, lead, gold and silver mineral, as well as many other oligo-
~-constitvents.

The most regresentative known orebodies in Portugal are, from
2ast to west, S.Domingos, now considered as an exhausted mining
center, Neves-Corvo(Neves Corvo, Graga, Zambuvjal, A. do Pires),
Aljustrel area (S,Joao, Algares - this also exhausted, Moinho,
Feitais, Gaviao and Estag3o), Lousal and, already near Grandola,
Serra da Coveira.

Although the composition (both chemical and mineralogical) of
the sulphides may wz2ll differ from orebody to ‘orebody, and even
inside the same orebody, the main mineral constituents of these
complex sulphides are

pyrite, already mentioned as prevalent,

sphalerite,
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chalcopyrite.
galenite

secondary constituents include:
arsenopyrite
copper sulpho-salts (as tetraedrite, bournonite and tenantite
and other mincr constituents)
pyrrotine,
cobaltite,
silica,

and, as minor constituvents,
stanite
cissiterite,
greenochite,
magnetite and hemati:2
etc.

Certain sympathies and antipathies between minerals may be
established. Silver is 31 interesting valve-increasing component
whose concentration is possible: on the contrary, gold shows it
sel< in discr.te amounts and disseminated in all mineralisation,
reason why it was not possible to obtain its recovery with meaningful
y=135 uvp to now. The preserce of tin (both as stanite and 2=
cassiterite) is a common feature and for Neves-Corvo orebodies
significative amounts propose the difficult challenge of tin

recovery.

A &fficvult feature of these polymetallic sulphides is it
fineness, showing »ommonly grain dimensionsin the range of 20
micreor less. This implies for minerallurgical purposes, the need
of a very fine grinding.

Pollowing table characterizes the chemiz=zl composition of some
complex pyrites from Aljustrel ore bodies (15), tha:t well exemplify
this type of o-e. Pollowing characteristics may be emphasized:




. the predominant pyrite constitution, related to the Fe and $
contents:

. copper contents in the range of 1.0 to 1.5 pct (lowe
contents for the so called "lean pyrite" :

. zinc contents well above the copper level, and in the range
of 3 to 4 pct:

. lead content in the range of 1 pct:

. the combined NF metals content (Cu+Zn+Pb) in the range of 4
to 6 pct (scme Avthors consider ti_ - the designation "complex
pyrites® should be reserved for ores with basic NF owerall contents
above 3.0 pct, like these, keeping for lower conténts the
designations of "lean pyrite"™ or "crude de pyrite”):

. significative presence of silver as a possible contribution
to recovery processes but also meaningfull contents in “"negative
constituents” such as arsenic, mercury., antimony and bismvut.

'As  explosed later, some of these minor constituents
determined serious process restrictions for the roasting of pyrites,
when pyritic residves or cinders were surified for their use as an
alternative -aw-material for iron-making (besides the associated

recovery of NP metals).

However the most characteristic feature of complex pyrites,
th  strozngjly marked the evolution of their industrial use, is
certainly its ratio of sulphur to NP metals: as a matter of fact, for
100 pct theoretical recovery, 1 tonne of complex pyrite with the .
average composition described (45pctS:5 pct NP metals) would
produce 1,38 tonnes of sulphuric acid and oaly 50 kgs of contained
metals. With practical processing yelds.this relation 138:5 may
even be substantialy increased to abt 125:3 or similar range. What
means that for an economical integrated recovery of pyrite .
constituents with full S transfering to sulphuric acid, one would
have to face following dilemma:




Table XTIT: Chemical anulysis for Complex Pyrites
faom Aljustrel orebodies

Element MCINIO (), FEITAIS |y, GAVIRO (1) ESTACAO (2)
s 47 4s 47,5 4s
Fe 1 40 - 30 | 0 38
.Cu”-% 1,15 0,6 1,5 0,13
Zn . % 3,2 3,0 3,0 3,6
Pb .3 1,2 1,2 1,0 1,1
As % 0,5 0,6 - 0,5 0,9
5107 % 3,0 3,% 3,7 2,0
Co g/t 400 100 n.a n.a
NL g/t 60 35 n.a n.a
ca g/t 100 100 ‘n.a n.a
Au g/t 0,0 0,6 0,8 0,3
Ag g/t 35 10 35 37
g g/t . 90 110 100 n.a
Sb g/t 700 1050 2000 n.a
BL g/t 210 110 n.a n.a
sn g/t 300 300 n.a n.a

(1)
(2)

statlstical (flguraes
indlcative flgures

n.a = not avalilable

Sourco:{15)
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- or the production of sulphuric acid in one center or area is
enough developed to orcvide for a svitable minimum- dimension for
NF metallurgical works ("acid drive”):

- or, "xz:t3%i5 mutandis", th2 requirement of a miniaun dimension
for NF metallurgical works would e=&" impose a large offer cf
svlphuric acid or suggest all alternative ways to "deal the metals”
keepi~jthe sulphur -henever possible in a non sulphuric acid

--

accegtable form ("metals drive").

The first alternative ("acid drive") includes tne classical
examples of the big cinders tr:atmaatplants of St. Hellens,
Duisburg, Bremen, Bilbao and Barreiro, in Europe, Wilmington, in
the USA, as well as the Jap:inese purification ancd pelletizing
Plants (Kowa-Seiko process). In those cases, or the cinders
treatment units were ow-ed or connected to neart: big sulphuric
acid producers or collected cinders from several pyrite rzzstars
within : certain area. In some cases (vg.Duisburg), the cinders
treatment center made theza-gvisition and import of crude pyrites,
controcz:2its distribution by the suvlphuric acid producers (that
payed for the sulphur removed during roastig) and got bac» the
ro :sted haematitic cinders and other solid residves (Cotrell
éusts,etc) contaizing the —on-ferrouvs and precious metals, to
recover.

The second alternative, was already present in the practice of

the release of SO, provided i "confortaole” but ecologically
incompatible way to ge: rid o* the sulphur surplus.In much e =oot
times, as we may see later, this "metals drive” was aggr :vated by
the increase of metallurgical minimal 2:izensizns and suggested
solutions not only in the ore beneficiation stage (such as the
removal from pyrite and concentration of the minerals containing
NF metals) but also in other steps of pyrite processing (such as
total or partial recovery of elemental sulphur, the
hydrometallurgical treatment l::ving untouched the pyrite matrix,
etc). Besides, the jumboing of metallurgical c.p:cities put the
"acid drive” acid cinders combinations under very srorng cressuvces,




from which only some particular cases emerged and still remain in

operation.

This requirement ofbigger unit dimensicns, cdue to increased
competitive behavic=: of producers and =ack2is and to “energy
sensivity”®, also emphasized the “"energy content” of pyrites (as
well as other sulphide ores) as a potential and meaningfull credit
to their processing (16).

1.2.4.2. Historial background (2,3,4,5,6 and bibliographical
references there quoted)

Being exploited for ccpper and silver even before the Roman
period, the histori-:l activity in the Portuguese and Spanish mines
ofe- .--west Iberia up to our tires can be gummarizedin a common
structure with four cycles, each one overl_ping in a certain ti-e
extent the new comer or leiving a relative large gap in its

sequence:

I - primitive exploitation and metallurgical treatment of the
oxydized (upper) zones of the .oretcdies , for the recovery of
copper and silver ("primitivs c:pper cycle®):

I1 - selective recovery of copper with environmencally
agressive sulphur removal by burning in open air or by natural
oxydation/cementation processes ("XIX century copper cycle”):

I1I - use of pyrites as source of sulphur for sulphuric acid
industry and adding up ‘systems for the recovery of non-ferrous and
precicus metals (as well for the purification and vse of cinders
as iron-ore in blast furnaces and for the recovery as steam of
available waste heat released during processes) ("suvlphur/iron /
/copper cycle"):

IV - (more recently) development of processes that may
overcome the original relation sul)phur/recoverable non-ferrous
metals contained in the complex ore., either by concentration of
the. non-ferrous containing minerals (and discard of pyrite to the




tailings disposal -for use just as required for sulphuric acid
production), or by the production as elemental sulphur of part of

the sulphur contained in the complex pyrite, or even by selective
leaching of the useful mineral constituents, leaving the lean-
-pyrite (FeS2) matrix untouched - or minimally touched ("selective
non-ferrous metals recovery cycle”). .

Second cycle, as mentioned, is well separitac ZIczm the .
primitive uses of pyrite and corresponds to:

- the vse of new technologies for copper recovery from
solutions (cementation processes):

- the "recognition” and use of old mining centers, that gassad_
€zom prztically ztandcon to big mining rentures amploying In zcas
places more thi= 20C0 miners and deeply changing the social
pattern of the area:

- l.arge employment demand, proposal of integrated projects
(some of them establishing already the transition to third phase
and including the production of fertilizers), development of
communications and definition of export centers (Mértola, Setuvbal
and Barreiro, in Portugal: Huelv: in Spain):

- increase of concession applicaticns by foreign companies and
grzd-al transition to foreign ownershir that pratic:ll. remained
untouched up to the 60's or even the 70's of this century.

As a matter of fa-t, with the gradval closure of smaller
uneconomical exploitations and the failure of the Transtagana
project (a corporation that was operating in Aljustrel around
1281 and thi: closed activities after the decrease of copper
prices resulting from the first boom of Chilean copper),
pratically the thrze main Portuguese pyrite mines (S.Domingos,
Lousal and Aljustrel) were to stay frequently under non-Portuguese
interest® as geor Zollowing tadle:




Table XIV:

Portuguese complex pyritae mines;
recognition data, non Portuguvese

interests and present situvation

Ne-n VPortuguese
interests

Present Situwation

Mine Recegnition
datc

S.Domingos 1854
(Mértola, dist.

Deja)

Aljustrel 1849
(aljustrel, dist,

Beja)

L.ousal 1R/83

{(Grandola dist,
of Setuual)

1855 to the Spanish (with French
interest Company "lLa Sabine" that
rented the mine to the British
Company Masons and Berry

1849-1854 Spanish interests; 1854
~1867 British interests 1898
Belgian interest (Portuguese
interests between 1867 and 1898)

1885-1899 French interest:
1934 - today . jian interests
(from 1899 to 1934, Portuguese
interests)

uxhavsted between 1960-1970: Mason
and Berrv abandoned the concession,
but La Sabina remained with
concession rights vp to 1984, when
they were revoked

in 1973 in created a Portuguese
Company after purchase of Delgian
interests; Relgian minority rights

(abt 5%) still remain in this mine)

- Bt -

mining rights fully under Bolgian
control



A quite similar table could be dressed for Spain, where
French interests, present at first and replacing original Spanish
interests, gave gradvally place to British corporations (viz. Rio
Tinto and Tharsis) and where a sensible increase of Spanish
active participations could also be -irawn in much more recent

times.

If the XIX gentury copper cycle" was necessarily represented .-
by the"integrated mine / metallvrgy " concept, searching for
greater overall added value and by a real affection to the
mine site, the "sulphur / iron / copper cycle” brought a much
greater "chemical drive" for potential expansion. Although keeping
the copper recovery and iron-cre production from pyrite cinders
in selected centers of collection™ ', where operative dimension
would stay above hrr k-even, the industrial vnits of this third
cycle became much more sensitive to an easier acess to imported
raw materials (like phosphate roc) and to the relevant consumer
m.rkets, placing thems:1-rzs according to different criteria and
much often having no direct p.-tnership relation from {&rto) became
the mining companies. Pyrite became a commodity and pyrite miners
sellers or exporters of grain crushed pyrite, with no other major
benefici xion™~. Barreiro where CUF - Companhia Unia» Fabril
(o-e of the companies ' that, after its nacionalization in 1975
formed Quimigal) operated, and Setibal, where the Belgian group

= Good examples of this policy were the Spanizh copper smelting
unit at Rio Tinto, as well as the copper "water-jacket"” urnit and
the sulphur produveing Orkla plantof S.Domingos, in Portugal.
Integratior in Aljustrel Never p:-ssed from the cement producing
stage, in definitive terms - up to the newest ideas already in
the 4th cycle.

x2 Like St. Hellens in Great Britain, and Duvisburg, in Germ iny
latter added with Barreiro, in Portugal, and Bilbao, in Spain.
xxx SO important was the pyrite trade that in 1923 was established
in London the P.P.A. -~ Pyrite Producers Association (ith 4
Spanish, 1 Nomegian producers and M.ison and B :rrry, that had
the exploitation right for S.Domingos): this Association turned,
befor the 30's, to the E.P.C., European Pyrite Corporation.
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Sapec, owner of Lousal mines, has fertilizer plants, are good
examples for that new concept.

But the dependence of pyrite mines on exports would give a
handicap to its survival when in the Evropean markets, -
traditionally opened to that source of sulphur, pyrite became
gr-dually replaced by the use of elemental suvlphur for an easier
and c-eaper sulphuric acid production!. The decrease of pyrite
demand in the earlies 70's marke: the onset of several recovery
measvres to Aljustrel, such asaffording a publicparticipation in its
equity and the launching of projects to increase mine production
namely. the CPP project to be refered later. These measures
and conscienze of pyrite natural limitations imposed by its
own composition and structure, would also bring the key of the
fourth and mcre recent cycle, :lready in ovur time.

However the use of pyrite for the sulphuric acid production
remains pratically the scl2 ovutput for the extracted ore in
Portugal, reason why the item "Cuprecus iron pyrites”"is kep:
in Portuguese mining statistics under the more general caption
"Minerals for Chemical and Fertilizer Industry” or, less
correctly, "Non metalic ores and industrial rock ".

1.2.4.3. Current pyrite mining operations

Reference will be made to following mining centerms with
actuval signification:

A - S.Domingos (Mértola, Beja district)
B - Aljustrel (Aljustrel, Beja district)
C - Lousal (Grandola, Setubal district)

No datailed refer>x:will be made to the mining centre of
Serra da Caveira, near Grandola (district of Setdbal), since

x Sitvation that nowadays with cuent svlphur prices gave on
its turn a serious handicap to Evropean sulphuric acid producers,
now looking again to pyrites with a certain interest ...




long out of regular exploitation. This orebody has been
concessioned in 1936 to another company of the same Group that
detains the mining rights for Lousa2l and that, subsequently,
joined both mines under the control of Lousal corporation (in
1979).

Alsc no reference will be made in this point to the Neves-Corvo
orebodies ., although they contain not only the higher grade copper
ore that made this discovery internatiocnally Xnown but also
complex pyrites and lean pyrites. A special reference to them will
be considered under item 1.2.5.

Next page summariz==235, in graphical form, the production of
complex pyrites in Portugal, between 1960 and 1981 (15). These
data may be completed with the productions (and respective values)
recorded for the period, 1982 to 1984 (7,12):

TABLE XV: Pyrite production in Portugal (years 1982, 1983, 1984)

year 1982 1983 1984
Aljustrel, 10° tonnes 216.5 245.8 291,7
Lousal 45.6 34.2 42,7
Total 262.1 280.0 334,4

Overall valuve

103c=10%pTE 404,6 544,1 847,4

Average value
PTE/tonn2 1544, 1943, 2534,

Prom this figure, fzilowing conclusions may be dr.wn:

- S.Domingos mine, spent all the oz in conditions of
exploitation, was shut down in 1986. This closure raised a major
social problem in the area frcm which still remain evident
distortions and testimonies like the Yhost villages" ar-und Corte
d? Pinto and Pomar3o (Mértola, district Beja). After a glorious
mining life, S.rmingos became an eample cf several sitvations to avaid

-~
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Figure 3 : Production of Portugvese Pyrites(1960-1980)
By Mining Centers (1960-1980)
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- or to prevent by foreseeing them with enough anticipation
- and makes a theme that from time to time is quoted in the
pages of Portuguese papers:

- there is a strong evidence of an overall decline in pyrite
production for the represented time period: a great contribution
for that fact was the successive reduction of export in the years
60's and 70's.

- there is also an evident decline in Lousil production: this
decline is combined with low sulphur (35-42) and iron contents
and most probably shows a certain state of deplation in tha mine,

- f'inally, the evolution of prices shows a contin >is increase
between 1982 and 1984, being the price of 1983 25.8 pct above the
price of 1982, and the price of 1984 30,8 pct above 1983 (in
current tarms ).

The examination of each center follows:

A.S.Domingos (6,17)

I. Location: in S.Domingos, "concelho” of Mertola, district
of Beja, at abt 9km from the Spanish borde-. The mine, that had
alread; Rom:z:n mining works nearby, wos recog-ized in 1854.

IX1. Production figures: the level of pyrite extraction, that
in the begining of this century was around 400.000 tonnes/year,
was near the end of the 50's begining of the 60's in the range
of 150.00C = 200.0C0 tonnes/year.

Following data describe dramatically (in terms of ore

production and of employment) the l:st period of S.Domingos mine .
(7):

Year Prgduction Employment

10° tonnes

1960 123.9 1359

1961 124.9 1315

1962 115.4 1256

1963 109.3 1016

1964 98.9 876

1965 64.5 517

1966 0.56 140
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Table XVI: The declive of S.Domingos pyrite mine

Year Production Employment
103 tonnes

1960 123.9 1359
1961 124.9 1315
1962 115.4 1256
1963 109.3 1016
1964 98.9 876
1965 64.5 517
1966 0.56 140

III. eharacteristics of the preduced pyrite:

Missivecplex fine-grained pyrite with chemical compositions
within the range of figures alrexiy presented for typical pyrites
of the Aljustra:l . orebcdies.

IV. Characteristics of the

A single bulky mass of pyrite that near surface was exploited
for a lenght of 560m and for a width abt 60 to 80m, with strike
paralel with the slates and a vertical attitude (3). That lenght
of the m:ss reduced progressively with depth.having 380m at
level-200m and then 3iving place to two separate portions whose
l:wer limits wver: estimated for lev:1s=360m and 400m.

V. Explcitation methods

EISSLER, in 19902(3), reported impressive open c:st works
developing these down to level - 75m, with a system of galleries
already worked out down to level - 222m: descriptions of 1923
refer depths of abt - 3COm and thicknesses in the indicated range,
"always above 20m"”. The open-czst work= . required the removal of
a sterile layer with a thickness between 30 and 50 meters.

Upper l2velz of sulphide mineralization lead very promising
copper contents, up to the range of 4% Cu.In depth, however, these
copper values decreased some. h:t, Zown to the current range of




1.0 = 1.5 zc= tha characi=zizes the massi7e ccmplax pvritic ore frem
other orebodies in the PyriteBelt (with a remarkable exception
opened for Neves-Corvo). In the begining of this century, the
contents of level - 112 were near 1.5 pct copper and S.Domingos
was producing in the range of 3000 yearly tonnes of copper.

Mining methods incl-:ded initially open cast, as already
mentioned, and for undezground work3 room-and-pillar at first,
to be followed in a later stage by cut=-and-fill,,this enabling a
more complete extraction of the oOrebody.

VI. Associated processes for the extractive metallurgy of
copper:

Ro :st-heap pyrite burning in open atmosphere was the firs:
process vsed in the XIX century Pértuguese pyrite mines
‘Z.2.-%.; S,Aljustrel in the 3ame extent it was being used in the
other sid®@of the Spanish borde:-. Description of these practices
iswell provided in several sources (3,4,6 amcng others). The
agressive discharge of SO, and the strong dem:nd of firewood

soon required different practices.

Natural cementation "heap leaching” were extensively used
processes and several "milli>= of tons of wash-depleted pyrite
with contents of 45 to 50 pct sulphur and 0.20 to 0.25 pct copper
have built up in available land” (6).

In 1934, Mason . and Barry installed in S.Domingos an Or':! ;
-type unit for the produvuction of abt 16,000 tonnes per year of
elemental sulphur. The Orkl: process was cdeveloped in Norway, abt
1928, envisazing the removal and recovery of elemental sulphur
from pyrite in a reductant atmosphere with addition to the
pyrite of coke (reduvctant)and silica (for slag fo-matiza),an2
co-generating a low-copper matte that, in S.Domingos, vastreated
for further concentration in a "water-jacket” unit followed by
converting.
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Gases from the Orkla furnace were passed over dessublimating
condensing chambers, where elemented sulphur was recovered (with a
relatively low ccntent of impurities, such as cinders and minor
amounts of arsenic and selenium) and, in S.Domingos, simply
discharged to the atmosphere*

Copper cement produced at the mine was fed to the water-jacked
and/or onverter, this increasing the prodution of blister, or even

sold as so.
VII. Pyrite expedition
The pyrite exploited in S.Domingos had following destinations:

- local treatment (Crkla furnace for elemental sulphur and
copper low matte production) or leaching in place (heap leaching
for the recovery of copper, as already described:

- export for consumers abroad via a norrow-gauje mining
railway connecting the mine to the inner harbour of Pomarao
(district Beja) in the Guadiana river:

- expedition for national consumers (namely CUP, in Barreiro)
also via Pomarao.

Coarse and lump pyrite was dispatched from the mine via a
narrow-gange private railway (of abt 20km) to the harbowr of
Pomarao, 55km vp the Guadiana river: however only relatively
small ships could pass the mouth of the Guadiana, bringing a certain
restriction to pyrites trade from S.Domingos.

= In Orkla, Norway, they were further trated in a Claus process
vnit and in Rio Tinto, Spain already in the 60's, they were fed to
two suvlphuric acid vnits, engineered by Chemiebas-Zieren of Cologne,
Pederal Republic of Germany, that due to the complex gas mixture
(envolving S0,, SH,, cos, S,C., etc) had several starting-up and
performance problems.




CUF (now Quimigal) works at 3arreiro have currently been fed‘
Up to mine closure by pyrites from S.Domingos and had special -
- sized ships for making the "pyrite-shuttle” Pomar3do -
- Barreiro.

S.Domingos never was connected to the national railway grid.

VIII. Envolved corporations

La Sabina - corporation established in Madrid but with French
interests (at first) that detained since pratically their recognition
Up to their revoke by Portuguese auvthorities in 1984 the mining
rights for S.Domingos:

Mason and Barry. Ltd - corporation under British Law that, .
also pratically since the La Sabina concession (in 1855-1856) up
to mine closure (in 1968), has rented S.Domingos mine f-cm LaSabina .
With recognitinn of mine depletion, Mason and Barry tried to
develcp several regional actions includiug the mine itself (vg.
vnderground leachingof copper) or nearby (vg. yatch shipyards
near Guadiana mouth), but without pratical survival.

When the mining rights of La Sabina were revoked (1984), this
company was claimed in several Portuguese papers to represent
West German interests.

IX. Personnel

As pratically all important mines of the Pyrite Belt, S,
Domingos called to the Mertola region and specifically to a low-
-resouvrces location near the border, a great number of outside
workers. Two small towns (Minas de S.Domingos and Corte do Pinto)
have developed and, as alrealy mentioned, five years before mine
was shut (shutdown in 1986) the employment volume was still in
the range of 1315 workers.

This circonstance may give an idea of the prob.ems tha still
remain in that area, when an important activity was almost
suddenly stoped .




B. Aljustrel '

I. Location:

in Aljustrel, "concelho” of the same name, Beja district.
II. Producticn figures, ore bodies and reserves:

Production figures for the last 24 years ae given (part of
them graphically) in te foreword of this item 1.2.4.3%; official
figures of production and stocks for pyrite and copper cement (see
reference to production of copper cement in Aljustrel in item
1.2.3.) are given hereunder for the period 1975-1984 (12):

Table XVII: Production of Aljustrel mines (1975-1984)

Year Production tonnes stocks tonnes (the 31th Dec.)
Pyrite Copper Froite Copper
cament Cement
1975 305.559 32.5 111 527 70.1
1976 280 468 31.5 13¢c 077 101-6
1977 257 105 59.9 112 012 54.7
1978 225 024 86.2 112 372 18.8
1979 268 930 74.7 138 285 93.6
1980 331 915 79.2 180 782 172.8
1981 234 678 60,9 177 604 210.9
1982 216 437 102.2 155 895 6.2
1983 245 756 29,6 125 336 35.7
1984 291 735 35.5 62 489 71.2

In recent times, production is only centered in two ore bodies
- Moinho and Peitais -prevailing the following situation to the
other 4 ore bodies of the Aljustrel area:

S.Jodo - included in the concession to Pirites Alentejanas
S.A.R.L., like Moinho, Peitais and Algares. After being exploredin
former times, and intensively in the XIX century (open east process),

% a corralation of Aljustrel pyrite production in the period 1900~

1980 with main external and internal circunstances vas made by
GOMES and PARIA (19).




S.Joao still has enough untouched reserves withcopper contents that
renders it interesting for future exploitation. Due to the
proximity of the Great Alentejo Favlt (or Messejane Favlt) the ore
masses have a certain fragmentation that renders mining activity
more dificult. S.Jo3o orebody is presently in a stand by situation
for future developments integrated in the Aljustrel project.

Algares - also concessioned to Pirites Alentejanas, S.A.R.L.
Its intensive exploration in Roman and later times left the ore.
body pratically exauvsted. A large volume of Roman slags may
provide a suitable recovery situation. Copper impregnations
(stockwerk) and precious metals in gossans are under investigation.
Near this mine, under the slags, were found the two unique bronze
tables containing part of the Roman mine reglementation for Vipas
Vipasca, the Roman name for Aljustrel.

Gavi3o - discovered in 1970 under more than 60m of Terciary
sedimentar deposits of the Sado valey Gaviao stays in relation
to S.Jo3o/Moinho astride the Messejana fault, the evaluation of the
net slip of this fault (abt 2.5Km) making then possible to project
currently the first deep diamond drill hole. This remerkable
geological work was carried on by S.M.S. Sociedade Mineira de
Santiago, S.A.R.L., then a corporation of the CUF Group, and that
was nationalized in 1975, giving origin in 1979 to EMMA, E.P.
(see under VIII,hereunder), The concession of Gavidao belongs to
EDMA, the state owned mining corporation resuvlting from EMMA, and
the orebody has not yet preparatory direct works for exploitation,
being considered as a potential reserve to Aljustrel developments
under study,

Estag3ao - discovered in 1968, this crebody is not yet
fully known. Its corcession was demanded by EDMA, after works of
exploration carried under permission in the Aljustrel area.

It has to be mentioned ther besides S.Jo3ao and Algares, Known
since antiquity the two orebodies of more ectval interest in
Aljustrel were only discovered in relatively recent times. Still.

‘in 1927 a description guide of South Portuvgal mentioned that
between S.Joao {(also known as S.Joao do Deserto)
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and Algares there was but a fully sterile area (18). Moinho was
discovered in 1953/55 by electromagnetic "TURAM", drilling and
mining operation from S.Jo3o mine:; Feitais was Jiscoved in 1963
by gravimetry combined with mining operations and exploracive
drilling - being active, in both cases, the then concessionary of
Al justrel mines, Mines d'Aljustrel S.A. Relevant data on Aljustrel
and other findings in the Iberian Pyrite Belt are reported by
Carvalho (l).

The location of mentioned orevodies of Aljustrel area in given
in the following page (Pigure 4) as well as an indication of
respective reserves (Table XVIII).

III. Characteristics of the produced pyrite:

Average characteristics for the orebodies, that for Moinho
and Feitais correspond to the average production, were given under
1.2.4.1.

IV. Characteristics of the orebodies:

All the orebodies in Aljustrel show a subvertical attitude
that may reach thicknesses uvp to 100m (Moinho), combined with
considerable runs of ore up to 1320m along strike. These orebodies,
that may be regarded as fully containing complex pyrites, are
known in depth down to-500m and production is actuvally centered
in the 265m level (15). For geological considerations see LEITAO
and therein quoted references(20).

V. Expoitation methods

Cut-and-£fill method both in Moinho and Feitais. No underground
works are presently being carried in the other orebodies, as
already mentioned (15).

Studies were carried on to develop a more productive although
less selective,mining method such as "sub-level stoping”, when the
Aljustrel project and/or other consumers make a greated demand
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Table XVIII: Complex pyrite-ore reserve in Aljustrel
area (Million Metric.tonnes)

Crebodies MOINHO 8 Joko GAVIKRO FEITAIS ESTACKO TOTAL
' '
Proved Reserves k1 { 2 16 40 - 92 g
{1n brackets prepared ' '
reserves for stoping) (5) (2) - (7) - (14)
Indicated Reserves 25 ] 4 11 20 6S
Damonstrated Raserves 59 7 20 51 20 157
Inferred Resexves 5 10 3 10 20 48
TOTAL RESERVES 64 17 23 6l 40 205

Following the definition of reserves ¢f the
U.S. Bureau of Mines & U.8. Geologiocal Burvey, 1974
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for pyrite. As a matter of fact, Aljustrel production is being
tailored to satisfy Portuguese domestic demand, that remains in

the range of 300-400 thousarmd tonnes per year. The limited number

of consumer and their prevailing connection to the fertilizer
industry, where prices have been under administrative regulations,
makes the demand figure highly sensitive to fluctuations . --
registered in respective down-stream market conditions (15).

Pirites Alentejanas, S.A.R.L., has envisaged ~ in accordance
to the requirements set forth in 1958 to 1960 by the Governmental
plans of development in the non-ferrous metals sector - a
sensible increase of its production. This capacity increase,
from abt 0,5 million tons to 1.0 million tons of ore extraction,
was carried on up to now and the fact of having it performed
according to a schedule commitment ther had no counterpart in
the consumer side brought to Pirites Alentejanas the balance of
two opposite situvations:

- the financial burden o an investment without return, but

- the preparation of the mines to face next development
sitvation,and even a greater pyrite demand for sulphuric acid
manvfacture due to the current high prices of suvlphur.

VI. Associated facilities

Pyrite output is crushed down to-6mmm in a crushing plant
included in mine premises (down lump crushing before lifting by
skip and then ouvtside fine crushing up to these dimensions): this
is the general consumer specification.

The mine also contains cementation facilities and all other
pertinent requirements.

A railway cornection (standard gauvge ) to the natjonal
railway network (that replaced a prior connection in reduced
gavge, see reference (4) and (18)) and an exporting pier with
loader at Setubal harbour also belong to Pirites Alentejanas.




VII. Pyrite expedition

Railway transport up to the client premises (Quimigal svlphuric
acid plants in Barreirc. district Setubal, and Estarreja, district
of Aveiro, and Sapec sulphuric acid plants in Setubal). Railway
connection to Sines industrial park is also possible, as well as
to the exporting pier of Pirites Alentejanas, in Setubal harbour.

VIII. Envolved corporations

In connection to Aljustrel mines, several corporations have
already been mertioned For the sake of a better understanding of
more recent developments, their listing will be made here, with a
certain chronologiecal order.

Al justrel CUF(guimigal ) +SMS (EDMA

1865-aAlfredo da Silva incorporates in Lisbon
the CUF « Companhia Uni3o Fabril SARL that
wouvld become the diversified private Portu
Portuguese Group CUP - Companhia Uniao
Pabril wouldstay as the industrial component
of the Group in fertilizers, chemicals and
metallurgical activities

1898-Belgian interest
purchase the mining
rights in Aljustrel
orebodies (S.Joao and
Algares) incorporating
the Societé Anonyme
Belge des Mines
d'Aljustrel

1908-Begining of industrial activity in CUP
Barreiro works using pyrite for sulphuric
acid production (S.Domingss?)




1934-the S.Ammnyme Belge
des Mines d‘'Aljustrel

puvrchases the mining
rights of Lousal mine.
Aljustrel and Lovsal
became operated by
the same corporation

1936-split of P=21lgian
S.Anon
Belge des Mines d°'
Aljustrel follows with
Al jostrel: Mines et
Industries S.A,
Belgian, follows with

interests.

also

Lousal mine.

1956-the Belgian
corporation Mines a‘'
Al justrel S.A.
replaces S.Anon Belge
des Mines d'Aljustrel
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1960-70 the CUF Group, that already had
copper mining interests in Angola (ECA=
Empresa do Cobre de Angola), is willing to
get a controling position in pyrite mining.
Besides, the announcements (and then the
feet) of S.Domingos closure, made CUF
consider

-the incorporation of a 100% owned mining
society SMS - Sociedade Mineira de Santiago,
S.A.R.L, for active exploration in Alentejo.
-the participation of CUF Group in Aljustrel
by purchase of a leading part of Belgian

equity




1973-after the bids of
CUP group and .
Portuguese Government
to Mines d'Aljustrel,
a new corporation with
Portuguese majority,
Pirites Alentejanas
SARL, is formed:

45% CUP

45% State owned equity
10% Belgian interest
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SMS

1968-5MS discovers

Gaviao orebody in
Al justrel

1970-SMS discovers
Estagao orebody in
Al justrel

1972-pursvant to
separate demands and
the action of Portu
Portuguese avthorities
to combine their
requirements, SMS and
French interests
(Pefiarroya and BRGM)
form an explorating
group and begin
drilling in a large
area of Beja district
(from which Neves-
-Corvo finding in 1977
wouldresult).

1973-CUP bids for
pwwchase of majority
in Mines d'Aljustrel

|S.A.: the Portuguese

| Government anticipates
.in the business and

| gets with CUF an
iequal position in

:, the majority of the

| Portuguese company

| then formed




1974-after Portuguese
revalution, Pirites
Alentejanas private
Portuguese participation
is nationalized,
remaining therefore
90% State ownad equity
10% Belgian interest

1974-79~-the Belgian
interestsdon't follow
share capital
increases, why their
participation remains
reduced to present ly
abt 5 pct (Belgian
interests are -
represented by
SOGEMINDUS - Société
de Gestion Miniéres
et Industrielles)

1979-the Stated-owned
participation in
Pirites Alentejanas
(abt 93-95pct)
reverts to EMMA
(then to EDMA)
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1974-SMS is natimalized
together with the
private Portuguese
part of Pirites
Alentejanas, remaining
S.M.S. S.M.S. therefore
(and later EMMA/EDMA)
remains for the future
fully independent from
CUFP/Quimigal.

1977: discovery of
Neves-Corvo.

1979-the Government
forms EMMA-Empresa
Mineim Metaldrgica
do Alentejo, E.P.,
100% State owned

for having mining and
metalluvrgical .
activities in
connection with copper
findings, and acting
as an holding to state
participatiors in

sulphides in Portugal

(26).

corporations exploiting

1974-after the
nationalization of

SMS and the private
Portugueses part

of Pirites
Alentejanas, CUF is --
also nationalized.

1876~ CUF is mexged
with other 2
fertilizer
corporations also
nationalized,
incorporating
Quimigal - Quimica
de Portugal E.P.,
100% state owned.




- 58 -

1980-Incorporation of
SOMINCOR = Sociedade
Mineira de Neves-Corvo
SARIL

51 pet EMMA

24.5 pct BRGM

24.5 pct Peflarroya
(see evolution under
Neves-Corvo)

1980-82- EMMA prepares
the launching of the
metallurgical projects.

1982-Portugueses 1982-Quimigal
Government decides to receives the full
remove ( to the contzol control of the
of Quimigal) the metallurgical
metallurgical activies activities
from EMMA, whcse represented by
denomination passes to its own plants
EDMA - Empresa de and the
Desenvolvimento Mineira unde rtaking
do Alentejo, E.P., also | commitments detached
100 pct State owned™ from EMMAX
(27).

1986-EDMA is vrged 1986~1If is annouxred thar

to place in the EDMA will encharge jts

stock market part activities by

. of its shares in incorporation of the

Pirites Alentejanas other State mining

keeping however a company Ferrominas (iron

substancial and coal) changing again

majority. its denomination to EDM=-

Empresa deDesenvolvimento
Mineiro,E.P. (100 pct
State owned)

x instead of a possible coordination of metallurgical actions, that
was stated in some texts, the 1982 Government decided to break
vertical integration, with split of mining and metallurgical activies.
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IX. Commercial terms and activites:; corporation performance:

Pyrite is sold to customers of Portuguese domestic market
ac-ssrding to a formula where following variables and conditions
are considered (per tonne of pyrite)

- dryv basis:

- content of sulphur (valuve calculated pro-rata to 48 pct
sulphur content) multiplied by sulphur reference price as a first
adding component:

- content of copper: second adding price component, estimated
in the base of copper content less a certain constant deduction,
multiplied by a certain estimated copper yeld and by copper price
(LME) deduced from a certain tratment charge:

- no other components applied to cost evaluaticn, nor penalties
or deductions (although a certain dialogue may be established
between mine and consumers if contents of certain components go
to abnormal ranges):

- Coeficients have been fixed with yearly frequency: however
no obligation of an early revision of settled values is imposed
This sitvaticn of prices - "contracted price® system implying
negociations between seller and buyer and then reference of the
settled . conditions to the pertinent avthorities- replaced in
1981 the former and much more administrative bound "maximal
price” system that has been applied since 1974, as pyrite was
considered one of the main components in the formation of
Portuguese fertilizer prices (through the production of sulphuric
acid).

A brief idea of the of the volume of transactions by pirites
Alentejanas and of valves attained for pyrite in Portuguese
domestic market® can e suppxrted following table, in which is
explained their sales value between 1975 and 1984, not enly in
current (historical) valves but also estimated in constant values
1984 (12).

x during the period of this table, pratically no pyrite export
tock place.
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Table XIX: Aljustrel commercial activity 1975 to 1984

Pyrite Copper Total val
(tonnes) cement Current conatant
(tonnes) Prices Prices (1984 basis)

(contos) (contos)

1975 297 007 - 110 040 723 953
1976 261 881 - 124 077 683 416°
1377 275 170 106.8 147 972 626 365
1978 224 674 121.5 153 404 508 534
1979 243 ol1? - 206 325 536 651
1980 289 418 - 272 813 646 976
1981 237 856 22.8 260 956 502 406
1982 238 146 306.9 400 004 642 606
1983 275 766 - 581 200 741 030
1984 355 130 - 889 963 889 963

The decline of pyrite exports was specially due to

- concurrence moved by elemental sulphur, with lower prices
(situvation no more prevailing today):

- concurrence moved by recovered sulpluric acid ("smelter acid"
and other forms of by product acid):

- lower investments and costs required by svlphur-burning
svlphuric acid plants:

- problems caused by the disposal of etfluents connacted to
pyrite roasting and SO0, - gas purification:

- problems raised about some minor constituents of pyrite:

and its eflfects were stongl. felt in Portugal and Spain. As
already mentioned thissitvation meems to-change and the production of
svlphuric acid from pyrites, be it in the Peninsula (with return
of effluents as mine fillings) or absusrd, by reassumed export
of pyrite, seems not far from a possible revival.

After a period of certain difficuvlties caused by such a
decrease of exports and the impat of financial charges from the
investments that in a certain way were imposed tomost in schedule
a consumption that never appeared, thus not providing the
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Table XX: Main indicators of corporate performance for the
Aljustrel concession holder, Pirites Alentejanas,

SARL
1982 1983 1984
. 3
Share capital, 10 contos 1218 1218 1873
Reserves, 103contos 426 367 450

Capital and resves. 10 contos
("Networth”) 1549 1564 2306

Amortizations and
depreciations for the year,

103contos 137 124 293
Gross Resvults, 103contos

(vefore deduction of taxes) -31 10 15
Cash flow, 10>contos 106 137 353
Investments, 103contos 250 304 423
Gross Added valve, 103contos 454 548 809
Sales valve of pyrite, 103contos 382 581 890
Mining prodvctivits,

tonnes/man/day 4.19 4.83 5.76
Employees (31lth Dec) 740 706 680
Rem:nerations to the Personnel

103contos (inclvding all direct 244 279 323
remvnerations)

Social charges on remvnerations

(including subsidies and insvurances
payable by employer), 103 contos 90 110 133
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pecessary return, Pirites Alentejanas SARLentered in a relatively
stable performance, asper following main indicators (12):

However this sitvationis not tobe regarded as calm in the
medium term: with the availability of “floated pyrite® already in Spain
(by the flotation of complex pyrites for NF metals recovery) amd Son
in Portugal (by the treatment of cupriferous ore of Neves Corvo
with pyrite ma:rix), low value pyritic residues will de made
available in much cheaper conditions for the production of
svlphuric acid - and then svlphuric acid prodvcers will be moved
to employ such fine raw-material, in adapted units!, instead of
present coarse pyrite. Besides, the eventval erection in Portugal
of areasonably sized copper metalurgy . may well provide enough
sulphuric acid for domestic needs or for the more important

export markets.

This puts Pirites Alentejanas with a strong challenge, facing
already in a count-down procedure the risk of its own survival
The guidelines observed for turning around this crucial stage will
be described.

X. Personnel

As already stated, Aljustrel mines employ presently abt. 680
workers being the major single employer of Aljustrel area and ore
of the biggest employers in Portuguvese mining.

The reduction in the number of workers in latest years isdue

to efforts for racionalization, mechanization and increaded
b 3 ]

prodvctivity mine .

From the above mentioned number, 290 to 300 are envolved in
vnderground operations: from the remgining number abt 70 are white
collars, being the balance made vp by surface workers.

x That already exist in operation in Huelva (Foret S.A.) and
Calafas, province of Huelva, near the mine of3Sotiel (MASA - Mines)

xx The employment in histori~al times has been larger, by the
intensive use of labour required by bigger extractions of ore. In
191 the mine had 1986 workers and in 1927 "more than 1000 *(18).
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XI. Other concessions owned by Pirites Alentejanas SARL:

In the Pyrite Belt, Pirites Alentejanas owns some other miner

concessions to be listed:

- Herdade do Montinho, Ourique district Beja, where mining
activies have been suspended in 19€5 after minor operations:

- 7 other mining concessicns for copper in the "concelhos" of
Bveora, Viana do Alentejo ané 3eja, also with suspensed mining
activies.

As a matter of fact, Aljustrel remains the mining certer
where Pirites Alentejanas is applying its maximum mining and

develorment efforts.
C. Lcusal

I. Lccation:

near =rmidas, in Grandola, Setubal district.

ITI. Production figures orebodies and reserves:

Lousal procduces its pyrites directly for the use of the
sulphuric acid plants of his "mother-company= Sapec, in Setubal.
The recent purchase of part of Aljustrel production by Sapec,
leacing to an "increase strcngly marked in relative terms of Setbal
consumptions "for 1984 (12) may signify a certain reduction in
the cutput of Lousal {at least in terms of contained sulphur),
since the capacity of the acid units has not been increased.

Lovsal pr:duction may be deduced from the figures of total
pyrote production and Aljustrel pyrite production, in recent
years (only the two mines were then in operation):




Table XXI: Estimation of Lousal complex pyrite production

Year Lousal production
(approx figures
by difference)

lO3 tonnes

1975 155
1976 130
1977 103
1978 85
1979 8l
1980 49
1981 74
1982 46
1983 34
1984 43

The market reduvction of Lousal output seems evidenced.
III. Characteristics of produced pyrite

Complex pyrite with lower sulphur and copper contents than in
Aljustrel orebodies (except for copper, Feitais).

Sulphur contents between 39 and 43 pct and copper contents
between 0.6 and 0.8 pct are reported.

IV. Ccharacteristics of the orebcdies

Subvertical attitude Several masses have been recently
(1)

discovered such as
1966 Massa Antdnio (about 2 million tonnes of pyrite)
1974 Mass2 José and Fernando (about 4 million tonnes of pyrite

however demanding in the exploration of lately recognized reservesa
certainly large extension of mining works. For the descriptive
geology of the orebody, CARVALHO (l) quotes the works of STRAUSS,
that has been connected to above mentioned findings.

CARNEIRO in 1971, estimated Lousal reserves in 4.5 million torres



of pyrite - figurethat masses José and Feraandc, in 1974, couvld

make douvble.

V. Pvrite extraction and expediticn

Pyrite extracted in Lcusal is sent via railway to tr Setubal
consuming center. Lousal is connected to the railway network in
Ermidas (Grandola, Setubal).

VI. EnvelVed corporations

Tor how Belgian interests came to Lousal (as well as to
Serra da Caveira) mine, thescheme developed for discciption of
Aljustrel includes relevant data.

The mining rights o7 Lousal, as well as of Serra da Caveira
also in the concelho of Grandola (district Setubal), belong to
Mines et Industries S.A., a Belgian corpcraticn 1lCC pct owned by
*n: 2l:. T2vzian SAPEC (Société Anonyme de Praduits et Engrais
Chimiques du Portugal) Group. The SAPEC Group has, through its
mother society SAPEC, S_-tilizz- plants in Setubal:; besides Mines
et Industries owns a producing unit for tungsten-hardened material

in the north of Portugal (district of Aveiro).

Although theZe is no statement <¢f direct enpagement of SAPEC
Group in Tharsis (Spain), the report o Compafiia de Minas de -
Tharsis for the year 1984 mentions at least two (or three) name
of membters of the respective 3oard that bear also relevant
positions in the SAPZC Group (21).

VII. Commercial terms, data on performances

As already mentioned the consumption of pyrite extracted in
Lousal is 120 pect captive to SAPEC sulphuric acid production,
making a real case of vertizal integration (although reduced in

effects by the decrease of potential of Lousal mines).

The performance of Mines et Industries has shown negative
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raturn on gross assets for the pericd 1981-83: this dificult
situation combined with the trend of other rata and the
indicaticn of decreased operatimsin Lousal (combined with
increased purchases of Aljustrel pyrites), puts a 3uastizn mark
to the future of this mine, particularly if additicnal
investments are not carried on to provide the access and
explcitapnility of extra-reserwves (and even for the prospection of
other potential rescurces) or if the exploitation philosophy,
itself, is nct changed (vg. to provide copper concertrates

oroductiocn £rom “"stockwerken” as well as in Serra da Ceveira mina,.
VIII. Personnel

This situatioan is even more sensible to the fac:i that,
althovgh with a progressive reduction of personnel, Lcusal mine
5¢£3i1]1 remains with abt 2C0 emplcyess (£rom whizh 28 white cgllars).
csasidering an cvergll produciivity :inde:. (vearly tcnres of Syrite’
emplcvee) Lcusal is in the rarnge of 215 tonnes/men. . =2arina
1984, i.e. apt-only 41,1 pct of the same overall ratio

Aijustrel, for the same Yyear.

Besides, Lousal also faces the same risks for the consumer
develorment to fine pyrites thatwere already outlined for
Aljustrel, what gives to the examination of Lousal future an
accrued criticality in relaticn to the sitvation alreacdy stated for
the Aljustrel mine.

IX. Other concessions cwnecd by Mines et Industries SA in the
Pyrite Belt:

The mining rights for an historically important promising
mine in the Pyrite Belt, Serra da Caveira (in Grandola, Setibal),
also belong to Mines et Industries since 1979 (5). As a matter of
fact the concession of this mine was acquired in 1936 by another
society of "Sapec Group", Empresa Exgloradora de Minas, from
which were transmited later to Mines et Industries.
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Serra da Caveira was a promising site with remarkable vestiges
of primitive mining and smelting and that in the end of last
centurv developed a Jood deal of exgectations, with proposals for
a chemical-fertilizer complex in the near by Sado valev. However,
the activity of that mine never reached a notorious degree and
pvrite extraction was suspended in the early 40's (or even in 30's). -~

1.2.4.4, The C.P.P. oroiect

In the begining of the 70's, Portuguese Government took in a
favourablas regard the development of complex pyrites and decided
to begin efforts towards this c¢bjective through some official
departmer.ts, namely the Sines Area Authority (Gabinete da XArea de
Sines - GAS) - regardless of investigations and proposals made by

then private groups, 2as CUF and sapec*.

Scme tachrolccical processes were then investigated by GAS, as
well as scme other decisions were taken - among them the irruption
of the public sector in the negociaticn for the purchase of
majority in Aljustrel by Portuguese private int2rests. as
already meutioned (in 1973).

In 1976 after main nationalizations have been made and
conscious of t& gravation cf pyrite export decreases and getting
£rom pricr studie. . the procolem the outline of future prespects to
complex pyrite s the Portuguvese Government created a commission
under the Ministry of Industry, ther would be known by Pyrite
Programme Commission (C.P.P.) and whose objectives were to examine
carefully all issues of future development of Portuguese pyrites
and to propose suitable schemas for respective implementation,

This Commission, joining a staff from all main envolved
entities, submited its main conclusions to the Portuguese Government
in 1980 and was consequently dissolved in 19€2. During th.s time, it
developed a multi-face approach to the pyrite problem, with careful

x 2o strange was cach one of these lines to the others that one
official purblicaticon of that time blamed the private sector for
having propcsed turbulent layer rsasting technologies for pvrites ...
and that just wnen a turbulent layer roasting unit was start-up in
Barreiro!
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examinaticn of all aspects, frcm mining to ore dressing, pyro and
hydrometallurgical processing alternatives for produced fractions,
infrastructural regquirements, societary framework to implement tha2
projec's etc. Centered initially in the develcoment of Aljustrel
orebcdies, the discovery cf Neves-Corvo in 1977 and the firg:
- ideas about these new and promising resources every day evolying
‘ in a positive sense, brcught to the conclusions o CPP the needofa
-~ certain flexibility, to include in them the potential advantages

of the new resovrces so added.

A general description of C2P wcrks and methocclogy, with a
statistical list of processes :investigated and of international
internatiocnal support granted was made elsewnere (15, 19, 22,
23).

P —d - "-
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- develcgment of Aljust-al minme o an ye2erly exzraction cf )
million tonnes of complex pyrita, later to increase Dv a second
phase:

- a first ("prioritary"™) phase of pyrsite processing in Sines,
by Outskumpu's pvrite flash smelting process followec by
sulphatizing roasting of the iron matte (pyrrotize) so produced
and recovery of metals:; iron resicduve would be in suitable
conditions to send to the iron works as iron cre: sulphur from
the pyrite would be cbtained part as svlghuric acid, part as
elemental sulphur:

. -~ the incorpcration in this metallwrgical complex of a 50,0C0
tonnes/year copper cmelter working with Neves-Ccrvo copper

. concentrates (the resourzces known up to then would not afford
bigger ca acities and the economical interest of that smelter amd
refining would arise from its integration in abigger ccmplex, then
sharing advantage asly certain common infrastructural facilities
and premises):




- a second phase, ther would envolve pyrite flotat:-on for the
ootention of non-ferrcus metals concentrate
bulk, or bulk, with separaticn of a low-value pyrite concentrate
cr floated pyrite that could be used as regquired for sulphuric
acid production, as well as of suvitable metallurgical processes
for treating these concentrataes vp to the marketable metals (22,
57).

3y all the extensive testing carried con, that included all
the relevant technical aspects known at the time and the -
collateration of industrial and research entities and development
of promotial institutions in Sweden, Finland, Prance, Canada,
Norway, Spain, F.R. Germay, U.K., France, U.R.S.S., etc., envolved
Por tuguese technical staff got a particularly broad knowledge of
the °state~of-the~art® Zor suitable tecancliccies at the begining
of the 80's.

An estimate for the overall project, with inclusion of
provisions for the production in Neves-Corvo mine was disclosed
in 1982 together with its technological description and analysis
of obtained products (l15). Respective anticipated levels of
production are reported in the table of next page, The
metallurgical complex foreseen for the lst phase whose diagram
is given hereunder, was self-producer of energy, recovered from
the generation of steam, up to an yearly level of 344 Gwh (16).

The foraseen time schedvl was (in 1982) the f:sllowing:

Mining proiects foreseen start-un date
Aljustrel mine developments 3@ Quarter of 167"

Corvo new mine and concentratizn
project: copper ore end of 1986

bulk ecsrcentzates” after 1989




Chemical & mezallurgical

projects
copper smelting and pvrite
complex (lst phase) 3d Quarter 1986
.. Bulk concentrates processing after 1989
-. There is no need to 2=ohasize how optimiziic this schedule

was, even in what concerns Neves-Corvo mining projec:t now
envisaged to procduce copcer czrcentrates in the second half of
1988,

The magnitude of estimated investments in 106 PTE (1980 terms)

was stated in foilowing amocnts (23):
= Mining proiec:s
. Aljustrel 1lst phase ..cc.cee..e.. 3,5CC
e COZYO ceececnacens cemscne ceveve 7.3CC
- Chemico-metallurgical projects
. Pyrite (Sines, lst phase)...... 1%,5CC
. Copper smel'er
€0.CO00C tpv =-pper
integrated in tke

complex ....ccc00v0ee... 65,000

In connection to this programme (24), several measures were
taken, namely the incorporation of EMMA in the end of 1979 (26},
the onset of mining wo~%a in Aljustrel, the extensive testingof
processes in Finland and Spain for lst phase of metallurgical
wor:s (i.e. the pvrite £lash smelting and metals rec:very) in
198C-8L the performance of tests in most represerncative ore
dressing schemes and hydrometallurgical processes and the
decision of bwilding a flotation pilot plant with suitable

dimensicns in Aljustrel.

However, in 1981-82 all the lst phase of the plan would be
*frozen"by a set circumstances, namely the financial situvation
of Portugal, the different gcvernmental priorities (by also a

~ differenrt Government, (23), (21), the stand-still of the




Table XXIA:Foreseen production levels for the overall project
in tonnes per year except unless indicated

ALJUSTNEL HINES IEVES=-CORVO NMINE
lst expansion ° dnd expansion
Current production [ {sddit, productionifl{addit, production) Production Torecast
A - Mlning area o 1000 000
Run of mine (T/A) 400 000 728 000 1 00 000 " .
Copper’ Concent, |Pyrjte Concent,
D - Processing areas

R.)l = Hetals

nurlfial hacmatitic . |

oro 340 000 350 000 '

Copper 4 000 . 6 650 02 000 2 %00

tinc 11 000 180 o0y - 4 000

Lead - 7 950 - -

cold (kg) - ) 363 - 120

silver (kq) - 20 000 26 000 9 000

Cobalt - 120 - i 7

D.2 - Chemicals |  max, possible

- |

Sulphuric Acid €00 .000 815,000, 335 000 | 430 000
'

Sulphur - 5 000 ) 77 000
'

REMARK 1 Foreseen praduction figures, as given hore sbove shall bo.regarded as sdoditionsls to present current productions,
It must bo undexstood that, during the 1ife of an ovarall programme of tnle slse and chacactesle~

tice, savaral modifications may he produced Ln current production lovolo.

also roporcted,

' Sources

(15)
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PAIP Programme:
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siderurgical expansion and of the iron ore project of Mencarvo,
district of 3raganga (withpelletizing unite in Seixal, district

¢ Setuytal, to which the fire purple ore of the PAIP lst phase
would be added) and the prevision of depressed valuves for metals.
As a result, Pirites Alentejanas would have to face their partial
envoivement in investments for Aljustrel getting no pav-back,
ané substanc:ial part of the "netallurgical M" of EMMA would hence

"y

be torn out, contributing to the changemen:t to EDMA cf its
designation in 1982 (27). Simultaneously the "National
Metallurgical P! an” foreseen in 1979-8C at Governmental level for
basic non-ferrous metals cdevelopment in Portugal (in connection
with the compenents of the PAIP project i.e. Aljustrel, Neves-
Corvo ané Sines) has also been plainiy shelved (25).

Several ministerial instructions, at the end of 1962, brouch:
acain scme interest to these pending prcoiects: however their
imgact cnlv had effactive ccnseguencas uzcn the develozment <
Neves-Corvo and its connection with the prozcsef copcer smelter

project (28).

Some positive contributions remained, hcwever, from the CPP

worx ané PAIP project:

- a gcod knowledgce of advancec “echnigues in obtaining frem
complex ores and treating vnconvencional concentrates, such as
grinding, floating and carrying on hvdrometallurgical and
pvrometallurgical processes:

- an increased cagacity for the cutput ¢ Aljustrel mine, as
well as a clearccnclusion on the neeé £ facing wikth alternative
solutions the "fatal"” competition that floatad pyrite £rom Corvo .
would inevitably bring to the classical vse of complex pyrite in
the "sulphur cycle”, i.e. for sulphuric acid production: -

- the concentration of actions in the Neves-Corve and Aljustrel

projects, now turned to be, togetber, the main new ventures regarding
non-ferrous metals in Portugal.




.4

1.2.4.5. The develorment of 3 Zlzctaticn arscess for Alsustral

Resuliing directly from the last conclusion of grior item,
Pirites :slentejanas, (concessionary of Aljustrel mines) and ZDMA
remained well avare of the risks pending on the classical output
of complex pyrite. The search of an alternative solution for
Aljustrel complex pyrites, in the line of the 2nd phase of CPr's
proposed project, i.e. by removal and concentration of non-
-ferrous containing sulphicdes from the basic matrix cf pyrite, was
then envisaged - and decision was takern by the board of =OMA to
built a flotation pilot plant in Aljustrel to meet £ollowing

oo jectives:

- reproduce in a svitably large dimensicn the tests already
carried on” for complex Aljustrel pyrites in foreign tacahnical

institutions cr crerating ccmpanies fcr the C22 o

- tast new methcds for that same ~urzose:

- apply to the grinding and dressing of oresfrom o:her
origina, such as for instance Neves-Corvo, othker mineral materials
from the Pyrite Belt as .well as fzcm cther origins {thus providing
specialised services):

- produce cf sampies for metallyrgical testing:

- create a  technical staff with specialized skills in
Aljustrel for the ore dr2ssing area.

All these objectives seem to have been acceptably me% or even
surpassed by the pilot urnit decided in the end of 1230 by EDMA
and that stated operations in August 1982, with a total investment
of 225.10° PTE (1982 basis) split as follows (29):
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Table XXII: Split of investment for the Alhustrel ore
dressing pilot-plant {(valuves 1982 basis)

Portuguese Non-Portuguede
deliveries deliveries
103prE 10°PTE
.Buildings and civil works 29,000 -
.Equipment and assembly 29,000 108,000

.Services (studies, engineering
supervising, insvurances,
formative actions tothe
personnel, financial

charges) 43, 400 15,600
Total ® o5 ®0 PO Oee oo lol'm 123.600
(45pct) (S5pct)

The description of this plant was completely made by FERRAO (29)
but a brief resumé will be made here:

a). purchase of engineering and egquipment double bidding
procedure similar to that prescribed by the World Bank guidelines
(although the World Bank had no part in this development) but
without open prequalification; detailed ITB's were sent to 1l
representative potential suppliers.

b). supplier selected: SALA International AB, Sweeden.

c). plant capacity: 2 tonnes/hr (feed) for bulk flotation
1,5 tonnes/hr (feed) for 2ifferential flotation
(dimensions imposed by the miminum size of the grinding equipment
to afford svitable scale-up, particularly for the autogeneous
grinding).

d). plantoverall dimensions (building): 31x22m

e). capacity of the tailing pond attached (800m far from the
plant): 20,000 cubic meters.

£f). material feed: the ore is receiveZ ir a park, transported
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into lcrries:
a preliminary dimensional classification may take place:
3 bins fed with frontal payloader:
extracticn from d%ins by belt conveyor, autcomatic controlled

by weight,

g). gzinding:

1 autogenous mill ¢ 150Cmm {suitable to peoble ailling)

1 pebble-mill @ 12CCmm (suitacle to Dall or bar-millixg)

1 ballemill g lcCCmn

2 regrinding mills

p0ssible cperation for the primary grinding to cperate in
closed circuit with type- X-»>pvhshydrociclones, fad by variable-

-speed puaps.

n

anc ovtskumps tyT

rsagent addition with 2utomatic ccntool.

jeae
L

. thickening and filtration:
traditional thickeners

SXLA lamella thickener

vacuum £ilter, drum conventicnal type
pressure XURITA filter

i i ™)

~

. contrsl egquipment; analytical equipment; testing labt

(WP B

eguigzment.

K). €laxible connection by reinforced rudder hoses, ©o

' provide to the plant all reguirec flexivility.

: 1). erection schedule:
invitatizn tc bid Decembex 198C
apprsval cf contract September 1981
financing agreement aproval November 1981
begining of civil works (foundations) December 1981

begining of the building structure Febrvary 1932
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main foreign egquipment arrivals March/april 1982
begining of mechanical ereéection April 1982
begining of electrical erection May 1982

end cI mechanical erection July 1382

end of electrical erection August 1982
startup operations & commissioning August 1982
cfficial inauguration November 1982

m). £inancing: inequal proportions EMMA self financing and
external debt; included in the external dedbtis e financrg of 85pct
of supplies and services from SALA by Scandinavian Bank Ltd. of
London.

The results of extensive piiot plant trating, carried on for
2irites Alentejanas with Aljustrel CSOmplex pyrites in the
describeé pilot plant, have already brought ts scme dacisive
ccaclusicas on its diffsrential £loatability, that based scme
recent grospectivas for livnching an indepencdent Aliustral projiect
(14,3C)ssee tab.e XXIII in next page.

The Aljustrel ore could therefore ke considered as suitable for
the route of differential (cr selective) flotation as has been
proposed and put in practice for other ores in the Pyrite 3elt
(Sotiel, Aznaleollar), and hence nct restricted to the limitaticns
of bulk flotation and semi-bulk flotaticn in which lab tests
performed Dbefore the operation of the pilot plant pro;:oseci to

confine it.

This allows a new philcscphy for Aljustrel operation that,
according to MOURA E SILVA (20), shall met follcwing criteria:

i). the recovery of basic non-ferrous and precious metals,
with special reference to zinc and silver makes the basic support
for the valve of ore treatment:

ii). the ncn-ferrous metals concentration procecdure
shall provide, as a first-in-priority requirement, the economical
productior. of marketable products.th¥s affording to the mining




Table XXII1T:
Results obtained in Aljustrel ore dressing pilot plant for
the differential flotation of Aljustrel complex pyrites

Contents Yelds, pct
weights Cv Pb Zn Ag Cu Pb Zn Ag
(pet) (pct) (pct) (pct) (pct)
Pyrite fed 100 1.19 1.33 4.10 41 100 100 100 100 '
Cu concentrates 4.15 20.88 3.58 2.80 130 72.8 11.2 2.8 12.5 <
Pb concentrates 1.94 1.40 | 30.14 5.44 750 2.3 44.0 2.6 33.8 ‘.‘
Zn concentrates 6.88 2.12 1.35 48 .00 63 12.3 7.0¢ 80.6 10.9
Pyritic residves 87.03 0.17 0.59 0.66 22 12.4 38.6 14.0 44.5
Minor elements:
Contents

Sb As Ni Co Bi cd Hg

% % % % % % %
Cu concentrates 0.37 0.18 70 140 410 51 60
Pb concentrates 00.05 0.40 18 100 1200 | llo 140
zn concentrates 0.03 0.20 15 60-19 170 900 770

Sovrces: 14,30
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activity the maxinumindecendence in relation to the market of

industrial operations:

iii}. the eventual utilization of pyritic residuves for the
rxduction of sulphuric acid and/or elemental sulphur shall be
essentially guided by che market of these prcducts and by the
competitivity of its production costs, in the base of a zero-
-value (or even negative-value) consideration for the generated

pYrite cinders:

IV). the possible interest of the impure pyrite cinders is
simultaneously determined by their content in iron ané in
impurities, what restricts their use under present conditions to
cast-iron producing processes leading to a prodvct with guality
only compatible with a limited s2t of applications:

according to sbtained resvlis, a first evaluation 9f Aljustrel
by a well-known mining engineering company and will be proposed
very soon. Following contours for the Aaljustrel project were
recently disclosed by Pirites Alentejanas (19):

project is being presently submited to a techno-econcmical audis

I. pyrite extraction: 1 million tonnes/year f£rom Moinho mine.

II. praducts

qguantity ccntents
tonnes/year
copper concertrates 25,Ccc 2C% Cu: 150G/t Ag
zinc ccncentrates 55,0¢C0 43% Zn
lead concentrates 20,¢CcC 25% Pb: 50Ng/t Ag

and also 9CC,C00 tonnes/year of residual (floated) pyrite with 47%
of s, frcm which €00,000 yearly tonnes will be in condition of
direct supply to sulphuric acid/fertilizers producers.

III. starting up date: foreseen for 1989-90.

6

IV. investment: 5,800 10 PTE (1985).
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6
V. exgected sales value for precduced concantrates: 3,C00 10

PTE/ye2r t5 be increased with QCO.IOGPTE{Year from the supply of
2C0.CCO tonnas of cca:se pyrite to Quimigal and Sapec. if that

supply follows.

w2 . required personnel: 150 workers.

1.2.5. The Yeves-Corvo mining asrotect

1.2.5.1. The discovery of Neves-Corwve oreocéies

As already menticned in item 1.2.4.3. where the evolution of
corporation acting in current pyrite mining was @escrived) in the
year 1972 active exploration was sStamted in the Alentejo region
(3eja district, mainly), within the Pyrite 3elt, by an

associa-ion formed Dv the Portuguese ccrperaticn Z.M.3. 3cciedade

y < ~ = - - =3 TN e - o> - - :
Minelira &2 Zantizagz, then 2L CUT Greoep, eang tha2 Franch Jompagnies
- i 20l SVDewSas [ - - s T aleams s 2 I Soaoy)
Scciate 2'Zhtudes, Recherches et Z'IZrplrltatlcon: Minlaras (SERINMG,

cf the 3RCGM antrepraneurial Group,., ans Scciecdacde HMin2irz 2
Metalurgica de Pelfarcscya Pertiguesa
falthcugh its Porituguese designatizsn ané incorpoozticn law
directly attached =z the Sociz£té Miniidre et Metallurgigue Ge
Penarroya ané therefore to the IMSTAL Grsup. The contract cf
prospection ;nd exploration was settled between this Asscciation
and the Portuguese Generzl Directorate £2r Mines (then Tax3G

- Direcg3o Geral de Minas e Servigos Geoldgicos), £rom the
Ministrv of Economy (that included the direction of industrial
and mining activities), statiag a 3plit of investmen:t in the
range £C:4C raspectively to the French and Pcrivguese associates,
as well as a set of other obligations, incluiing the requirement
=f inccrperating a mining ccompany for the exploitation of
any everntu 1 finding with proved economical interest. According
to the Portuguese law then prevaiiing® such a company for the
exploitation of mineral resources only should be incorporated if
with Portuguese majority ian the distribution of shereholder's
equity.

The changement of stats3 c¢f S.M 3. by its nacicnalization ipn
1975 has also been repcried. However this fict would not change

2 and still not changed
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the relatior ¢” -articipants and their activity within the .
Association an. a3 a revard to the large amount of effort done in
a wice araa and with several prcspecting meticds including drilling
to depthes up to then unconventional (according to a re-reading
of geolcgical data) Neves-Corvo crebodies were first towch in
May 1977 in the ccmmon borderline of the "concelhos” of Castro
Verde ané Almodovar (district of 3eja).

Data collected up to the end of 1979 could prove, with a
first feasibility assessment, that the Neves-Corvo finding had a
strong potential, and hence a "Preliminary study on the Neves-
=Zcrve Exploitability” was forwarded to the Portuguese Government®
by the Asscciation in Februvary 1980. This would open the
neccciations for the incorporation of Somincor - Sociedade Mineira
de Xaves-Corvo SARL (32).

A ful! chronclogical seguence ol Neves=Corvc Iinding and
development is given by CARVALEC (32), as hereunddcr reproduced as

well as a description of the geological aspect of thac £inding:

i95C=66 - zhers-cout jeocXkgical recognition: geophysical coverage
(electrical methods) by the Servi¢go de Fomentc Mineiro (Mining
Development 3Service) of DGGM

19€6~70 « Gea=lsgizal 3tudias by "Mining Explorations
Inrternational” (with no resuvlts, works have been abandoned by M.E.I.)

1970-71 - Gravimetric and geochemical coverage by the Servigo
de Fomento Mineiro. Detection of the gravimetric aicualy
correspondéing tc the orebodies.

6th June 1972 - signature of the contract fcr prospection and
ex;’'oraticn between the Association (SMS, SEREM, SiMPP) ard the
Portuguese State, represented by DGGM, for a period of 3 years
proroyable by three suressive period of 1 year each, and covering
an initial ar o©f 4000 sqg.Km.
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29th Januvary 1973 /Marcn 1973 - Begining and end cf first
driiling (N1; vp to the depth cf 244m, with negative.

1975 - Nacicnalizaticn of SMS ané of CUF
1st april 1977 - Begining of drilling N2, 3Cm £3r from N1

15th May 1977 - N2 érilling cuts mineralizaticn (complex

pyrites rich in zinc) between - 35Cm ancé -4C3m

1st Ccizber 1973 - 2nd of CV1 drilling, lkm away Zzom N2,
that cuts45m of massive sulphidss,including 15m wicth 7,4 pez Cu

content

12=<h Sune 1272 « New contract fcr prospectizn andé exsloration

4
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tetween the Asscciaticn and the sStatez
pericd of 1 year, and gparticularly

(27

prarogable by a2 secon

: 4 v I . e = ; =1 3 i s emm T vy
including the aree inie wiich mineralization was ZIosnc.

1978-8C - Intensive érilling campaign allcws Z2r a Tatier
P

kncwledge of the oreocdy
24tk Decsmdbar 1979 - Incorporatizn -2 ZMMA - Emprasa Mineirae

Mecalurgica ¢z alentejo, Z.P. (1CL% owned Dy tha 3tatz) that
succeeds to SMS.

Tecruary 1980 - The Associatisa <£f:rwarés to tha Government

(A3

the Regort "Preliminary Study on the E:xploitadility of Neves-

=Corvs orebcedies”

24th July 198C - Incorporation of Scmingor - Scciecdads Mineim
de Neves-Ccrvo, SARL, with 51% EMMA and 49% SERIM+3MMP (in equal
parts)

4/5 Avgust 1980 - Demand by Somincor of 14 concessicns xvering
th2 full arza Neves=Corvo - Graga - Zamoujal

3C August l28C -« Publication of Scmincor by-laws in the
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cfficial paper "Didrio da Republica”, III Séries

4th September 1980 - lst General Meeting of shareholders of

Scmincor with designation of the 3card and 8Superviscry 3oard

17 Suly 1981 - Publication in the Official Paper, Diidrio da
RepUolica, III Séries,of the titles for mining concessizns

18 Novemoer 1981 - 3egining of the mining works for access

to the oxebodies: bYegining of the samp access
2C Jarvary 1982 - 3Segining of shaft sinking
1982/19€5 -~ Project construction

1286 - (n2ow 1988-89) Foraseen sroject start up with cogper

ccneantractas preductien.

To this complate chronolcegical inlormation, onlv small

comments or comglements ate to De acdced:

- tha second contract for prcsgection and exploratiosn, in
seguence to tha first, included clauses on royaltees payable for
futureexgioitation of the orevodies, with differentation of
royaltees payable to extiracted copper ore and to complex ore
(this ones also submited to the condition of its economical
treatability):

- with the demand of the concessicns, also a new demané for
a cecntract cf prespection and expleraticn was presented 2y
Somincor. This contract was granted ané Scmincer still pursuits
active drillinc operations not only in the concessioned area
{where new fincings are to be noticed but alsc in the thereby
contracteé are:.s.

- a provisional protocol of Foreign Investment, between
Somincor its shareholders and the Portuguese State (represented
by the Institute of Foreign Investment) was signed alsc the 24th
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culy 19€C. This protocoal gave place to the Investment Contract,
signed the 2lth December 1981 and that gave the indication of
the cbligation of the parties and of benefits GTanted for that

irect foreign investment in Portugal:

= the averallschedule of the project, as well as the general
contrac=2d8 obligations =£ Somincor, inclucde the obligation of
also exglering the complex pyrite ore, also pmsent in Neves-
-Csrvo in substancial amounts. Firs® shedule provided Ir complex
develcpment and start up of exploitation of zinc-bearing pyrite
vp to the end oI 1920 (i.e. 4 years later than the ccoper
expgloitation). These time-targets, have Deen cptimistic and
copper ccncentrates will be produced only in 1988-89: a
correspcnding postponement is =c be axpected alsc f£or the complex
ores.

aAr fivst disclosurss af:isr thnlis discovary (13,32, Yeves-

~Ccrvo cratcédies were descriced as "<
Neves Cor-c, Graga and Zamouial - ¢i irregular contlur, within
on area of about 6 sg.km., (...} having a sud-horizcntal attitxe
(from 1C to 252), at depths relative to the surface ranging from
3CC to 70Cm and with maximun reccgnized mineralization
thicknesses of 5Cm (Neves), 8Cm {Corvo), 9Cm (Graga) anc 5Cm
{Zambujal), These orebcdies includeé three tasic ore types

. copper ores:

. complex pyrites:

. czude pyrite (with ovarall amount
of Non Perrous Metals -Oower an

2.5 pct)

being pratically all these three types of ore present in each of
the individual masses,althcugh in different relative prcportions.

Geclogical reserves disclcsed in the d of 1984 (3€,41)

were the fsllswing:




ccpper ccntamning ores 6.8 millicn tons with £.84 get Cu
complex copper/zinc ores 8.3 million tons with 4.87 pct Cu
2.33 gct Zn
complex 2zinc ores 32.9 million tons with .43 pet Cu
5.71 pct 2n
1.49 pct Pb

as well as impcrtant amounts (abt 5C million tons) of czude
pvrita (under 3.Spet total NFM adt 48% S). Geological reserves
are to be undezrstood as identified reserves, withcut recovery
yelds and dilution criteria used to determine explorable reserves
(41).

The importance of exploration works carried on by the
Asssciaticn up t2 the inccrporation c¢f Scmincor may Se Z2escribed
b zn entira @nghtci SC CCC metres, with 1
gecicgical cartography, 32C sg ¥m s gravimetzis studiss ares,
23 Za elecirical profiles and 124 k= magnetsmetsiz  gprsfilss

32} ané by an overall distursement of abt 420.10° 27T (in 198c
3s

In 1983 the ootained reserves were evalvatac after 13§
positive érillings and 249% meters of intersection wizh the ore.
In 1984, 4C drillings were alsc carried or {23 from the
underground works), in a total cf 13,071 meters (41:.

- oo . -+ i.- re ; - . io - -9 r'a
1.2.5.2. The incerzoration of Scmincoczr (1580)

vescripticn already macde frequently refars £9 the incsrperzon

(%)
"

Scminczr in 1920, after rnegociatizsns Sestwean ZMMA ancd its
French partners, with presence cf -sprasentatives of the
Portugreses Ministery of Industry and cf the Instituts z£ Foreign

Investmens (IIZ).

AS alsc menticned, these negociaticns were closed the 24tx |
Suly of that same year, with the estadlishement of Somincor by-..
~laws, the decisicn of demardng the mining concession and of the
application for a contract to pursuit exploration, and thae
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iignature of twoc protacals, cna refering to the relations between
carmers the other tc the granting ofbe nefits and the precision

fduties by and towards the Poriuguese tate, representad y the
IIZ. This last protscsl wculdé Te replaced by the formal contract
near the ené of 198l1.

Not entering in details, scme of the grinciples regulared bv
the partner's protcccsl were the following:

- raplacement of f£irst Agreement (6th June 1972), with £full

transition of rignts, obligatizns and assets to Sominccco:

- agreement on the incorporation and by-laws of Somincor
(estadlished with an initial sharehclcders capital of 7¢c.1c8 prz)
and cn the properticns cf gparticipaticn ~f each sha-ehcliar:

JoRe ke S pct
——v.\—w;‘! - A s - b

D Deavee

- a4 =
3wz e=es pCo

- rules of preference in shares transmission to third
parties, stating no preferance rights of the French sartners for
&y Tarsmission Pertugrese/Pirtugrese dut Wwith prefarznca of the
Portuguese partner in the transmissicn from any c¢f the French
Partners to a third pasty i that pasty makes aot part of the
respectiv: Group and binding cf eventual thiri parties to the
protocol:

- constitution and perfcormance rules for the 3ocaréd of
Director (4+3 members), description of the specificduties cf the 3
memoers of the executive commission (President and Financial
Director, to be appointed by the Portuguese partner; Industrial
Director to be appointed by the French partners); decision
covered by minority protecticn;

- ryles about expatriated personnel at the service of
Scmincor (namely its progressive reduction), and of tachnical
support and assistance to be supplied to Somincor by French
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vartnhers:

rules abcut the indusirial ané commercial golicy cf Somincer

namelv the follcwing general guidelines (32}
i - altain as guick as pcssitle the przcducticn targets:

ii = raduce the technical risxs connectec to the exgloitatimm

of comgplex 2ares:

e
)o-
}as

- integrate the cverall prcjectin the Nationail

Metalliuvrgical Plan (see referance uncer 1.2.4.4.)

1V = exploit as much as possitle the resources oI the

crgosdias, having in mind I1ts coptimized tiilisaticon S
sre Zressingc (zarrial :m lzcal oo c:ihaer concenzation
slanizs) wizthin cthe inmt=nt =22 an oversall indusirial
rationaldy and the priccity oI Sonincss intarast:

- industrial obiectives of Somincer, in connection with adove
menticned guicelines and refering nct ofly o copper ore but alsc
to complex pyrites, these cdegending frem precess developments fcr
its processing ané reguiring a certain ccastitsticn cf reserve
£cr respective D if required:

- @afiniticn of czrmercial policy of Scmincor in order tc
obtain, at the sutlet of respective facilities selling conéitions
nct under thcsepresvailing at the international markats Zcr such
preduct with deduction of £-eights up ts thcse markets and taking
in=> acecsunt all other econcmical and financial cempznents in tha
formation of prices (if international conditions for pricing are
not praticable, Somincor will look Zor fo*‘nulae transponidlie by
adaptation to its products’:

- prinrity in the supply of Portuguese metallurgical planis:

- rules for the demand of offers from traders outside Portugal
including those pertaining %o the Groups represented by the parties
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Sut alwavs keeping the principles of Zair competitivity:
- willing of French partners to examine the posibilities for
having participaticn in the metallurgiail units eventually to
create in Sines;

- set vp of financial st-ructura of the project:

- settlements . between partias Zor the comgensazizn of made

exgenses in cifferant proportica:
- general regulations and hardship clauses.

Ccae o the exploitaticn grianciples stated in The Partner's
ccel (and in the Pertuguess mnining law then pravailing),

7

-
ot

(V]
(9]
ry

- e & - b ] . 3 % L }
2 ch as the prafaranc naticnal smelters and the Zsvalogrant
-
g

v

£ - . - - =
2£ eomplax s-as, wera2 alss menticned

[

. . . .
In Lhe Sncessisoh kL

et In~-:ztzm=2t Zontssct signed in the seguence z£ accve

thy
(44

mentioned protocol reproduces scme © he conditizns therein

contained and sets for others, such as:
- euvclurion of state capitel (minimal figures) up to 1986:
- prcduction minimal targets:

1st prase (198€-1989) - 1 million tonnes of ccpper contain
containing ore "Corvo type"” tc cbtain in principle 20C,CCO
yaarly tcnanes of£ coacentratas -—crraspgending to apprex. 50,CCC
tcnnescf crnpper and act 16 tcnres 2£ 3ilver:

2nd phasc (1990-2CCO) - 1 million tonnes of ccpper
ore as per atove, plus 1 million tonres of complex pyrites "Neves
tyga”, = sktaia in principla 16C,C0CC ysarly temnes 0f buld
2zncentrasags corrasponding ts zpprsx 45,0CC tinnas £
of

- & g
zonnes of zczper znd 23 eonass
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ré phase (2CCl-2Cl7) - 2 million tonnes of complex pyrite
cres corresponding to 270,0C0 tonnes/year of concentrates and
7C,CCO tonnes zinc, 14,CCC tonnes of copper , 8,CCS tonnes of

leaé@ and 55 tonnes of silver,

thys granting to Corvo and Neves the minimum explcration
period cf 15 and 28 years (as already repc-ted, a certain delay

has to be presentlv consicdered for this schedule].
- objectives and its evaluation f£cr each partner:

-~ fiscal incentives awared according to the then prevailing
Portuguese law (34, and other Portuguese State obligations:

- dispositicns on external financing:

- necessarv rzlaticn Tetween targess and incentives:
investment £ollow-up: cocrtractual times: force majeure,apslicacle

law and hardshis clavsses.

1.2.5.3. Th=e cession of foreicn zarticinations in Scminccr

(19€4/3)

Up to 1284, no use has teen mace oI Prstoccl and Contractual
clauses o transfer of property cf the shares in Somincor, except
for the full transfer of Serem titles fo Ccframines - Compagnie
Frangaise des Mines, also member of the BRGM Group and therefore
giving no prafersnce to the Portuguese partner.

However in October 1984 the French partners in Scmincer
entered in an agreement with RTZ Metals Ltd, from the RTZ Group,
establishing the terms of transmissicn of their entire
participation in Jcmincor and asked tc the Portuguese pariner
its position regarding the exercice cf preemptiocn rights and to the
Portuguese relevant Avthorities theirapproval to the transfer of
rights (23).

The Pcrtuguese Government decicded to proceded o a prospectiam
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in the international market, having in view the study and
appraisal of other opportunities to place the investment
participation detained by French corporations - however not
getting enough results to decide ctherwise than instructing Edma
not to exert its preemption rights and to agree to that
transmission of shares, after the agreements set forth with the
French shereholders were revisec "vnder the exzerience

got in the develcpment of the mining grcject”, as well as fcor
intrcdvucticn of several mcdifications in localized zvasticns,
such as the provisions of fiscal incentives (to adapt then tc

the results of negociations oI adhesion of Portugal iz ZEZZ). The
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contractuval text was alsc adapted to the nevw ci

Therefore, with the purchase ci that <3 pct particization ard

the apprcoval of the new contract of investment, a new prcotoccl has

)~

been also estatlished between partners tc cover the fsllowing new

share-cagital distribution cf Scmirncor:

51% Edma

493 RTZ Group, represented by Tintc
Investments Bristol Ltd and with &
representative participaticn RT2
(Metals) LimitedX®,

In the contractual terms newly settled (August 1985}, the
sc edule prcposed for the mining project is the follewing:

- copper containing ores: ore dressing start-up with
production of concentrates ccmmercialy saleable in the 4th
quarter of 1988. and attaining a treatment level of nct under 1
million tons cf extracted ore in the 4th quarter 199C;:

= Recently RTZ (Metals) and Tinyo Investments Bristol incorporated
in Lisbon and in the proposition of 9:1 in share capital of S0

million PTE, the company "RIOMINAS - Servigos Tecnicos e¢ Financeiros

Lda, whose specific purposes are the supply of technical and
financia‘ services to mining corporations®(44).




- ccmplex pvrite ores: considezing the studies :o undertake
crove the technical, economic ané financial feasibility of this
exploitation, Scminccsr will start the treatment of such cres 3¢
monthes after decisicn (as well as altain maximvm level

crcduction in 48 monthes).

The purchase of the French rightis ia Scmincor was a
contmm versial fact not well understccé in France (36), deepiy
commented in the Portuguese rpress (4C), as well as in the
internaticnal reviews of the speciality (37, 38, 229 amcng others).

The main cobjection raised in all the prblished ccmments rema:in
in an eventual "suffocation" of the attempts to develcs a
Portuguese based smeltern by exporting the copper ccncentrates %2
Hyuelva, Spain ané inc:easing the capacity of the cocpper smelter
there existing, owneé oy Rio Tinte Minersz (4% gct 2T, 42 pct
Szanish UERT! ancd that needs the imger: =I 3ot 238
ccncentrates Ircom external scurces (namsly, RTZ Sravp sar
mines in Bovugainvills and Paladbcra). With the purchase o 3
and replacing by Pcrtuguese concentratas current supplies frcom
other far-plazed mines (to Huelva and/or other smelters in Zurope)
an increase of capacity in Huelva ané an optimized ccnecesntrate
distribution in alternative {ancd perhaps nearer ] mackets is a
conceptial idea suggested by those racent comments and perhiaps not
tc éiscard (4€), albeit the preference to local smelters remain in
the newly-agreed formal texts

1.2.5.4. = The Yewves Corvc Praodiect

The main features of the Neves Corve Project have already
been mentioned in prior descripticn and therefore this section
nly will report other elements collected f£rcm available
sources (33,36,44), giving scme general asgects:

ore production (lst phase) 1 million tons ccpper ore

(Recort 1985 of Somincor mentions the possibility of an
increase in this production level up to 1,3 million tonnes)(9l)




eguivalent copper contant

£orl million ton ore
cut =£f considered in 1982(33)
initial investmen (lst phase)

sces:tion cf the shaft sinking
st December 1984
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(26): c3t and fill,

70,CCC tons

257.8

2 pct Cu

millicn USD (lo83
basis)

473 m
$3C m(eventually 7CCm)
5 meters
3 millicn tonnes £
ore/year
23447 m (lav=l - 2CCm)
Cm (levael+llC )
2
T a
lae
-:&

varti=al slices

hydraulic £illing

concantration yeld (copper)
(33)

csatent ¢f copper in concentrate
(33)

water supply to the ore dressing
plant

above

abt

v eq b
o e

eC%
25%

2x106 cubic meters/
/year
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transpors o2f ccncentrates:

by truck up to de railway 3CKm
by railway up to the axport
cr smeltar point: Sines {90Km) or Setubal
(1 20km)
flotation (ccgper) in.t§§ting very time
srinding nezzsszsy
“achnical avudit in pregress
perscnrnel (fozeseen)!3€) lst phase: 308 underground

78 surface

royalties(3€):
C.5 pct of the valve of praducts (at mine premises)) for

the Mining Dsavelcpment Fund

+ T. - e - - = =
3 oct cf£ tha value of pracducts or cqneartratas Io- the
g - - - = - - -\
Stats Irxeduced tz 2% 1f complax sulghiles) cor

(9]
9]
)
1)
or
({13
"

19 pct oF lig:oid prsiit £zom =

taxes, if abocwve. that amount.

A more de:ailed description and references to Neves Ccrve
project are available £rom other sources (33, . . Relevant data
about the mining project were also published with 3Scmincsr's repors:
1984(41).

With the concentration of copper ores by flotaticn from pyrite-
-matrix rich copper ores, a significant amount of by-produced
floated fine-ground pyrite will be simultanecwsly available - that
(together with the availability of floated pyrite also frem
Aljustrel project) may well contribute to change present patze&n of
Portuguese suvlphuric acid productn £rom complex pyrites as
alreacdy mentioned.

1.3, XNickel
No nickel primary resources are reported for Portugal. A slight

reference is made to geochemical anomalies (2) and to the interest
of investigating nickel in connecticn to basic and vltra-basic




1.4. Lead/Zinc

dith the shut down of Terramcnte mine apbt 1973, by exaustion
of reserves, the Portuguese mining precduction of lead ané zinc
concantrates had no pratical sa2guenc: (except for the complex lead,
gold and silver-containing sulphicdes 2f Jales, exploited
specifically as a scurce of pracicus metals and ncw tr2:ted
sutside Poriugal). Zven then the intorest ¢ Texramcnte was

mainly ca the silver content of its lead conceatrates.

This justifies the viempoints of SCARES CARNEIRC (2), already
(" n present ccnditions, the economical
5% our rescurces for leac and :zinc,

- T | " T
nct & say ntll®, bSut calling

0
"
o
.
(1]
"
.J
[}
)
D
o
o
g
-
B
1
[']]
N
[\[}
'
()
(1

=2 stratifsra fzrmaticas 29f£ the 3cuthasn Peortugal
arnd tc .22 lead ancé ziac reccverv Ircm complex pvrites) and of
RZT3 et al (42), in 1984 {zinc and leaé prcducticns "nevar have
been verv representative since for lead corncentrates never more
then 7CCC :onnes/year and for zinc 3CCC tonnes/year ware exceeded",
and also -everting to the future exploitation frem cemplex

pvrites]).

No production of lead and zinc are reporteé in the statistics
of the mining sector since 1373: lest available figures (5 years)

(45

.
-

~—

Table XXIV: Statistical figures available on lead and zinc
concentrates production in Portugal

lead concentrates zinc concentrates
tennes valuves tonnes values
6, 6

1968 2,541 lczé?f . 724 e PEE
1969 3,212 18.5 - 2,272 5,4
197¢ 2,4€3 18.5 2,6€0 5.1
1971 2,155 12.8 3,550 9.5
1972 1,830 12.5 3,060 8.4
1973 718 5.5 1,159 4.8

(since 1973: no production recorded for lead and zinc concentrates)
Source: (45)




The production of lead from lead sulphate mwuads and from
cat-ell dusts of the sulphuric acid plants roasting pyrites was
carried out by CUF (and post =1975 Cuimigal) in Sarreiro since
1926 and later"enriched"™ by the adéition of Jales concentrates
in order to produce precious metals. Eowever this indirect
preduction of leaé from pyrites, restructuyred in 1253, has been
discontinued since 1277 duve to econcmical and environmental
problems alsc related with cccupational realth.

In what ragazds zinc, the sitvaticn of primary "indirect”
producticn is not exactly the same, due to the possible recovery
in the Quimigal works at 3arreiro of up to 1l1,CCC tonnes/year of
zinc metal f£-om the treatment cf pyrites (see section 2.2.l1.).

Thus complex pyrites are to be regarced as gresent and/or
future potential domestic sources of lead and zinc in Poriugal,
having RZIS et al {(45) established in 1984 the £ollowing

perspec:tives of production at a middie term:

in tornes/year Laad Zinc

Neves-Corvo 10,cce 5¢,cco

Al justrel 3,5¢c0 14,8C0
Quimigal - c,C

13,5CC 74,CCO

Even with somewhat lower prcspects, that seems to be advisable
as deduced from latest data on the 3cmincor (2d phase) and
Aljustrel projects., as well as £from the practical reduction of
Barreiro cutput tocday, the fact is that the complex pvrites will
provide, (if these two projects follow) substantial amcunts of
concentrates of these two metals.

The occurrence of other potential 3curces ¢f lead and zinc as
well as the possibilities of certain traditional orebodies
(Pregviga in Mzura, district of 3eia) should not ke neglected.
THe "abnormal” caontents of copzer in Neves-Corvo finding makes nct
easy to exclude potential "exceptions®for other metals.
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Although the relative meaning of each of them scme
cancessions for lead and zinc are hcwever repcrted in 1984

(including the comzlex pyrita cratcdies cf 3eja distric:t).

1.5. zin

The producticn of cassiterite concentrates in Portugal has
shown a discrate Gecline during the lC-years geriod 1975-1984
(7,45):

Table XT/:Cassiterite production in Portugal
Cassiterite concentrate

(abt.69-71 pct Sn)

tcnnes value lcePTE
1975 52¢ €2
127¢ 274 73
1277 ” 1cs
1272 ac2 133
197¢ 34€ 173
198¢C 421 229
1981 50€ 299
1982 €85 4C3
.c83 383 4
1084 453 558

averace 459

These figqures are well belcw the yearly averages racorded
for previous decades:

1945 - 1954 147> tconnes/year (averacge)
1955 - 1964 145¢C
1965 - 197¢ 781

what may be related to the exauvstion c¢f some important mining
rzesources (45). Although scme authors remember Portugal as a
"b5ig producer” in the begining of the 40's, getting
occasionally to the range of 4C00 tonnes/year of concentrates,
present sitvation is already far from the "moderate prcducer”
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Pertugal csuld be called in the 5C's.

Ycwever tin mining in Portuygal, in current days, stillkeeps
scme re2levan: featurass: about 1C pct of the value of tstal minitg
ouvtput in 1283 could be rz2lated to tin przcucticn (8 pect in 1984)
and a gr=at number of existing ccncessicns (abt 43 pc?) is
connected to tin mining (seetaoie in next page). Alkeit this
statistic may be put in question because of the hetersgenity of
the concessions countad, it may dbeuseful. for getting some

c:nclusions:

- about the locaticn of tin mining: tin mining is dcminant in
North and Cemtral Portugal, and speciallyirland, corresgonding .
to the area of hercinic granitizations. The southern location of
tin rescurces, with excegtion cf the twc cases asscciatad with

conizlex pyrites, is in Pcrtalegra district and Is zlsc zelated

o

-~
-

zaticn:

ts a lccal gran
- adovt most common associatisns cf tin: apprsx. cne half of
this locations refasr associations with other mining resources.
Tipically forthe tin mining, in Portugal, is the association with
tungsten, other associations to record: titanium, columbium,
tantalum, litium, etc. Particularly interssting isthe associatiom
to complex pyrites, to which special reference will be madelater:

- abcut the dimension of tin mining: a 3¢ divided activity,
with so much concessions,svrelv must follow the general featrvre
cf Portuguese mining concessicns - i.e. small units, dispersaed
grografically and some.imes with very 2difficult access and
cuesticnable rentability (sitvaticn aggravataed with present

risis of tin and for relevant cases of "double. mining", ¢f tin
and tungsten). It is not surprising that, with a sc impressise
list of registered concessions, the number of centers ’
significatively prodvcing in 1982 was in the range of 14,
corresgending to about 25C-27C concessions, within following

types (7):




Tin mining concessions registered in Portugal (1984)

Table (XVI:

Tin concessions

Total
Sistzict concessions Sn Sn+wW Sn+others Total
Aveiro 86 - 11 - 11
Beja 52 - - 2(a) 2
Braga 58 9 - - 9
Sragang:a 163 3o 25 4 59
Castelo Branco 9s 28 14 5 47
C:imbra 24 - 3 3 6
Svora 27 - - - o}
Taro 10 - - - o
Guarda 224 41 11 i1l4 166
Leiria 12 - - - o
Lisboa 2 - - - o
Portalegre 29 - 1 13 20
Porto 98 33 1 1 35
Santarém 13 - - - 0
Setdbal 36 - - - 0
Viana do Castelo 106 51 11 2 64
Vila Real 199 %0 16 12 118
Viseu 131 13 28 3 44

1365 295 121 165 581
(a) Sn contained in complex pyrites (Source:7)
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~able XXVII: Distribution by types of centers
active in Portugal for tin miaing:

I} Vein tvpe signifizative estimated
producing gortion of
centers (1583) total production
Ta) tin 2 12 pct
Ib} tin + tungsten 5 C pct

II)?lacer type 7 37 pet

with excaption ¢f the greatar prcducing centre, the
"fragmentation” <f tin mining (as well as tungsten mining) in
Portugal may well suggest a "small miniag apprcach”. In all
mentioned mines, tin is present as cassiterite giving
concentratas whese tin content is within the range £€9-71 pcet.
The cnl-- excepticn £2r this zruyle is tin zsresent in complex

5%

. . - . . .
S L - —~mwtr s mevY qw? - Smyrrren  a > by
shifas gres, partigularly in Zgrws oz, whars stannite znd

')
4
(1)
1}

it2 are prasent, with procable ga2meralized prev.

/tomne in ccpper concsrntrates and £CCCg

} {(what brings to a bulk cre
tin/tonnas). For Xoinhic Comgplex pyrite, tin concentrations ar
cortaé between 2CC g/tzane (13) zné £CC 5 /tonne {22}, i.a.
avca lower thar £z the refered cogger cres. The rscovery =§f tin
Lzcm thase orez puts a very serious challeage tc minerallurgy
ané metallurgy. As a matter of fact - and if nc minsrallurgical
separation of tin is feasible - ths racovery of this metal will
stay very doubtful in mineral processing, this tecause:

S P Y o o Czo
- Lin i3 very dividad and Icllows the jeneral difficulivy of

3eparatisn 2f mining components of these ores:

- a great sartof the :tin would remain in pyritic rasidues by a
csaventizcnal trea:iment, as per above information:

- in pyrometallurg,, 3 significative part of tha rin
2vantualy present in furnace feed would pass to 3slags if common

procesres are vsed:
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- in hvérometallurgy, a gfeat part 922 the tin present in treateé
cconcentrates woulé £ollow the iron residue, if common prsczesses

are vTseld.

The imgertance :I this problem can be 2asily visuvalized: with
1 millicn tons Corve copper-ora2, accspting the averace content as
above, the guantity of tin present Is in the range ci 5CCO
tonnes/vear (equivalent to abt 71S5C t:cnnes of cassiterite
concentrate i.e. mere then 1S times Portuguese production from
tin =mining in 1984 ... what also means that with a tin recovery
£ nc mecre then ... 10%, a praticalily eguval producticn to 1984
figure could be afforcded onlv from Corvc!.

Ratu:ﬂzag 2 conva:nticnal tin mining, following main

'U

ugrese mining center have 2 Te guotad

Al Pznasgueira [in the “"ccncelics” of Covwilki and Fundao,
£ Castels 3 acd, and Pangillosa éa 3erra, Zistrict of

This impertant miring center, preducing tungsten and tis .
ccncentrates (as well as the ccpper concerntrates alreacy reportad)
and including 42 concessicns is exgloited by Beralt Tin and wWolf

(P2rtvgal}l, Lée.

The rescurces are of the wvein type (W+Sn), with uvnderground
mining, an@ Panasqueira producticn in the latest years iz in the
range of 25 pct or above of the tctal Portugrese tin cuzput from
mining. Panasqueira also owns a sensidle part of tin evaluoted

tin reserves.

Beralt Tin and Wolfram Portugal, 3aRL has the following
shareholders

3eral%z Tin & Wolfram, Limitecé

(vltimate holder Anglo American Ccrp) 80.5 ge=
IPE - Investimentos e Participagdes
do Zstado, S.A.R.L. 13.5 pct




with a sharecapital of 3cc.1c®2Tt since 19el.

3esides iis important tin production, Parasgueira mining
outgut corresconds tc abt 8l pct of Portuguese producticn of
tungsten concentrates and, as alreacdy mentioned, td scme amount

of ccprer soncentrates.

With an emplcvement level not far from the 1CCC people,
Panasgueira is a single case of dimension in the mining of tin
in Portugal, As a matter of fact I:r Panasqueira, as well as for
other small centers alreadvy mentioned, the tin and tungsten
mining cannot be separated and therefore the mining center has
to be considered as a wholc.

B) Argozele (in the "ccncelhc™ of Vimiosa, district of

3racanga), incluviing 5 ccncessicns.

[vh
17

Ixpleitedby Minarzol = Camplexs Mineliss aszcza:c SARL. join

ventiure of

Geomi 2?8 S.A., from Belgium (42 pet)

SPZ - Scciedade Portuguesa de

Zmpraendimentos, SARL (24 pct)
Cthers (27 pect)

The sitvation of this cecmpany (with a share capital of
183.1%p7Z in 1979) in vhatrefers. to its 3elgian partaer is not
verv clear 1% the mcment, sin:e Gecmines, S.A. was recently
repscted as having got cut of business. '

Argozelo produces tungsten, tin and silver, frcm a vein type
resovrce.

Minarjol also cwns mining rights for copper in Scuth Portugal,
as already repcrted (Miguel Vacas mine)

Besides, Minargol is ownar of cone of the twomain tin furnaces
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rhat in Portugal pro-duce metallictin from cassicerite concentrates,

as will be mentioned later.

C) ¥>ntesinko ("concelho” anc district of 3raganga), with 20

concessizas, erploited for tin by

Scciedade Mineira ce Franga, Lcéa
(47 pct owned dy SPE and 53 pct by three other grivate

Poringuese partaers)

Miniag is carried cut by open shalft and undergrcund works, in

a tip-veined tyze rascource.

- - 4 L) b PRR Y CPY T amms »% mae AY bl B Tod

Szrstin - The Periuguese SpEnL3l LI .‘.l:'.'.f’.; 2L

. s ~ BAr me e [ poagse B - - o = - - -

. s - 22 2V 5 7T : S%F Tt2I 3meé.. FoITugvese sIftners,.

es2 Zcur mires, with Gaia {acw shut &cwn), gproduced mere
then 5 pec of the total tin cutput f£rom Peortuguese mines in last
S years period. Except for Panasqueira, the averace groduction of

each of the fine mines was a: the same range.
Cther comganies mining tin in Portugal:
a) Bastcs & Marcolinos, Lt.

{concessicns renteéd to Alfrecdo Pinto Correia)
éistrict of Viseu; tin-tungsten vein rescurces

b) Scciadade Mineira Alegria, Lda.
Qistrict of Viseu:; cassitarite from placer
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2) Minemagve - Minérios, Maguinas e Metais, Lda
district of Portalegre: placer type

d) Bejanca - Sociedade Mineira das Beiras, SARL
reprocessing old mining rejects and vei s (W+Sn) plus
stockwerk

e) José Rodrigues C. Sousa
(rented from Minas de Cassiterite de Sobreda, Lda). Tin -
and titanium: district of Coimbra: placer type.

with the addition of these 5 minor producers, Portuguese
mining production of tin gets covered by more than 95 pct (as well
as for considered resources, evaluated in more than 40 years at
the average mining ovtput of last decade, not including
potencialitia:s as Argimela and Corvo).

Before 1984, Gaia mine ("concelhos" of Belmonte and Guarda,
in the district of Guarda, and Covilha in the district of
Castelo Branco), of the placer type (cassiterite + ilmenite) also
could be mentioned as a major producer.

Exploited by

Dromin, Explorag3o de Minas, Dragagens Lda.
(40 pct Necestano, SARL: 5 pct Banco Portugués do Atlantico:
$5% others)

this resource got exavsted and the operations by dredging has
been shut (45).

Mention shall be made, in this mcment, to the substancial
potential resovrce of Argimela ("concelhos® of Gois and Pampilhosa
da Serra, district of Coimgra) with the capability of prodvcing
200 to 300 tonnes of cassiterite concentrates per month, i.e.
2000-25000 tonnes/year of tin-metal (45).

In common terms, the economy of tin mining in Portugal is much
dependent from its indusrrial structure (really) small mines,
requiring the revision of extraction processes) and from the output
of other substances generally present (tungsten, titanium, etc.).

The overall employment related to the tin and tungsten mining
ir Pcrtugal is of adbt 2500 pecples.
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2. EXISTING PROCESSING OPERATIONS

2.1. Aluminium

The absence faprimary aluminivm production in Portugal
implies a relevant activity in importing as well as in secondary
and downs tream activities for this metal however still with
a low consumption "per capita®.

Taking care of the general reserves for the use of Pcriuguese
statistical information when metalsare dealt, and so- looking to
reliable informations,following figures may be quoted for 19€3(47)

Table XXVIII: External trade of aluminium, all forms Portugal

1983
Tctal imports abt 58,000 tonnes abt 10, Cx10°PT=
in<luding:
bulk metal 19, 300 tonnes 2,900x106PT2
aluminium alloys 23,CC0O tonnes 3,600x106PTE
aluminivm plats & foil
thick,above 0.20mm 11, 200 tonnes 2,340xlosPTs
below 0.20mm 920 tonnes 460x1069T5
tubes 650 tonnes 140x1069TS
Total exports
including: abt 15,230 tonnes abt 2,39Cx106PT5
bars and shapes 800x106PT2
cuttings 44Cx106?T2
scrap 27Ox106PT2

Thesze figures demonstrate the relative weight of aluminium
in Portuguese imports, with a marked dependence on foreign
supplies and a distribution by categories reflecting the demand
by downstream activities. Thus , more than 70 pct of the imports
may refer to primary metal and zbt 60 pct may consist in imported
billets as a supply to alumininum prscessing industries. Abt 20pct

of imports covera luminium foils not yet produced in Portugal.




Zonsidering the activities ralated to aluyminium in 2crtugal,

- abs

£sllswing sub-sict:z= will be briefly sutlined (43, 48):

This sub-sectsr, producing aluminium shages, cemonstrates a

rasié incr2ase in recent vears (42):

197C - adt 132CC tcanes grocduced
l28c - 158cc
1081 - 21222

kseping a relativaly gecod vtilization cf an installed capacity
2£ a%i 21,2CC vearly tonnes (ug to 1282) and 33,CCC yearly toares
after 1982.

extrusicon plant with &bt L,12C tcmmes czpacity ané an inzastment

2f abt 4Cx1207»T:.

'q

igures available in 1984 Ior ths two corperaticns that
together -ezresent more ther 85% of Portuguese production fully

confirm this tzend (S5C):

1982 - abt .21COC tonnes praduced
1983 - 25CCO

Five main companies are cperating ia the sub-sector: the bigger
p-cducer has correspend. tc the first abt 70% of the overail ovt
c3tput and the first two cover, as zir2ady mentioned, more than
85% of production:

. Pillar Portuguese (Aluminio), Portalex, SARL

. Extrusal, companhia Portuguesa de Zxtzusi3o, SARL

. Funcig3ao de Oeiras

« A 2zrfiladora, SARL

. Porjalex -~ Sociecdade Comercial de Aluminio, Lda (sinca 19283)
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Cther statistical paraneters 1979/1¢8l1 Zor the four
corooraticns (cperating in 1981 (42) as well for the Iirst two
(mcrze then 85 —ct of productica) in 1982/1983 (Sc)

-

Table XXIX: Major aluminium transformers in Portugal

ye.= 1972 128C 198:i 1282 1983
£irst <Lircst
nv-cer of corgoraticas 2

W e

o N b

. €
value of producticn (10 7TZ)

1362 2284 3282 2233 4859
Ggross adcadé value it Ity 222 €34  1c44 283 1lo74
investment,
assets (cfermy o7 131 ac 428 3n
emplovmznt (31%h Decemter) 294 241 283 2€7 394

Source: (50)
These incustries import billats in svitadle aluminivm alloys
» AG

sway and Zznaeca and supply Foriujvese

- —-—le oy b co = ~ Y3 = = = PP
dzmestic market with grade ar.2 prsducet gualiltlss Iomsaticle
- ™ - s - ™ - = - - s )
curTant Surcgezn raguirement Portuguese Soosumptisn iz sotewhat below
- 5 v - § &q- Alea ~A = Ser = - s -
curzant instaled czgacity. Abt 2T to 323% ol a2xtrs3ica Ta2sidves

rz praduceé duriag the process, reasct why ramelting may De an
important complementary featurz ts 2xirusion. units: in 1282,
Pillar had a 5CCC tcnnes/vyear ramelting unit with horizental
c ting ané was considering i1ts increase Sy 6C pot: besicdes
Sxtrusal was envisaging the investment in its own ramelting unit.
In the meartime, all the :3xtzusisn rasidves prsducad in the
extrusion units but in Pillar (Portalex) were being expcrted
£cr remelting abroad In 13984 the investments foreseen Dy 2:illar
arnd Ix=-usal fsor rameliing were nct vet in sarvice (5C)

3riaf notas oa the first (ard main, produc above mernticned
(51).

Pillar Portugal (Aluminium}, Pcrtalex SARL is installed in
Cacem, near Lisba (abt 16 Km), ané since 1972 extrudes aluminium
billets %cr shapes. With 2 extrusion przsses of 1600 and 2CCO

[

tzrnes,” 2 ?illar currently sugplies abt 70 pct of the Portuguese

market, using aluminium allcy 6C€3 as main raw material (72).
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Its praducticn in 1983 was of abt 16,CCO tonnes of shapes,
with cs-prcduction of abt 5CCC tonnes of scrap recycled in-house .
A t=hird extruder was in consicderation in 19284, to increase overall

.-

Cagacity to 2C,CCC yearly tonnes.

Pillar :Pcrtalex} prcmcted in 1978 the inccrporation of first
Portuguese extrusicn die plant - Aluport Matrizes de Portugal,
Lda - in Agueca, Aveiro district, This die plant ncw supplies ab:
7C pct ¢ hcme market, Teglacing pricr 120 pct imports and

alreacy gerfcraming in the expcri market.

Pillar {-ortalex) is owneé by Rullip Alumininum Ltd, 100 pct
subsidiary of the Pillar Aluminium GIoup, Glocestrshise, United -
Kingéow, this Group being 1CC pct subsidi ry of Ric Tintos Zinc

[

- - - : 4 .t A~ T
Shar2 czpital In 1235: 2CCxICTETE
- h) B h ]

Smzlovees {1983) : abt 12

A wider sha-azdistribution is men=-icn2d tc Sxt-uyssl,
established in 197°%

in Aveire, 2Aveirs district. Zxtzucal ~apacity

i5 zuotzd as 2,000 tonnes per year of :zluminium extrusisn (72).

B) Aluminium rsds -i-e and catle

T hTee Portuguese producers are active in this sub-sector,
with a combined capacity of 31,5C0 tcnnes (47,48):

. 2vintas & 72
. Sclidal - Condutcraz Zléctriccs, SARL

CPZ = Campanhia Portuguesa de Czotre, SARL

th 96 pct 2% the capacity belonging to the first two. Other
informaticns susgest to CPC :-mewnat higher capacity, egualizing
1idal in the overall capacity (l13).

Using primary aluminium impcorted £rom Spain, France and

dclland , this groducticrn is currently integrated with downstream
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manuf.cture of electric cables in same industrial precises.
Produced cables not only supplY domestic market but also are
expcrted in a considerable extent.

The expression of this sectcr, however, doesn't follow the
same trend noticed for aluminium profiles, as figures, hereunder

demonstrate for the two major producers above quoted (49, SO):

Table XXX: Aluminiuvm rods, wire and cable: outputs Portugal

1979 to 1983
Aluminivm for rod wire and -.tle:; sales™
tcnnes export ccmponent in pot &£
cverall prcdoction valicss
1979 1¢, 500 s€.S
1980 15,CcC0 48
1981 11,cC0 34
19e2 16,15¢™* 19
1983 10,983 57

=z including sales in cable
=z production 1982 15C04 tonnes
1983 11013 tonnes

Other pertiment statistical data for the twc major producers
mentioned ( above 96 pct of productior;){42,50):

Table XXXI: The 2 major product, of aluminivm rods, (uvnit and

(vnit and cable)
1979 1980 1921 1982 . 1983

Sroduction valve (1-8pTE) 1076 1853 1793 1642 2072

z M X
gross added value(lOGPTE) 273 444 426 221 315

investment, ;
(10%prE) 127 79 €9 29 14

ay X .k
emslcyment (31th December) 17C 187 212 s¢< 57

¢ this difference results not clear from available scurzces:
most possibly figures for 1979/1981 include cabling

manvfacture.
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The capacity of Guintas & Quintas plant in Povoa de Varzim, for
aluminium wire is mentioned as being of 18,CC0 yearly tonnes: this
plant also produces copper wire od and copper wire (72).

C) Aluminivm foil

A small production o< aluminium foil (of abt 1,0C0 tonnes/year
very far from supplying current Portuguese demand, is carried
ocut in 1984 by the compar Aluminio de Portugal (angola),Lda. (47)

D) Aluminium based foundrv

Also a limited production of injected foundry components in
alluminivm alloys was recorded for 1984 (47). Main products from
this activity were adressed to the motorcat, mechanical eguipment,
metallic furniture and similar industries. At the end of the 70's,an
estimate of aluminium cocnsumptizn for foundry purposes was of

atocut 2,C00 yearly connes.

£) Secondarv aluminivm production

In a metal market fully dependent from foreign supplies, like
aluminivom in Portugal, the economical recycle of metal valuves gets
an enchanced interest.

This obvious situation implies the consideration of re-melting
units for scrap. Mention was already made to the captive unit
performing in Pillar (Portalex) extruding plant as well as to the
plans for its development and of considerations of a similar
facility for Extrusal. However - and having in mind that the
recycle market in Portuvgal is nor yet £ull corered and may still
offer additional potencialities - some small-sized
produvcing facilities for secondary aluminium and aluminium alloys
are already in operaticn in Portugal. Among these the major
producer to gquote is Alpor, Empresa Produtora de Aluminio, SARL,
that recovers 2,CCC yearly tonnes of red Susion of aluminium”
reducing (by recycling) the amount of imports.
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©) Non metallurgical uses of aluminium

The main non-metallurgical vses of aluminium in Pcrtugal are
related to the follcwing activites:

- porous light blocks for civil construction (by reaction
of aluminium powder) specially in ytong Portuguesa, SARL, in
Barreiro, district of Setubal. This plant was recently shut-cdown
by causes related to the lack of demand determinated by
Poriuguese housing recession:

- production of aluminium sulphate from imported alumina and
locall produced sulphuric acid: a plant uith a capacity of 14.CCO
yearly tonnes is currently operated by Quimigal in 3arreirs.

2.2. Cooper
2.2.). General f£aatures

The present degendence of Portugal from exteraal cspper

supplies is well demonstrated by the tavles of naxt twc pagss.
Following preliminary considerations may be astablishecd:

i « Portugal isdependent in basic raw materials, Zor copper
domestic primary production, as the ccpper balances to show late:
also despict ¢

ii - this dependence is evenmcre sharp Zor wrouvght copper
metal, what suggests a certain untalance bYetween domestic primary
productisn and seconcdary copper processing industiries: as a
matter of fact Porituguese primary production is confipned to a
single smelter with very discrete capacities, although secondary
consumer units are already equiped with capacities that in scme
product are already suited for competitive international performance:

iii - if the domesticdemand in copper wire is pratically
covered by Portuguese production (with substancial capacity for




. Table XXXIIs
Portuguese external depsndence in copper (period 1980-81)

Apparent consumption
(tonnes)

1980 1981 1982

1.Rav_materials
. basic new materials 8283 7189 5245
. acrap 5190 6757 8888

2.¥Nrougn copper metal
. primary refined

(thermal coapper,

*wirebar®" cathodes) 15776 13898 13614
. second fusion

(copper-alloya) 1903 2765 2862

3.Products of firat processi

or semlia

.« long 27750 29748 296136
-wire 12349 12526 12896
-shapes 13136 15110 14446
~tube : 2265 2112 2294
.« plates 6909 5848 5909
4.0thers 1576 1209 1302

(oxides, sulphates)

External dependence

=
(pet)

1980

18
3

66

25

45
51,

76

14

1961

55
3

62

12

34

5
56
52
8o

4

1982

32
2

6?7

- 011 -

33

55
54

8o

® evalvated on Imports - Exports

Apparent consumption

Source: (51)



Table XXXIIIj
Portuguese imports and exports for copper raw materials and copper alloys
Imports Exports
valuo.losﬂvl

valve, 10‘?7:. " tonnes
380 1981 1947 383 Y986 I381 1987 1943

tonnes
- Y386 IS8T 1387 1389
L.Rav materials
. Scrap 23 221 2?6 188 10 ? 12 16 60 17 104 1200 7 1 9 48 '
ot
2.¥rought co Lt
n-tag 11190 9576 11310 13947 1310 1086 11339 2621 - - 2108 152 - - 218 22 (]
J.First proceasing
(semisa)
. Long 8030 10966 10379 62347 1227 1547 1543 1478 1084 882° 730 1293 1490 126 1113 232
.flat(platas) 6726 6136 6160 6050 1071 994 1145 1533 a3 48 sS4 22 é 4 14 [ 1
sources; (50,51)
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~xports), significative dependence still exists in copper shapes
ard tubes.

i*> =« The non-metallurgical demand of ccpper (in chemical
compounds) is pratically covered by domestic production.

v - The potential interest of Portuguese copper processing
operations may be relevantly enchanced the development of a
large production ¢f primary copper, sitvation naturally to relate in
its prespectives with the evolution and conseguences for Portugal
of the XNeves Corvo discovery: as a matter of fact, the scarce
primary production of copper metal may be regarded as a bottleneck
for the overall development of a full integrated industrial line.

Although the "per-capita"™ consumption of copger in Portugal,
currently of about 3kg/ inhabitant year, is well below the level
nf 14kg/ inhabitant.vear some ountries have already attaimed
(52,71), its is pcssible to forecast the evolution of the

Portuguese market for refined copper as per follcwing table (53):

Table XOXIV: Porecast for Portuguese market of copper

Peczicd Optinistic Intermediate Pessimisctic
vearly level of yeasly level of yeasly levei of
increase consumptions increase cozsumptions increase consuvmptions
pet tonnes/year. pet tonnes/year pct tonnes/year
1986/19%0 8 34,000 7 32,000 4 28,000

1990/2000 8 69,000 5 50,000 3 43,000
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The establishement of a domestic primary processing of copper
concentzates may also potencialize current(as well as other)
copper uses just starting or yet uncommon in Portugal (vg.
copper tubing in houses, copperrocofing), increasing the demand of
this metal.

Therefore, copper industry seems, to show appreciable
prospectives for a Countrcy that, like fortugal. will be a newcomer
+o the lis: of mcdern significative .copper mining producers
However copper was the key for several industrial development,
related to complex suviphides, as already mentioned (see
item 1.2.4.) and that still today strongiy marksthe industrial
pattern of this country - reason why a reference will be made

now to pyrite current operations.

. e . . .
vrites £or sul-=huzrig acid

tv

. The orccessinc of complex

groduction in Portucal

The processing of complex pyrites as a scuzce of sulphuri
for the zroduction of sulphuric acid was already mentioned and
had industrial apgslication in Psrtugal since the 2ad half of
last Centuzy (4.5.55)?

Hoewer only after the development of Barreiro works by
Companhia Unido Fabril (CU7) in 1908, this vtilization got a
decisive development and marked the definitive ingress of
Portugal in the full-scale processing of pyrites in renters of
maritime access and relatively distant from mine-site, that
characterized what was called hereabove as the “"sulphur/iron/
copper cycle”.

The potential recovery of other valuable products from such
domestic raw material, soon made Barreiro (in front of Lisbon,
the southern bank of river Tagus) to be quoted as an example of the

"inmtagwztad utilization” of pyrites that still today remains active

® Pyrites processing at mire-site for the production of copper
and sulphur was already mentioned
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and that added copper, zinc lead, precious metals and hematitic
iron-bre to its productions. An historical approach to

Barreiro and other pyrite consuming centers in Portugal was made
by SILVA (5) the evolution of mainly py~ite-based sulphuric

acid production in Portugal was described by JLIVEIRA (58). A
list of the currently operating Fortuguese sulphuric acid units
is given in next page (53), from which followirg geleral
conclusions may be drawn for -the units vusing pyrite as raw

material:

- about 89 pct of listed capacity is operated by QUIMIGAL,
Gtate-owned chemical, fertilizer and metallurgical ccmpany
already mentioned): from this QUIMIGAL capacity. 87 pct are
located in Barreiro complex:

- pyrite remains - a very representative raw material for the
Berivcuese prcduction of sulphuric acid: the listed 3-based plant
has to face the high curzent prices or elemental sulphur, not

competing with pyrites:

- the Portuguvese sulphuric acid industry still using coarse
pyrite has been directed towards dearsenifying roasting
srocesses (multipie earth roasters, BASF -~ two stage turbulent
layer: roasters) cdue to the interest of recovering cearsenified
hematitic purified cinders (purple ore) as a raw material to the
nearby ircn-making shaft furnace of Sidervrgia Nacional, in
Seixal. As w2 shall see, this same trenc motivated other investme
investments in Barreiro:

- the "pyrite cinders treatment units" are connected both to
the economies of metal recovery and to the need of purificating
. cinders for the iron-making . pvrposes above stated. Its
incorporation in Barreiro complex, downstream of the sulphuric
acid units, made from Barreiro a traditional "collector” of
Portuguese available cinders and also a non-ferrous metallurgical
center, where since long have converged other available rav materials
(copper mattes from Angola, lead-gold-silver ores from Jales,
copper concentrates and cements from already mentioned mines, etc):

-
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Table XXXV:

LIST OF PORTUGUESE PLANTS FOR SULPEURIC ACID PRODUCTION

TYPE
compaNy | LocATION USIT . e
- CAPACITY =~
MR + SC
Quimigal Barreiro Contact S SO0 Tonnes/day 1966
TR + DOC -

Contact 6 625 Torne=/day 1972

SF + DC
Contact 7 716 Tonnes/day 1978

Treatzent of

tail cas of we (b
¥H, plant 80 tonnes/day 1984
Contact 1 | 'R+ SF + SC
Estarreja 140 tonnes/day] 1951
MR + SF + SC
Con}ac; 2 o tonnes/day] 1961
MR + NI
Plant 1
SRPEC Setibal 140 tcnnes/day] 1928
MR + NI
Plant 2 140 tonnos/da1 1962
TCTAL CAPACITY 2,100 tom.’/d&Y (a)

623,000 tonnes/year

Plant Types:

Multiple-earth (pyrite) roasters
TR « Turbulent layer (pyrite) roasters

SP - Llemental sulpaur burning furnace

SC - "Single conversion® (f.e. single absorgtion)
DC - "Double ccnversicn® (i.e. duble absorpticn)
WC -~ Wet catalysis

NI - Nitcaticn process (chambers or towers)

(a) based in 330 eff days/year at nominal cepacity
(b) capacity 110 tonnes/day sulphuric acid

Sauzce:(53)
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- present pattern of Portuguese sulphuric acid industry shows
already old units, whose roasting technologies keep the "state of
the art " of the 60°'s but that requires complex coarse (grain-
-sized up to 6mm) pyrite to performe as and are conceived to
provide cinders vith a reasonable (for that time) acceptance:

- if the mines are now directed to dress pyrites for the "in-siw’
separation of non-ferrous containing minerals (see "Aljustrel .
Project®) or if enough quantity of floated pyrite is to be
available from the flotation of copper minerals from rich copper
ores with pyritic-matrix, like in Neves Corvo vill happen after
the end of the 80's then sulphuric acid prcducers may shift from
the vuse of coarse pyrites towards the easier roasting of
cheaper flotation pyrites in adequate new plants: these provided
the actval lack of interest by iron produvcers for respective
cinders as a source of iron, may not be restrained W tke process
limitations considered uvp to now and 30 reverte to more simplified
conception (56). Fine produced cinders may be returned to the -
mine for vnderground f£illing instead of building-up in useless
land =mobilizing and dust-cavsing environmeatally wvurconfortable
heaps near the roaster units:

- the Portuguese sulphuric acid industry based on pyrites is,
therefore, at cross yoads between the conceptions observed up to
now and the milestones in mining developrment and in related
activies (vg. the copper smelter project for Sines) that may soon
determine its ckangement

- simultaneously, the traditional role of sulphuric acid
industry as a first processuval stage for the production of non-
-ferrous metals from pyrites will cbviously be secondarizeqd
according to the new specifications of rawv-materials to be met (30).

Considering the amounts of pyrites sold by the minegin 1984,
on overall equivalent production afsvlphuric-acid of abt 390,000
tonnes based on pyrites is estimated, from which abt 20. 25pet
produced at Setubal, 15-20 pct producer at Estarreja and the
balance in Barreiro.
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2.2.3. The recoverv of non-ferrous metals from pyrite

roasting

Barreiro is to be regarded as a vnique example of "integral

and integrated” processing of complex pyrites in Portugal, as

already mentioned. The importance of this processing is well

demonstrated by its traditional “"collecting role® for roasted

pyrites from other centers (Estarreja and Setybal®*)by following

figures:
Table X0XXVI: Products cbtained at Quimigal
from pyrite processing (59)

yearly production
Sulphuric acid 390,000 tonnes
Iron (contained in hematitic pellets) 205,000 tonnes (b)
Zinc (electroly+iz  grade) 11,000 tonnes (a)
Copper (electrolitically refined) 700 tonnes (c)
Copper sulphate 7,000 tonnes
Golad 90 kg
Silver 8,700 kg
Sodiuvm sulphate 12,000 tonnes
Steam (45 bars, 425°C) 300,000 tonnes
(a) installed capacity (c) oot mentioning copper from

(b) potential production

non ~pyrite sovrces

Description of Barreiro pyrite processing were recently
disclosed by PEREIRA et al (59) and in a great detail, by GUEDES
and RODRIGUES (60): analso.adetailed description for the begining

of the 60's is available from PINEDO-VARA (6).

= part of cu:ro'nt Set’bal and Estarreja cinders produstions are not

‘being sent to Barreiro, today.
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Following plants are to be mentioned. .besides the already
guoted ~ sulphuric acid vnits:

A. Pyrite cinders treatment plant (60), Henderson/Duisburger
Kypferhutte process (continous roasting of pyrite cinders with
salt in fuel - burning multiple hearth roasters and batch
percolating leaching of non ferrous metals in dens):

Raw materials: major part of pyrite cinders from dearsenifying
roasting in Quimigal and Sapec premises (the other part goes
directly to fed the Kowa-Seiko unit), salt, fuvel oil, iron & steel
scrap ¢ _

Products: copper Cement, purple orefvsed directly for steel
making vntil the early 70°'s when the Portugvese iron and steel
Corporation decided *> stop its consumption claiming high residuval
non-ferrouvs contents) and a copper exausted liquour with zinc,
sodivm, chlcride and sulphate ions (amoung others - . minor
contents including cobalt, whose recovery has been considered)
‘recovered precicus metals are present in the copper cement.

Yelds; pratically quantitative in iron: of abt 92 pct and 93
pct respectively in copper and zinc (copper in cement: 2zinc in
leach liquovur)

Start up data: end of 50's (enlarged twice since then)

Capacity: abt 120,000 tonnes purple ore per year:

Special remarks: .a plant of this type is also working at
Metalquimica del Nervion, Bilbao, Spain (see in PINEDO-VARA)(6):
both plants use processes engheered by Duisburger .Kvrpferhutte .
whose plants were operated in Duisburg, Federal Repiblic of
Germany:

8. Purple ore / pyrite cinders purification and pelletization®
plant (60), "Xowa-Seiko process?

Decided after the refusal of purple ore by Portuguese iron and
steel maker and after the turbulent layer dearsenifying roasting
of Contacto 6 increased the amount of “fines " in roasted pyrite, this
plant uses the Japanese Kowa-Seiko process, engineered by Toyo
Engineering Corporation.
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The plant incluvdes following sections:

i - pretreatment section: cinders and purple ore mixed and
dried:

ii - bneadinag and balling section: providing svitable
comminution, mixing with calcium chloride and green ball
formation in disk-type pelletizers:

iii - green pellet drying section, with striget temperature
contreol:

iv - chloridizing volatilization section, in a rotary kiln,
45t/h capacity, 0.2 to 0.8 rpm,residence times 3 hours, size 5.1m
diax24m lenght plus 4.4m diax28m lenght, temperature profiles
between 6002 3~d 1250°C, where burnt pellets are formed (and
subsequentlyair-cooled) and non-ferrouvs metal chlorides are
volatilized:

v - gas treatment section: gas from the kiln is cooled in
two stages, for condensation of metal chlorides: mist and lead

salts are removed by wet Cotrell: lead is recovered as a lead
sulphate cake (gold concentrates here):

vi - by-product recovery section: for the extractive removal

of metals contained in the liquour from the gas treatment section.
Excess sulphates are precipitated as gypsum by adding chalk
powder: copper is then cemented (silver concentrates here); iron
is precipitated: still remining lead amd copper are removed by
sulphide precipitation; lean liquour is then sent to the nearby
zinc recovery plant:

vii - calcium chloride recovery and concentration section:

where calciuvm chloride containing liquour after zinc removal is
concentrated.

Raw materials: purple ore from Dvisburger Kupferhutte plant:
the balance ir pyrite cjinders; calcium cnloride make-up: chalk
powder: other reagents; iron and steel scrap; fuvel oil.




- Products: iron hematitic pellets: copper cement:; lead sulphate

cake: lead and copper sulphide cake: iron hydroxide cake: gypsum:

zinc containing liquovur
Yelds: talances are given by GUEDES and RODRIGUES (60) as well

as specifications for produced pellets. The removal and recovery

of non-ferrous metals are very complete. -
Start-up date: 1980
Capacity: 340,000 tonnes/year hematitic pellets with €0 pct Pe
Investment: 6,400 . 10°PTE (recorded in 1981) (61)
Employment: 215employees (62)

Additionil remark the energy-intensive operation of this plant,
conceived before the two "oil-shocks” gives raise to several

economical troubles accrued by the lower prices prevailingin the
market of non-ferrous metals and iron ores®recent references in

press reported it as in"stand by" and foresaw its definitive
shut-down ; from Quimigal recently disclosed report for the operation
year 1984:"During 1984, studies and tests to reduce the
perfcrmance costs of "Kowa Seiko”™ and negociations with
Sidervrgia Nacional (the Portuguese steel producer, 100 pct ownped
by the State) to raach agreement on prices and quantities, have
been persved. The carried tests, albeit always progressing
towards better costs and gualities, had to be interrupted dve to
cost reasons before the stability of performance was attained.
An eventual solution for this problem may envolve a three-parties
agreement: Government, Quimigal and Sidervrgia Nacional®” (63).

And some pages later in this Report: "The high energy costs,
that continvously have increase, determined a careful assessment
of the feasibility of iron oxide pellets production in the Kowa-
-Seiko unit (...). These studies led to the conclusion that, at
theprevailing level of prices for said product, the respective
production process is by no means rentable. As a consequence, the
suspension of operations for this plant and its keeping under a
“stand-by” condition was decided, with searching, in the meantime,
of alternative solutions (63).

= as well as the suvspension of a capacity-increase project for
Potuguese steel-mills, to which this pelletizing capacity was
related,




C. Sodium sulphate recoverv plant: recovering sodium sulphate
by concentration and salting-out from the copper exhauvstadliquour
procduced in the pyrite cinders treatment plant. This liquour is
2dded with salt and vundergoes evagporation in vacvum crystallizer.
Crystallized Glauvber salt is separated by centrifugation and zinc
containing liquour is sent to zinc recovery plant. Performance
conditions of crystallizers have been studied by JUSTINIANO. (64).
Glavber salt is melt in its own crystallization water and very
pure anhydrous sodium sulphate separates as a solid phase, being
removed by centrifuvgation (65).

Raw materials: spent liquour from the pyrite cinders treatmen
plant; salt: steam (for the vacuum ejectorsin evaporators-
-crystallizers and the indirect heating of Glaubex: salt).

Products: very pure anhydrous sodium sulphate: spent liquour
to zinc recovery.

Start up date: 1965 (65)

Capacity: 15,C00 tonnes/year anhydrous sodium sulphate

Remarks: This plant works in direct connection with the
Cinders Treatment Plant.

Quimigal also produces in other plants a different type of
anhydrous sulphate, Ly direct reaction of svulphuric acid with salt.

D. Zinc recoverv plant by ZINCEX process, developed by
Technical Reunidas, S.A., of Madrid, Spain.(66)

Description of this plant was also made by VIEGAS (67)
NOGUZIRA et al (68) and LIRIO and CUARTE (69).Sulphate and
chloride zinc containing liquours from respectively the Kowa-
-Seiko and the Cinders Treatment plants undergo three basic
operations:

-~ solvent or liquid-liquid extractions (purification step)
~"electrcwinning” of zinc (produvcing zinc cathodes)

- melting of the zinc cathodes (producing zinc slabs)
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The first step above mentioned is quite effective, giving a

very pure zinc electrolyte: following sequence is envolwvad:

(i) - selective fixation of zinc as ZnCl2™ by means of an
anionic extraction agent:

(ii) - transfer of zinc ion to the aqueous phase, with co-
-regeneration of the organic phase:

(iii) -« selective fixation of zinc ion by a cathionic .
extractive agent:

(iv) - transfer o« zinc to a new agqueous phase (spent
electrolyte), with co-regeneration of the second organic phase.

Operations (iii) and (iv) are common to zinc ions from both
Dvisburger and Kowa Seiko process liquours: operation (i) and (ii)
only refer to Duisburger zinc liquours. The high purity level of
the electrolyte affords a high quality product that, as a minimum,
accomplishes "High Grade"™ specification, according to BS 3436-1961,
attaining vp to 99.99 pct 2n (66).

Raw materials: zinc containing liquours from the Kowa Seiko
and the Duisburger plant (after sodium sulphate recovery): lime
solvent make-up;: reagents,

Products: electrolytic zinc: spent liquovr to Duisburger
plant (the recovery of cobalt was considered): calcium chloride
liguour to retuvrn to Kowa Seiko plant.

Yelds: pratically all zinc present in the received liquours is
recovered in this plant

Start-up date: 1980

Capacity: 11,000 tonnes/year of produvced zinc

Investment: 2,200.10°PTE (recorded in 1981) (6l)

Employment: 47 employess (62)
Additional remarks: The first industrial recovery of zinc in

Barreiro industrial complex was envisaged in 1973, with the
start-up of a 5,000 tonnes/year zinc oxyde recovery plant
processing zinc liquours from the Duisburger process unit (after
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sodium sulphate recovery). This plant was suitably replacedby
the unit hereabove described.

However, the production of zinc in Barreirv is far from
attaining the foreseen capacity due to the mentioned "stand-by"
T of the Kowa Seiko unit, that deprives this plant from a
considerable zinc imput.

A similar ZINCEX plant for the recovery of zinc in connection
with a Duisburger kupferhvitte pyrite cinders treatment plant i
in current operation at Bilbao, Spain (70).

After this general description of main plants in Barreiro for
non=-ferrous metals recovery from Portuguese Complex pyrites,
following conclusions may be established:

- Barreiro is, in itself, an heavily integrated ccmplex.
Therefore the sequence of its interlinked industrial cperations,
in what refers to complex pyrites, is very sensitive to
major changement in operstional philosopy:

- one of these changements - i.e. the refusal of receiving
purple ore by Portuguvese steel producer in the begining of the
70's - determined the peletizing option, however (and by other
reasons produced in the-meantime) with results still detrimental
to the overali economy of related operations:

- efforts and studies carried out from 1980 up to now to
change this situation haven't yet reached a satisfactory
solution and therefore the pelletizing plant follows in a

. stand-by shut-down up to a definitive decision: expected zinc -~
recovery was sensibly reduced as a consequence:

- announced alternatives for complex pyrite flotation and for
copper ore dressing and processing operations may well. demand a
careful assessement of respective reflex in a so integrated
complex as Barreiro, as well as imply a suvitable develcpment
effort directed towards foreseen new products.
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2.2.4. Plants processing copper raw materials in Barreiro
industrial complex

Besides mentioned pyrite processing vnits, Barreiro chemical
complex, owned by CUF up to its nacionalization (1975) and to its
incorporation in Quimigal '(1976), traditionally processes copper
rav materials for the production of

- copper cathodes, in the Sole copper smelter and - -
electrolytizal refinery now operating in Portugal:

- copper sulphate mainly for use as a fungicide in the
treatment of vineyards.

These two vnits will be briefly described hereunder:

A. _Coprer smelter and refinery

Since the first decades of its operation in Barreiro, CUF has
been producing metallic copper. Up to 1957 this metal was obtained
as copper shot, for use in copper suvlphate manufacture. The start-
-up of new metallurgicall plants,including an electrolytical
refinery, directed this copper production to a different market,
i.e. to corper demand by produvcers of electrical cables and appliances.
At same time CUF Group took an important position in the main
copper secondary processor - CPC - Companhia Portuguvesa do Cobre,
in. Oporto, The then existing thermal refining capacity suited to
meet the demand for copper sulphate production at that time (4,500
tonnes of copper, equivalent to 18,000 tonnes of copper sulphate)
Suited to an dectmlyticalcapacity of 3,600 yearly tonnes of copper
cathodes (12 groups) what was reasonably compatible with a certain
market state and with the availakility of domestic raw matsrials up to the
onset of the 60's. A certain capacity increase ( to 3,900 yearly
tonnes of cathodes with 11 groups)was achieved in the meantime,
removing lgroup for the lead electrolysis that was operated in
Barreiro at that time (73, 74).
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However the lack of economical dimension and the needs of
improving operation and of meeting larger demands imposed a smelter
and refinery revamping vp to 5,900 yearly tonnes of cathodes (and
increase of thermal refining) that started-up in 1979-1980.

The plant’'is aovw composed by a zaw materials preparation (with
blending and pelletizing), a water jacket shaft furnace, a
converter, a rotating and tilting thermal refining furnace, with
an anode movulding "carroucel®, an electrolytical refinery with
112 cells in 14 group (some of these cells are directed to the
production of starting sheets). A detailed descriptvon of the
overall smelter and refinery was given by ABRANTES (74). Prior
production of wirebars was more recently discontinved, due to
no more demand from processers (see under CPC).

Electrolytically mfined copper of high quality is sold as
cathodes: the co-produced slimes, containing precious metals, are
treated in a Preciovs Metals Metallurgical Plant also included in
Barreiro Chemical complex or exported.

Raw materials: Imputs for Barreiro copper operations in the
years 1982 and 1983, including the productioh of cathodes and
copper svlphate ( average production as sulphate in 1980/82
corresponding to 1,250 tonnes/year of contained copper for an
overall operating capacity of abt 2,50C tonnes of contained
copper).(50):

Table XXXVII: Data on Barreiro copper works (years 1982 and 1983)
. in tonnes of copper

Domestic market 1982 1983
Copper cement (including own production) 334 1432
Panasqueira concentrates 47 41
Scrap 1666 1876
Others 37 -
2084 3349
Imports
Copper cement 1086 -
Blister copper (with precious metals) 2996 3492
4082 3492

Grand total 6166 6841
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Products:

Overall production and sales as metalliccopper for same years
1982 and 1983 (50):

1982 1983
Production 4556 4561
Sales 5220 5448
virebars 52 -0
cathodes (domestic market) 3262 4193
exports (copper cement, black copper,
anodeic slimes) 1906 1255

Emplovment: of abt 110-120 (50).

Additional yemarks: the small dimension of Quimigal smelterand its
energy intensive . processes svrely make a continuous challenge
to a minimally economical operations.

As already mentioned, part of this plant was vsed for lead
extractive metallurgy during the 60's: this lead processing opera
operations were however shut down in the first half of the 70°'s.
A considerable overcapacity in thermal refining (16.000 yearly
tonnes of copper ) relative to the electrolysis is to be noticed,
after the revamping of 1976 (51).

B. Copper sulphate production

Several grades of commercial cogper svlphate are currently -
produced in Barreiro, with an overall capacity reported as of
10,000 tonnes of sulphate (equivalent to 2,500 tonnes of contained
copper) and an yearly vtilization (average 1981/2) of abt 50 pct.

However Barreiro plant has operated years before with bibher
capacities and producing levels, answering tao then existing
domestic demands. Besides production of this chemical was the
first industrial use of the copper obtained at Barreiro works and as
available cement ; even imports of blister copper were directed,

via copper shot, to copper sulphate production.
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Currentconsumers of copper sulphate have stabilized topresent
levels of production but eventuval irruptions of Vvineyard pests
potentially controlable by “"classical"means may well determine
a certain increase in demand.

The production of copper sulphate is essentially made by
cement oxydation in multiple hearth roasters, followed by
sulphatationwith sulphuric acid and by solid/liquid .removal of
sulphatation slimes (that concentrate precious metals and
therefore are sent to respective metallurgical section).Copper
bearing liquours so produced are passed to static and/or vacuum
crystailize}.'s. wvhere copper sulphate pentahydr'ato is separated,
Classification of crystals and types produce the different
brands currently supplied to the domestic market.

A small portion of copper sulphate is partially dehydrated
and micronized for use as an additive to cattle food procduction.

This brief description closes the overall analysis of existing
complex pyrite and copper primary processing vnits in Barreiro.
For this metal, it has to be stressed the small capacity of
existing indvstrial facilities and the practical limitations to
consider their increase. A new copperunit with larger capacity
may well replace these smaller sized operations, specially if
based in the availability of domestic raw material that were not
supposed to exist in the earlier 70's. If not, it is very
difficult to forecast a success to Barreiro copper plant when
facing the competitive profiles of today's copper industry, after
a medium-term challenging effort to transitionally cope with.

The way recoverable copper will be available from complex pvrites,if

new pyrite dressing processes are adapted in Aljustrel, or how the
pyrite tailings are to be treated in Neves-Corvo, may also bring

an inflvence to draw vp such future pathes.

2.2.5. Copper smelter and refinery project

Reference was already made to the copper smelter and
refinery conceived in direct connection with Neves-Corvo mining
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developments (item 1.2.5.2 and 1.2.5.3. above). By Ministerial
order n288/82, of the 16th December 1982(28), Quimigal was
commited with the set up of final feasibility and implementation
studies for that project, as well as of prospecting and evaluvating
potential private participations (of Portuguese or poreign origin)
for this new venture.

In the accomplishement of that commitment, confirmed by more
recent Ministerial orders (76), Quimigal issved the end 1985 apublic
invitation for the prequalification of general contractor (77),
that renewed already existing (and already mentioned)
controversy arouvnd such a proposed venture.

Quimigal reafirms the interest and rentability of such an
vnit, when consideringthe competitive purchase of raw materials
at mine premises,and is currently building-vp a full consideration
of such a project to minimize respective risks by a more complete
definition of its technical, economical, financial, commercial
and entrepreneurial factors Respective conclusions vill be submited
to the Portuguese Government in the first quarter of1987, with afinal
"g" demand for the defiritive project progression - and already
with appointed engineering and contractor precions(40, 78).

Descriptions of this project have recently been issved (53,
54, 79), as well as view points from copper consuvmers (52),
metal traders (71), government departmentals (51) and former
ministerial officers (78), only to mention some positive
expressions of support - with the pre requisite of confirmation by
considerations vunderway of the attractive figures already disclosed.
Negative viewpoints were also expressed and already quoted in
Portuguese and Foreign press (37,38,39,80).

From recent short descriptions, following key-data were
summarized:
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Basic proiect obiectives (79):

- maximun upgrandirg of domestic resources having a strategical
general interest by its wvertical integrated processing:

- guarantee of copper supply to fulfill Portuguese demand,
vith reversal of the present situvation of external dependency and
achieving an exporting profile:

- provisicn of a basic support to the Portuguese non-ferrous
metals industry, allowing for its sectorial development in a
competitive level:

- guarantee of the required competitivity of the Portuguese
fertilizer industry (phosphatic fertilizers)at international
level by its supply with a suitable quantity of co-przduced
sulphuric acid in interesting conditions of quality and price.

Project description. (79):

Conventional flash smelting unit, with enriched blast and
heat recovery, followed by conversion of copper matte and
electrolytical refinery of copper anodes: sulphur recovery from
gases by svulphuric acid production, after demercurization:
integrated power generation.

Copper capacity (cathodes "higher grade"): 100,0CO tonnes/ye
/year (the range 80,000 to 100,000 tonnes/year was investigated:
partial blister production with corresponding decrease in

cathodes output also under study, as an alternative).
Suvlphuric acid: 400,000 yearly tonnes 32504 98.4 pct

Ancdic. slimes: for the full lcad of electrolysis, abt 600
tonnes/year, containing preciovs metals

Electrical power demand . (own consumption): 63,000 Mwh/year




Technscl features (53)

PROJECT SECTION NOMINAL CAPACITY

. Raw material preparation 450,0CC tonnes/year of copper
concentrates and cements

. Flash smelter SO tonnes/hour of ccpper
concentrates and cements

. Converter aisle 540 tonnes/day of copper
matte (60 per cent copper)

. Sulphuric acid plant 1,4CO0 tonnes/day B,s0,

. Siag treatment 950 tonnes/day slag

. Anode casting 120,000 tonnes/year anodes

. Electrolytic refining 100,000 tonnes/year cathodes

"higher grade"

. Power station (recovery
process waste heat) 9 MW

. Oxygen plant 260 tonnes/day 0,

Since directly and exclusively supporting the PROJECT,
following infrastructures are also to be considered as making
integral part of it:

. railroad terminal,

. fire fighting system,

. connection to the nacional power network, main switchgear
transformer station and internal distribution network for
electric power,

. harbour terminal,

. process fluvid network, including salt water intake and
distribution systems:

Table XXXIV:

Economical indicators (53):

Investment 56.1:109912 condjtiona jncluding "
Sales value apPprox 37xloﬁrrx/yogggginq capxtgi )
Ratio operating costs/sales value 11 pet*
Ratio gross added value/sales value . 27 pet*
Economical project life 15 years

2 in a year _ of stabilized plant operation
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IRR (before taxes, constant
1986 prices) between 12 and 17 pct

paynout time between 5 to 6 years

Extension of Portuguese guoted participation in fixed
assets: abt 52 pct (53)

- Decomposition of foreseen investment (in 1986) (53)

Table XL (a) pet
engineering, licences, knowhow 5
equipment 41
construction and 18
infrastructures 10
personnel training 1
contingencies 15
start-up expenses 4
interest during construction 5
working capital 6
100 pct

Approximate distribution of operating costs (198€) (53)

Table XL (b)

personnel 51 pct

maintenance '~ 17 pet (including main repairs)
power and fuvels 38 pct

others 24 pct

Personnel distribution (53):

Table XL (c)

management 24 employees
foremen+shift leaders 48

workers 453

office & admin. staff 40
total 565
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Social and local impacts:

. Diversification of activities at local (regional) level
. Use of existing infrastructures
. Industrial and commercial dinamization
- Promotion of mining activities (Aljustrel}
. Direct employement: 5€5 (see distribution above)
. Temporary employment demand during construction: 4,000
. Indirect employent (local): services and .uxiliaries
. Professionel formation in the sector
- better technological level
- increase productiving

Proposed location: in Portuguese west coast in a place with
railway coanection to mine loading station (Sines area was

investigated as well as alternative location.

Projact schedule (in 1986) (53) (see £fig.6, next page).

As a closure to these considerations, if isinterzast: ig to
quote the references made by ROONEY and STOHN (8l) directly to
Portugal as om of the most interesting potential locations for
new major copper smelting complex).

2.2.6. Integrated pvrite processing in Sines (C.P.P. Projects)

As already mentioned (see section 1.2.4.4.), the first phase
of this CPP Project was "fro--n" in 1981/82.

The second concept for respective timewise implementation (i.e.
pyrite flotation and hydrometallurgical treatment of concentrates)
is in the line of presently proposed developments.

Therefore no further reference will be made here to these pro
projects.
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2.2.7. Secondary copper alloy refiners

As described, copper primary production in Barreiro includes
a partial recirculation of copper as copper scrap.

However some small exclusive secondary refining activity
exists in Portugal, specially producing copper 2lloys such as
bronzes and brasses by a recycling of residues These plants,
with some quality control problems and facing limited financial
capabilities of respective potential customers are respectively:

« Refinaria de Metais Luso-Italiana, lda.
. Alberto da Silva Barbosa & Pilhos, Lda.

Overall capacity in the range of 3,000 tonnes/year of brass
and 2,000 tonnes/year of bronze, is only partially used (abt 5C
pct): however a certain increase in production was reported for
the period 1980/82 (51).

2.2.8. Secondary copper processing industries

"Semis” and "alloy” producers, placed between smelting and
primary refining and final copper users, are generally refered
as secondary copper processing industries.

This secondary sector is pratically full covered, in Portugal,
by the industrial activities of C.P.C. - Companhia Portuguesa do
Cobre, SARL, from Oporto, with manufacturing lines for copper wimxod,
copper and brass sectiocns and shapes and cold-lamizated plates.
After the start-up in 1983 of a continuvous "dip-forming” unit for
wire rod, with a rated capacity of 36,000 tonnes/year of copperand
with a foreseen investment of a abt SOOxlOGPTE,(1982baJis). .
the overall capacity of CPC is in the range of 60,000 tonnes/year
copper and brass "semis" (51).

Individval maximun available capacity for each separated line
and type of product are described in detail by CAPELO (51).
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CPC semis output for the period 198C/82 were reported in the
range of 21,000 to 22,0CO tonnes/year, corresponding to gross
production values well above 3.OxlOQPTE. with a certain
equilibriuvm between supply and demand. Pollowing figures describe
CPC operation in 1982 and 1983 (50):

- Table XLI: CPC operations (1982 and 1983)

- ° T Jperating year 1982 1983

' Production, tonnes 122,637 21,603
Sales, tonnes 22,896 22,303

domestic market tonnes 22,280 21,564

export tonnes 616 739

Production valve, 10°PTE 3,373 4,612

Gross added value,10°PTE 776 1,312
Investments, tangible assets, 1069'1'3 430 79
Employment- (the 31 Dec) 827 803

CPC report for 1985 operating year, recently issved (32),
demonstrates a certain reduction in the overall production, to a
abt 18,400 tonnes (with a corresponding value of abt 5,260x106PTE)

- although with a relatively higher export quota (1,408 tonnes).

This was specifically atributed to a certain ineficacity in
the implementation of rules that project some copper “"semis"”
vnder the clauvses of "new industries” and considering the recent
admission of Portugal in the EEC.

Overall personnel costs in 1985:; 601xlOGPTE. inclusive o
of all social charges and expenses. Direct purchases and sales
to Foreign countries demonstrate a clear currencybalance deficit,
although atenvated that year by larger exports:

direct purchases (imports) 1,960x106PTE
direct sales (exports) 494x1069TE

The ownership of CPC incluvdes following entities:

. Trefimetavx, from France (with 25 pct)
. IPE = Instituto de Participagdes do Estado, SARL, keeping




the shares of the Portuguese public participation of abt 34
pct (83)

. private shareholders (Portuguese) abt 41 pct for a share
capital of 1,0x10°PTE.

The ownership of IPE participation in CPC was somewhat discussed
during the years 1981/1982, when the interest of Quimigal in
controlling a leading position in CPC was apparent. As a
matter of fact, the activities of CPC are directly connected to the
metallurgical activies of Quimigal.

smoraover .the CPC participation now under the control of IPE was
originally owned by the CUF Grovp and only some hazardous

consequences from the nacionalization processes carried out during
the years 1975 and 1976 had broken such a natural tie. A possible
reaffirmation of Quimigal interests was recently mentioned again.

Although CPC is itself represented in the final copper market
by a small portion of its own products, the main part of its
ouvtput is directly supplying final consuming industries such as:

. cable manufactures, with several industrial plants of reasonable
capacity and range of products

. electrical equipment produvcers and electrical erection and
assembling companies:

. alloy manuvfacturers:

. Small coper-based foundry:

. copper retail sellers:

. other indvustrial units employing copper or copper alloys.

Other recent but smaller producers of "semis” in copper and
copper alloys,generally recycling available scrap and residues,
may be enumerated (50,51):

. abt 5,000 yearly tonnes of brass bar produced by continvous
casting and/or by mechanical drawing, in several small companies
(in which themain prodvcer is Alberto da Silva Barbosa & Filhos,
Lda, whith capacity commissioned in 1982/1983):

-
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. abt 4,700 yearly tonnes of brass bar also by continuous
Casting, foreseen in 1981/1982 by Tecnocobre - Sociedade
Industrial de Cobre, Lda (incluvding a 1,200 tonnes production
from pressed products):

. abt 900 tonnes/year of bronzes (bars and sleewes)
Contibronzes - Fundig3o Continva e Centrifugada, SARL, covering
domestic market and also considering exports.

A careful evaluvation of the Portuguvese foundry industry for
copper and copper alloys was published in 1985 by the Direcgao
Geral da Industria (84): this text well demonstrates the
potencial development of these industries for domestic supply
and active exporting to the EEC and other areas.

This foundry sector, however, shows itself very
heterogenecus, with a great number of companies (1C7 vnits with
a great disgersion in their dimensicns, i.e. 52,3% under 10
employees), with technological problems associated to some segments
of that distribution, but also with considerable employment (abt
3,800 workers) and production range (abt 5,6CO tonnes in 1983,
with a reportedvalue of abt 4.3x1099TE.

This brief reference to Pcriuguese secondary copper processing
industries underlires following major aspects:

- the concentration of major production in one single operator
with a significative capacity,although other minor procducers were
recently reported:

- the loss of some vertical integration apparently existing
prior to the nacionalization processes of 1975/1976, without
evident capacity (or will) to re-established logical holding
relations, at least for the State-owned sector:

- pratical vtilization of available processing capacity:

- lack of significative exports, although the protectiug
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provisions for a "new industry®” in EEC may cover some of
products (copper wire rod) and help some exporting activity:

- potential sensibility to a substantial increase and
development, if a major primary copper industry is established in
Portugal:

- that sensibility is pratically-dve to its clear dependency
from foreign supplies: whith an overall apparent consumption of
abt 30,000 to 40,000 tonnes of copper in all forms, the country
imports abt 25,C00 to 30,CCOtonnes of copper. Present primary copper
production, with partially recycied and imported raw materials,
is on the range of 5,000 tomnes/year and a recycle of 10 pct of
the apparent consumption brings no more that 3,0C0 to 4,000 tonn
tonnes/year: these"domestic productions® a clearly not enough .
to answer to domestic demand, if no extra-capacities are to be
considered.

- in some fields (vg.electrical cables)copper products face the
competition of aluininium, whose consumption in Portugal has
remarkably increased: the development of a copper industry based
in Portuguese resources may well intensify copper consumption,
instead of aluminium, in the conditions where those metals are
near equivalent for respective users, The employment of optical
fibers is not regarded as a major risk for Portuguese copper
industry.

2.3. Nickel

No relevant processing operations are reported for nickel in
Portugal.

LOPES (43) estimated in 1981 that the Portuguese nickel
consumption could reach up to the year 2000 an increasing rate
of 5.5 pct/year thas attaining then abt 2,000 tonnes as primary
consumption ,up to 5,500 tonnes as total maxinun consumgption.
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2.4. Lead

Portugal is sensibly dependent from Poreign supplies to cover
respective lead demand, with imports of lead ingot that in the
begining of the 80's were placed in the range of the 18,000
tonnes/year (49). A domestic secondary production was also
reported with mention to the capacity of lead recycling by Metal
Portuguesa, SARL, up to 7,000 tonnes/year (but omnly producing
in the range of 5,000 tonnes). Total lead consumption in Portugal
is therefore in the range of 23,000 tonnes year.

Consumers of lead in Portugal were distributed by following
sectors:

. battery industry (abt 35 pct of primary lead consumption,
and also secondary lead)

. apsvles and cabling (abt 20 to 25 pct of primary lead
consumption)

. lead salts, as pigments (main consumer of secondary lead,
specially in Metal Portuguese)

. fabrication of lead plate, tubes, lead shot and other
similar uses (all-together, abt 15 pct of primary lead
consvmption) (49)

. alloys, fluxes, solders, etc.

Portuguese production of primary lead was stopped during the
70's, when CUF shut down its Barreiro operations, Lead production
in Barreiro was carried ovt in connection with the treatment of
some Portuguese gold and silver ores adding @s an important lead
input for the production)the COtrell-dusts from sulphuric acid
production by pyrite roasting, as well as the lead sulphate ruds
from the taen stille-working sulphuric acid chamber plants.
Considerations of occupationel hygiene and of overall economy,
as well as technicallimitations related to the use for lead




production of part of primary equipment designed for processing
copper rav materials, have brough to the mentioned shut down.

However the study of new ways torprocess lead sulphates got a
clear mention. in Quimigal Report for 1984(63), specially in
connection to the lead svlphate fractions expécted to be produced -
in the Rowa-Seiko unit. The "stand-by" situation of this plant surely
discooraged such a development effort - but “he new conception of
differential flotation of complex svlphides (see section 1l.4.
above), will potencially provide in a medium term, the availability
of abt 13,500 tonnes of lead, contained in lead concentrates
(specially interesting by their precious metals contents) and will
perhaps remake the consideration of primary lead availability in
Portugal from domesticC resources.

The mentioned secondary lead producer - Metal Portuguesa SARL -
- was established in 1944 and its industrial operations are
located in Vila Pranca de Xira, Lisbon district. Its ownership
includes a 51 pct participation by Perro Corp., with the remaining
49 pct with private shareholders. Vila Pranca plant includes:

. a lead m2lting and recovery plant, consuming battery scrap
and other lead scrap.

Production capacity: 7,000 tonnes/year refined lead (including
alloyed lead):

ovtput 1981-82 in the range of 5,800 tonnes/year.

. a lead oxide plant thermal process, using pure lead and with
producing range of abt 3,600 tonnes of lead oxides in 1981-1982
(plant capacity of abt 5,000 tonnes/year lead oxides).

. zinc oxide plant, thermal process, starting from galvanizer
scrap, with a capacity of 4,000 tonnes/year and production level,
on same period of abt 3,800 tonnes (72).
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2.5. Zine

*The more relevant fact recently verificd in the Portuguese
internal market of zinc was the transition from a situation of
no domestic production of zinc ingot to its production by
- Quimigal (...}, with an installed capacity of abt 11,000 tonnes/
/year®(49). Mention to this new plant, commissioned in 1980, and
-7 to its operation was already made in this case-study (see item
2.2.3.D above): produced zinc is recovered from leaching liquors
from pyrite cinders treatment plants, in Barreiro industrial com
complex, joining together recovered zinc valves from the
Henderson - Duisburger Kupferhutte:@ process (abt 40% of total zinc
production) and from the Kowa-Seiko pelletizing process (abt .60%-

of zinc production).

However and as also already stressed - the shut down of that
second plant deprived Quimigal's zinc vnit from a relevant
part of its supply, abt 6C% of total,lcwering sensibly its
possible output and therefore not atenuvating in the same amount
the dependency in this metal. Pollowing figures refflect recent
operation of this unit (50):

Table XL1I: Barreiro zinc operations (1982 and 1983)

Year 1982 1283
Production tonnes 4,214 4,427
Sales, tonnes (totally in

domestic marker) 4,536 3,905
Production valve, 10°pTE 193 220
Grossadded Valve, 10°pTE 88 103
Employment (the 31lth Dec) 37 34

The balance of imports and exports of zinc and zinc alloys
for these same years also demonstrates mentioned import
dominant situation.(50)
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Table XLIII: Portuguese zinc balance (1982 and 1983)

1982 1983

Import Export  Impcrt Export

Raw materials

scrap and residues, tonnes 174 98 381 -
(10%prE) (6) (5) (17 (-)
Zinc metal, tonnes 10,774 l 10,642 1l
(10%pTE) (762)  (-) ©22) (-)

1st Processing, semis
long products, tonnes 1,634 213 1 306 313
(10%prE) 178 (12) (193) (3)
plates, tonnes 21 1 6 1
(10%pTE) (2) (-) (1) (=)

These figures are somewhat. below a previous estimate of an
internal consumption of abt 30,0C0 tonnes of zinc/year (49) b:%
considering the recycle extent of zinc and zinc alloys may well
place Portuguese consumption in the range of abt 20,0C0 tonnes of
overall zinc and zinc products.

The development of the production of zinc concentrates from
complex pvrites will surely require a revision of the prodvction
pattern of zinc metal in Portuvgal, and of the possible saturation
of the capacity existing in Quimigal even if a final decision
on Kowa Seiko prospects and/or the changement from grain-size
pyrites may impose modifications in upstream performing units).The
possible availability of 64,000 tonnes of zinc contained in
concentrates, as mentioned in item 1.4 (with abt 14,000 to 25,000
tonnes zinc from Aljustrel project) may place Portugal in the
sitvatimof net exporter of zinc values. Any development in
Portuguese zinc production, however, shall take in consideration
not only Portuguese zinc demand but also the excess of zinc
capacities in Evrope.

Portuguese zinc consumers may be distributed by following
activity sectors (49):
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. brass producers, absorbing from 15 to 25 pct of primary zinc

input namely:

- Companhia Portuguesa de Cobre, SARL:

- Alberto da Silva Barbosa & Filhos, Ld.

- Metidlica - Companhia Internaciocnal de Fundigao e Laminagens
Lda.

. zinc alloys (injected molding and special zinc foundry),
namely Zamak type alloys (an import of abt 2,00C yearly tonnes
of Zamak is reported):

. zinc laminated products,with an internal demand of abt
4,000 tonnes/year, 20 pct cf which produced in Portugal by
Compagnie Royalle Arturienne des Mines, the 80 pct balance bteing
imported:

. zinc oxide production, by Metal Portuguesa SARL, as already
mentioned, that annvaly gets to abt 4,CCO tonnes of zinc cxides
using for that production zinc scrap and low-value zinc
containing residves available in the Portuguese market.

An estimate of approximate zinc consumptions by these
activities is available from an other study issved in middle -
-1983 (48):

Table XLIV: Zinc consumption by activities, Year 1983

Jalvanizing abot 10,000 tonnes/zinc
brass semis 2,0C0

laminated products 1,000

zinc alloys, incl. Zamak 2,000

zinc oxides 4,000

2.6. Tin

Portuguese tin processing operations show a characteristic
feature not found up to now for the metals previously studied:
being Portugal a medium-sized tin ore prodvcer, as already
mentioned, the capacity provided for the operating ' tin smelters




is well above domestic ore production, reason why Portugal is a
net importer of cassiterite concentrates to keep the performance
of some of is primary metallurgical vnits. Besides, Portugal

has been a net importer of tin metal to cover its own requirements.

Working with average yearly amounts for the 5 years period
1979/1983 that show relatively constant figures (7), following
tin balance can be drawn:

Pig.7: Portuguese tin balance (average 1979/1983)

Portuguese
tin mining
335
A
; : . Cassiterite
Seccndary tin Primary tin - na
: . «—22 | concantratas
production production import
Juo
20
Tin Tin (metal)
3 consumption | imports
5 Tin (metal)
exports

Tin apparent
consumption: abt 905

Source: adapted from (5)

i.e. Portugal shows a coefficient of dependence of abt 61 pct,

determined by the ratio (in quantities) of overall imports and

apparent consumption. The decline in cassiterite production may
have reinforced in more recent years this sitvation.

Existing primary smelters for cassiterite concentrates are
operated respectively by:
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. Minargol - Complexo Mineiro de Argozelo, SARL, already
mentioned in item 1.5.B, in the “concelho”™ of Vimuoso, district
of Bragan¢a. Minargol is a join venture of Portuguese SPE -

- Sociedade Portuguesa de Empreendimentos, SARL (24 pct), other
partners (abt 27 pct) and the Belgian Geomines S.A. (49 pct)

However, as noticed,problems with Geomines S.A. were recently
reported.

This small smelter produces tin ingot at a level of abt 4 to
S tonnes/month, mainly using Minargol own concentrates as raw
material.

Minargol, therefore, has an integrated production of tin, in
the sensethat respective activity is exerted both in mining and

. Neoestano - Nova Empresa Estanifera de Mangualde, SARL, in
Mangualde, Viseu district, join venture of

SPE abt 30 pect
Banco Portugués do Atliantico
tate owned bank with main

office in Oporto abt. 70 pct

Neosatano has no mining activities and obtains abt 85% of
the Portuguese primary production of tin ingot, currently -
operating one of its three electric (are) furnaces, with current
monthly output of abt 25 to 30 tonnes of metal. The capacity of

Neoestano smelter is therefore well above to respective productim
level and . en to overall domestic concentrate production, reason

wvhy Necestano needs, for its performance, to purchase cassiter:te
concentrates actuval -abroad.

. Sociedade Mineira de Paiva, also owned by SPB'(JO%) and
Banco Portugués do Atlantico (70%), in Bodiosa, near Viseu, with
an electrig furnace (capacity 1,500 tonnes Sn/year):

. Borralha, already mentioned; whors  ‘ectric fuzrnaces may be
adapted for tin operation.




From these vnits, only Minargol and Neocestano may be .
considered as currently operating, In 1983 the Banco Portugués do
Atlantico tried to sell its participation both in Neoestanc and
Sociedade Mineira de Paiva:; however no bidder reached the minimum
valve accepted for bidding (88). These units demonstrate an
impressive smelter over-capacity, directly connected with the too
optimistic forecasts built vup in years 50's and earliest 60's too
favourable demand metal prices and concentrate outputs from
Portuguese mines.

Main vsers of tin, in Portugal, can be included into following
groups (7):

. tin coated plate, for "cans" and "tins®" no douvbt the major
consumer with abt40 toSSpct of tin total consumption. The amount
of tin commonlyusd pef tencf coated plate of standard gauvge is of
abt 5.5 kg tin/tonne of plate produced: however an analysis of
available statistics svgsests a specific employment of tin by
Sidervrgia Nacional of 40-50 pct above this figure. Siderurgia
Nacional, E.P. , the State-owned iron and steel produvcer is the
main producer of tin coated plate in Portugal, importing its own
requirements in this metal.

This is a sector where the development of materials alternative
to tin-coated piate may resuvlt in a decrease of tin consumption.

. tin alloys, with abt 40 pct of tin consumption, including
solders (€0 pct of this sector) and other alloys, namely
antifriction alloys (white metal), bronzes, brass and pewter

. tin coatings, with abt 5pct, for the electrical equipment and
cavle industries.

. ¢hemicals and other uses.
The development and full exploitation of important cassiterite

resovrces, like Argimela, as well as the accesr tz tin valuves
contained in the copper and complex pyrites of Neves Corvo, may
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shift present tin importing dependence. However present situation
of the international tin market (combined to the wolfram own
sitvations that associates depressive effects té several
Portuguese mining ventures), while pervisting, is by no means
encovraging.

3. NATURE AND ORGANIZATION OF THE LINKS
BETWEEN THE NON-FERROUS METALS SECTOR
AND THE OTHER SECTORS OF THE ECONOMY

3.1. Main flows between the non-ferrouvs metals sector and the

other sectors of the economy

A general outline of these relations has been suggested for
each metal in prior chapters.

An interasting systematic approach by RODRIGUES et al (92)
presented a diagram for the main flows in the Portuguese
producing system, from which the pertinent network for the non-
-ferrous metals sector was extracted and is raproduced in next

page.

However the larger scope of that work suggested the definition
of bigger systems (v.3."Agrochemical systems”,"Metallic systems”,etc.)
grovping several activies: these systms were divided in sub
system b inging to more detailed conclusions (vg. Minero-
-metallurgical, Metal constructions and equipments, Automobile,
Mechanical Tool and Instrumentation as some of the subsystems
included in the Metal system),but with pratically no segregation
of the non-ferrous metals from the corresponding iron & steel
act.-rities. Amryhow, this study may be quoted as a good reference
for an overall consideration of the metallic sector (as well as
other productive sectors)in Portugal.

A greater split of activies, however, wouvld bring to the
statistical difficulties already mentioned - specially when the
imports or movements (or recyclee)of metuls are not systematically -




Figure 8 : Non ferrous metal vsers in a diagram for the
. .- . metals flows of Portvguese producing systems
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evalvated in order to produce yearly metal balances for each metal.
Besides it is not easy (and in certain cases even not possidle) to
track the destination of some imports of metals or metal parts
vhen they are primaly connected to the activity of intermediates
such as traders and therefore don't relate to a specific industry:
similar attitvde may be refered for sitvations in which
designations by a part of article denomination "hides® respective
metal contents.

A simplified analysis could be based in the two first groups,
of £fig.8, i.e. HB (Non ferrous metal ores) and CC(Non ferrous metal
metals), vhose relation with items having statistical significance
seens possible: however the two first industrial activities with
statistical meaning for non-ferrous metals (i.e."basic industries
of non-ferrous metals” and "production of non ferrous metals and
alloys® shall be carefully regarded by their definitions to awoid
mivnderstandings. The spkit of mining and smelting (metallurgical)
activities brings no remarkable contribution to a better
clarification. The analysis established for the two group HB and
CC periods 1972-1979, 1972-1976 and 1976-1979 are coherent with
some of the conclusions here presented:however they remain already
too a in time to be now developed in detail. No evident relation is
vorked out in the flow diagram to emphasize the “"sulphur
contribution® of metal-bearing suvlphides, such as complex pyrites:
however this fact wvas mentioned and considered in respective work
(being "basic inorganic chemicals® and “"fertilizers® two sub-
-systems of the ®"Agrochemical Sector”).

A general gqualitative description of the flows of non-ferrous
metals and produvcts in Portugal couvld briefly be outlined by
following considerations, based in already present evidence:

= except for tungsten, Portuvgal is essentially dependent from
metal imports:

- the role of Poreign suppliers and of traders is very decisive
in this part of metallic trade:; Portugal imports metals in all
forms, from ores to semis or even to metallic manufactured products:
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- the evolution of dependence in recent times is negative
(i.e. towards increased dependence) in wvhat regards tin and lead: a
certain positive evolution is connected to zinc: good forecasts
exist for copper (as well as for the other metals except
‘aluminivm, where the dependence is almost total):

- the secondary circuit of recycling is not yet fully
operating, specially for certain metals (vg. aluminium): scrap
collection and trading is an important commercial field:

- with the increase of consumptionsand the (up to now) slight
or localized increase of capacities, Portugal remains wvvlnarable
in terms of foreign trade of non-ferrous metals:

- commonly, there is a direct contracting between mines and
Portuguese primary consumers and between these and respective
clients: however even in domestic transactions a trading action
may take place:

- such a direct relation implies that existing smelter
(primary or secundary) or alloy producers may have todeal with
a large variety of client types and sizes: the relatively small
dimension of metal producing units still allows for a certain
sybsistence of this situation:

- the developments of local resovurces, thetrend tb bigger units,
the technical and competitive requirements arising from the full
membership of Portugal in EEC, the selective market demands and
a more precise statistical specialized backing,will surely bring
to structural modifications in the non-ferrous metal industries
in Portugal and to the systematic reporting of respective flows.

3.2, Effect of the mines or processinag units in the national

economy

As already mentioned, vertical integration mine/smelter has
not been the rvle for recent activies envolving non-ferrous metals
in Portugal. Only for tin (and even for a smaller part of smelter
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capacity) this vertical relation

Moreover,all efforts made during decades to build-up
integrated concepts have colapsed, by one reason or another. The
story of complex pyrite based industries in modern times, with

. its frequent changements and even regressions in adopted policies,
is surelya good. example for these sitvations. However complex
S pyrites ore, perhaps, one of the areas whare integrated
development efforts have been pursved farther and should beréguded
as a "must". More institutional links between producers and

domestic primary consumers may result very useful - and surely
not only in pyrites.

The present and potential importance of mines or processing
vnits on the national economy are identified for each metal in
chapters 1 and 2 above. The different pattern of mine dimension
and corresponding mining technologies may require specific
mining policies. Thus the consideration of "small-mining”
attitudes,specificaly for the case of tin, may cohexist in
Portugal with bigger mines for copper and pyrites, envolving
other types of bcal and regional concerns,

4. ANALYSIS OF THE MAIN SECTORS

4.1. Introdvuction

Also in chxpters 1 and 2 a certain development in the
presentation of main actors in the non-ferrovs metal sector
was worked out. Therefore, present chapter will pratically
consist in a systematic return of entities already mentioned.

4.2. Governmental entities

The main Governmental entities connected with the non-
-ferrous metals sector belong to the Poriuguese Ministry of
Indvstry and Commerce, whose official denomination has changed
several times.

Pollowing entities were refered:
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- DGGM - Direcgao Geral de Geologia e Minas
- DGI - Direcgdo Geral da IndUstria
- IIE - Instituto do Investimento Estrangeiro
- CPP - Comissao parao Langamento de Programa de Aproveita
Aproveitamento Integrado de Pirites (PAIP)
- GAS - Gabinete de Area de Sines

A) DGGM - Direcgao Geral de Geologia e Minas (General
Directorate of Mining and Geology), that cover following activies:

- Geological Services:

- Mining Promotion and Development Services:

- Laborat ry:

- Technical Support:

- Adninistrative and Technical Organization and Piscalization
of the Mining Sector:

- Publications (including the "3oletim de Minas" and an
excelent introduvtory "Guide to the Citizen")

Mining activities under the avthority of DGGM include
explosztion, concession, exploitation, ore dressing and mine
direct plants such as export facilities (terminals) and
integrated smelters - designated in current mining law as
"mining annexes”.

Presently, DGGM is establisting a "National Mining Plan”"(89),
together with a full remake of Portuguese Mining Law. These two
efforts may strongly contribute to a grezter development and
updated organization of the mining activities in Portugal.

If also intervenes in the trade movero t of ores and tc the
granting of benefits to activities under its scope.

B) DGI - Direcgdo Geral da Inddstria - General Directorate
of Industry), covering all activites related to manufacturing

industries, including smelters and downstream plants.
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C) IIE - Instituto de Investimento Estrangeiro (Foreign
Investment Institute) this Institute, depending from the Ministry
of Finance, has direct intervention in the establishement of

agreement and incentives for direct Foreign investment in Portugal.

D) CPP - Comiss3o para o _Lancamento do Programa &

Aproveitamento Integrado de Pirites (PAIP) specialized Comission
nominated under the Ministry of Industry and Technology to

consider and propose practical solutions to the treatment of
complex polymetallic sulphides (complex pyrites) of Portugal.

Designated in 1976, this Commission proposed practical
solutions in 1979-1980 and, having ceased its assigned functions,
was dissolved in 1982, See items 1.2.4.4, 1.2.5.2 and 2.2.6.

E) GAS - Gabinete da Area de Sines, cdevelcpment authority for
the Sines area (in the South of Setubal district). G.A.S. -
sponscred some pyrite develorment before CPP and, as local Sines
area avthority, was envolyed in the local consideration of Sines
Area projects (see 1.2.4.4., 1.2.5.4., 2.2.6. and 2.2.5.).

Very recently, the liquidation of GAS was announced by the
Portuguese Government.

4,3."National entreprise s”

4.3.1. State-owned companies (1lCO% State owned):fsllowing
state owned companies will be listed vnder this item:

- EDMA - Empresa de Desenvolvimento Mineiro do Alentejo, E.P.
- IPE - Investimentos e Participagdes do Estado, S.A.R.L.

- QUIMIGAL - Quimica de Portuvgal E.P.

-~ Perrominas, E.P.

Siderurgia Nacional, BE.P.

BPA - Banco Portugu2s do Atlantico
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A) EDMA - Empresa de Desenvolvimento Mineiro do Alentejo, E.P. .

Its incorporation from prior Sociedade Mineira de Santiago
and its evolution through EMMA was already mentioned in item °
1.2.4.3.B above. EDMA may not yet consist in the "stabilized form"
of the State-owned mining holding, being recently announced is .
near-to-be merge with Ferrominas E.P. (the other state owned
mining corporation connectaiwith coal and iron activities) to
incorporate a larger entreprise to be called E.D.M. - Empresa de
Desenvolvimento Mineiro, E.P. EDMA owns mining rights for Gaviao
and clzimed mining rights for Estagao, two orebodies in Aljustrel
area. EDMA also has been granted with exploration rights
for an area around Aljustrel as well as shares with SPE and
French SEREM a large exploration area around Grandola. The major
participation of EDMA are

- Pirites Alentejanas, above 95 =ct
(recently,shaces have been offered in Lisbcn stack exchange)
see itam 1.2.4.3.8;

- Somincor, with 51 pct participation
see item 1.2.5.:

The staff of EDMA is relatively small, for abt 50 to 70
people ~including the personnel employed in its ore dressing

pilot plant in Aljustrel.

B) IPE - Investimentos e Participacdes do Estado S.A.R.L.

Established in the 70's as an holding for State owned
participations in several companies, IPE is connected to a large
variety of activies, including mining and metallurgical sectors.

Prom the great number of its participations, following
companies are specially to quote for the non-ferrous metals sector:

- Beralt Tin and Wolfram (Portugal) with 19.5 pct
(see under 1.5.):
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- S.P.E. - Sociedade Portuguesa de Empreendimentos, SARL
with ab 18.3 pct
(see under 4.3.2.A):

- C5C - Companhia Portuguesa do Cobre, with abt 34 pct
- (see under 2.2.8)

T. C) QUIMIGAL - Quimica de Portugal E.P.

This chemical and fertilizer multidivisional corporation and
head of a group of compagnies was already mentioned msveral times in’
chapters 1 and 2 above. Its industrial activities related to non-
-ferrouvs metals include the integrated treatment of pyrites, in
Barreiro, the production of sulphuric acid, in Barreiro and
Estarreja, copper smelting and refinery, precious metals recovery
and refining and metallic zinc production, Also in Barreiro works
Quimigal has been commited in 1982 with the study and prepaxative
acticns for the implementaticn of a bigger copper smelter
largely based in the concentrates to be procduced from Neves-Corvo
orebodies.

Quimigal leads a large group of associated compagnies in
which following join ventures are incluvded:

- CUIMIBCL, a sulphuric acid trading company . ncorporated
in Switzerland in which Quimigal owns 50 pct,and a company
£-o>m the Sweedish Bolidens Group the other egual part:

- QUIMIBRO, a trading company incorporated in Lisbon, in
which Quimigal owns 60 pct and the Swiss corporation SBMA
- the remaining 40 pct: its activities include brokerage
and other international trading activities

Although QUIMIGAL and its predecessor CUF (see 4.3.2.E) have
been insistently looking for complemented action in non-ferrous
metal activities, namely in copper, its position in mining was not
yet achieved (see under 1.2.4.3.B and 1.2.5.). Besides, CUP's
Grouvp participations in (PC have been passed, after the turmoil
of the economical changements of 1974-76, to the control of IPE.




- 156 -

This makeS Quimigal to insist, not without the assistance of a
certain reason, in the interest of really achieving an
"integrated file" for non-ferrous metals industries and therefore
a closer relation which CPC would appear as a logical projection
to its current metallurgical operations.

For further references to Quimigal see 1.2.4.3.B., 1.2.5.4.,
2.1.F. and 2.2. (and subdivisions), 2.4. and 2.5. above: see
also reference to CUF under 4.3.2.E..

D) Ferzominas, E.P.

This mining company is actively engaged in the development of
Moncorvo iron orebodies and has,in the earlier 80's,been commited
with the development oZ Portuguese coal resouvrces. Its merger
with EDMA to incorporate a sole mining State-swned company,

- Empresa de Desenvolvimento Mineiro, E.P., was very recently
announced but has not yet progressed.

Ferrominas developed a big iron ore exploitation and
pelletization project to supply Sideruvrgia Nacional (S.N.)
capacity enlargement with haematites from Moncorvo: in connection
to this project pyrite purified cinders to be produced in Sines
by"CPP Project” (see 2.2.6.) wovuld be co-pelletized and therefore
incorporated in Portuguese iron-production. The successive scale-
~down of S.N. new capacity, as well as lower costs prevailing for
iron ores, froze "Ferrominas project® and contributed to the also

freezing of the "CPP Project" in sines X

E) S.N. - Siderugzgia Nacional, p.p.

The primary iron and steel producer, in Portuvgal, S,N. was
nationalized in 1975. It has been connected with the integral
pyrite uvtilization, since its purchase conditions directed vp -
to recent times the determinant decisions related to the supply
of "purple ore” to S.N. (see 2.2.2., 2.2.3., 2.2.4.).

2 the same may be said to the prospects of placing the full amount
of "Kowa Seiko vunit" pellet ouvtput from Quimigal Barreiro works.




- 157 =°

A projected increase of capacity has gradvally been deflated
in a controversial process that brough consequences to other
projects related with complex pyrites, and therefore with non-
-ferrous metals production in Portugal (93, 94).

F) BPA - Banco Portuqués do Atlantico

State owned commercial bank (nationalized in 1975) with
headquarters in Oporto.

It is majority shareholder in Neoestano as well as in
Sociedade Mineira do Paiva (see under 2.6), Although its .

participations (70 pct in each) have been- already offered for
sales in 1983,

4.3.2. Private companies

According to Portuguese law, corgorations in which the State
owns ONly part of sharehclder's equity ("mixed” compagnies) are
considersd private companies: therefore they will be mentioned in

this section. Corporations with Foreign majority will be
designated as "Foreign interests® (see item 4.4. hereunder).

Following corporations will be briefly reviewed here:

- SPE - Sociedade Portuguesa de Empreendimentos, SARL
- CPC - Companhia Portuguesa de Cobre, SARL

Pirites Alentejanas SARL

- Somincor - Sociedade Mineira de Neves-Corvo, SARL

with listing all other minor (or no more existing) corporations
under a common title P ("Other Portuguese Corporations®).

A) SPE - Sociedade Portugquesa de Empreendimentos, SARL:

This company was incorporated in 1975 with the assets in
Portugal of Diamang (former Companhia dos Diamantes de Angola)
and therefore cc'roctod © respective shareholders (shareholder's
capital 1, 103xlo PTE). Main. shareholders of SPE, in 1983, were
the following:
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- IPE (see 4.3.1.B. above) abt 18.3 pct

- Foreign participations (including
Belgian interests. and others) abt 20,4 pct

- Other Portuguese participations,
divided - abt 61.3 pct

Both IPE. and Belgian interests nominated 1 representative
each in a Board of 7 Directors.

SPE participates ina series of corporations acting in mining and
metallurgical activies, related with non-ferrous metals namely:
1 3 .
- Porstin (capital 32,000x10°PTE) with 93.6 pct:
- Companhia Mineira do Norte de Portugal (capital 40.000x103'
PTT)with 70.2 pct?
- Sociedade Mineira de Franga (capital lO,CCCxlOBPTS) with
47 pct:
- Miras de Tarouca (capital 8,5CCx10°PTE) with 70,3 pct:
- Minas da Borralha (capital 100,000x103m) with 19.5 pct:
- Minargol (capital 192,500x10°PTE), with 24.3 pet:
~ Necestano (capital 300x103m), with 30 pct:

- Sociedade Mineira do Paiva (capital 1,2c0x10> PTE), with 20 pet:

3

All these compagnies perform in tin-tungsten sector, in whichtsy
have mining activies (exception to Neoestano, whose activities are
cnly smelting, and Minargol and S.!. Paiva, that join mining to
smelting): Minargol and Borralha are also related to copper mining.

SPE also shares prospection and exploration rights in two areas:

- consortivm SPE/SEREM - (a Prench corporation of the BRGM
Group) in following proportion
SPE 60 pct
SEREM 40 pct

for tungsten ores, in the North of Portugal:

- censortium "Grandola®”, around Grandola, south Portugal, with
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following participations:
SEREM 52.3 pct
SME 34.2 pct
EDMA 13.5 pct
for complex polymetallic sulphides.

B) CPC - Companhia Portuguesa do Cobre, SARL

—

Based in Cpcrto. See under 2.2.8. (big secondary copper

processor).

Shareholders:

Trefimetaux abt 25 pct
IPE abt 34 pct
Several Portuguese

Bagraliclisars abt 41 pct

A potential connection of CPC to Quimigal interests is

since long c¢laimed.

C) Pirites Alentejanas S.A.R.L.

Pyrite mining company in Aljustrel. See, for details,
1.2.4.2.8, 1.2.4.4., 1.2.4.5. above.

Shareholders:

EDMA above 95 pct

Belgian interests

" (SOGEMINDUS) 5 pet

‘Shares being cvrrently suvbmited to Lisbon stock-market.




D) SOMINCOR - Sociedade Mineira de Neves-Corvo, SARL

Copper mining operations in Neves-Corvc mines, see under 1.2.5.

presently:

EDMA 51 pet
Rio Tinto Group 49 pct

E) CUF - Companhia Uniao Fabril SARL:

Big chemical and fertilizer industrial company set vp in
Portugal inllB865 and head of a proeminent private Group vup to its
nacionalization in 1975. CUP, as a nationalized company was
subsequently incorporated with two other fertilizer producers in
Quimigal (see above). Interests and participations of the CUP Group
not nationalized with CUF were spread by several holders, namely IPE.
This is the case of CPC participations, amon others. SMS - Sociedade
Mineira de Santiago and a significative share in Pirites Alentejanas
also were inclvded in the participations of the CUF Group. See 1.2.
1.2.4.3.8B.,, 1.2.5., 2.4., and 2.5.

F) Other Portuquese Corporations

Several other Portuguese corporations mentioned in this study
are listed hereunder, by the order of this first mention in this
text:

- Minas da Borralha: tungsten-tin concentrates produvucer and also
copper concentrate producer. See under 1.2.2., 1.5. and 4.3.2.A
owned by OPEI.DIN (80.5 pct) and SPE (19.5 pct) but presently owner
ownership sitvation-openedin part - is not very clear, with
respective mining operations being shut down with a strong negative
social impact in a relatively deprived grea.

- OPEMEDIN - Operacces de Medicces Internacionais, Ld:has been

one of the owners of the mining rights for the Minas da Borralha,
having 80.5 pct equity. Is a successor to FPoreign participations
connected to the Beralt Group: presently the ownership/control

of Borralha is not very clear. Refer to "Minas da Borralha®, directi,
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_above,

- Minerilia - Sociedade de Empreendimentos Mineiros, Ld:

ccncessionary of the mining rights for the copper mine of Aparis
{see 1.2.3. above) up to its shut-down in 1975, followed by
abandon of concession in 1977,

- Minarqol, Complexo Mineiro de Argozelo, SARL: concessionary
of the mining rights for the copper mine of Miguel Vacas (see 1.2.

1,2.3. above) as well as of Argozelo tin mines (see 1.5. above):
Minargol also operates tin primary smelting, in relation to the
Arcozelo mining (see 2.6.) Minargol is a join venture of

Geominas S.A.

from Belgian 49 pct
SPE abt 24 pct
Others 27 pct

The present situvation of the Belgian partner is not very
clear, with recent reports of respective getting out of business
by insolvency share capital of 183x10°PTE in 1979 and 192.5x10°pTE

in 1983.

- Sociedade Mineira de Santiago SARL
Mining society of the CUF Group, nationizlized in 1975 and

antecedent to EMMA. . o 1.2.4.3.B., and 1.2.5.

« Sociedade Mineira de Franca, 1ld.
Tin mining company at the Braganga district. Share capital
(1983): 10x10°pTE

Partners:
SPE 47 pct
Other Portuguase
partners 53 pct

see 1.5., above.

- Porstin - The P¢. guguese - Spanish Tin Mining, SARL
Tin mining company at the Guarda district. Share capital
(1983): 33x10°PTE
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Partners:
SPE abt 93 pct

Other Portuguese partners abt 3 pct
see 1.5., above.

Dramin - Expiorac3y de Minas e Dragageas, Lda.
Tin and titaniym® mining company at the Guarda district,
whose operations are actually shut (since 1984).

Partners:
Neocestano 40 pct
Banco Portugués do Atlantico S pct
Others 55 pct

'“ 1.5.' m".

Bastos & Marcolinos (concessions rented to Alfredo Pinto

Correia):
minor tin-tungsten mining operaticns: see 1l.S5.

Sociedade Mineira Alegria

minor tin mining operations, see 1l.5.

Minemaque - Minérios, Maquinas e Metais
minor tin mining operations, see 1l.5.

Bejanca - Sociedade Mineira das Beiras, SARL

minor tin mining cperations, see 1.5.

Minas de Cassiterite da Sobreda, Lda (roncessions rented to
José Rodrigues C.Sousa)
minor tin mining operations, see 1.5.

Extrusal, Companhia Portuguesa de Extrusi3o, SARL
aluminium extruder and also envisaging secondary aluminium

production,see 2.1.A and E:
wide discribut.on of shares

Fundicao de Oeiras
minor aluminium extruder see 2.1.A.
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- A Perfiladora, SARL
minor aluminium extruvder: see 2.1.A.

- Porjalex - Sociedade Comercial de rluminio, Lda.
alvminium extruvder, see 2.l.A.

- Quintas & Quintas, SARL

aluminivm rod wire and cable, see under 2.1.B: also copper
cable prodvcer

Solidal - Condutores Eléctricos, SARL
aluminium rod wire and cable producer, see under 2.1.3.

- Aluminio de Portugal (Angola), Lda.

aluminivm foil producer, see uvnder 2.1.C.

- Alpor, Emcresa Procdutora de Aluminio, SARL
secondary aluminium producer, see vnder 2.1.E.

- Ytong Portuquesa, SARL
see under "non-metallurgical vses cf aluminium", item

2.1.7.

- Alberts da Silva Barbosa & Filhos, Lda
copper "semis" producer (brass bar; and alloy refiner:
see vnder 2.2.7 and 2.2.8.

= Refinaria de Metais Luso-Ttaliana. Léa

secondary copper alloy refiner (see under 2.2.7)

- Tecnocobre -~ Sociedade Industrial do Cobre, lLda.

copper "semis" producer: see under 2.2.8.

- Contibronzes - Fundigio Continva e Centrifugada, SARL

copper "semis” and alloys producer: see under 2.2.8.

~ Necestano ~ Nova Empresa Estanifera de Mangualde, SARL

tin smelters, see under 2.6.:
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Shareholders:
SPE abt 30 pct
Banco Portugués do Atldntico abt 70 pct
- Quimibro

trading company for non ferrous metals, and other
commodities: see under “"Juimigal”™ above.

Shareholders:
Quimigal 60 pct
SBMA (Switzerland) 40 pct
- guimibol

trading company for sulphwric acid, based in Switzerland:
s2e under "Cuimigal”™ above.

Shareholders:

Quimigal 50 pet
Boliden Group (Sweeden) 50 pct

4.4, Poreign interest

A) RTZ - Rio Tinto Zinc Group

Present RTZ interests in Portugal are represented by:

- 49% participation in Somincor, by recent purchase of prior
Prench participations (see under 1.2.5.3. above):

- 100% ownership of Pillar Portugvesa (Aluminio), Portalex,
SARL, main aluminium extruder in Portugal (see under 2.1.
above);
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- 100% ownership of RIOMINAS - Servigos Técnicos e Financeiros
Lda, with headquarters in Lisbon and whose specific purpose
. - is the "supply of technical and financial services to
mining corporations® (44)

- intervention in prospection and exploration for complex
polymetallic svlphides in Almodovar and Mertola areas
(district of Beja), Montemor-o-Novo (district of fwora and
tungsten-tin-gold in Fund3o-Penamacor (district of Castelo

ranco), see under 6.1.

B) Beralt Tin and Wolfram (Portugal)/Anglo Americam Corp.

Beralt Tin and Wolfram (Portugal) (see vnder 1.2.2. and 1.5.)
is auoted as the more representative participation of the anglo
Americar. Corp in Portugal and is the main Portuguese prcducer of
tungsten concentrates, as well as of tin. The particigation in
this company are:

Beralt Tin & Wolfram, Ltd 80.5 pct
IPE 19.5 pct

with a share capital of BOOxIOGPTE since 1981.

Beralt Tin and Wolfram also keepsexploration authorisations
and ccntracts for an important area near the Panasqueira
concessions (see 6.1.). Anglo American was reported by the
Portuguese press asone of the interested entities in the Neves-
-Corvo bidding after the announcement of the sale of French
participations (see 1.2.5.3.).

Ber alt interests have also been associated to a majority

control of Borralha mines (80.5 pct) up to rospéctive transaction
to OPEMEDIN (see 4.3.2.F.)

C) Sapec Group

Belgian interest represented by the Sapec Group are identified
hereunder:
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- Mines et Indvstries pyrite concessions of Lousal and Serra

da Caveira: see 1.2.4.3.C. (Mines et Industries also has
tung.ten concessions and tungsten metallurgical activities in
North Portugal): ’

- SAPEC fertilizers complex of Setubal (see under 1.2.4.3.C.
and 2.2.2.),

in both corporatios with 100 pct participation.

D) Sogemindus - (Société de Gestion d'Entreprises Miniéres
et Incdustrielle)

This Belgian Corporation is owner of less tham 5 pct equity in
Aljustrel pyrite mines (see under 1.2.4.3.C). Since the sale of
the majority of Belgian participations to Portuguese interests,
incorporating Pirites Alentejanas, SARL, the extent of Foreign
residval participation has been decreasing £rcm 10 pct cnwards.

E) Geomines

Belgian interest in Minargol are represented by this company,
with 49% participation (see 4.3.2.F.): however recent informatias
mention Geomines as having got ouvt of current business.

FP) Other Belgian interests

Other Belgian interests are presented in SPE (see 4.3.2.A.)

G) Tréfimetavux / Group Pechinev

This French Company, currently mentioned as included in the
Pechiney Group, has a significative participation (25 pct) in cPcC
(see 4.3.2.8.).

Another significative French participation, though Pechiney,
is in the silicon and ferro-alloys unit of Eurominas, in Setubal
(see 0.2.).
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H) Pefiarrova / Group Imétal

S.M.M. Pefiarroya established in Portugal the Sociedade
Mineira de Peflarroya Portuguesa, Lda, that actively participated
in the exploration group that discovered Neves-Corvo orebodies
(see 1.2.5.1 and 1.2.5.2.). As a consequence of that discovery
ané@ Somincor incorporation Pefiarroya got 24.5 pct participation
in Somincor up to sale of French participation to the RTZ Group.

No current activities of Penarroya and/or other companies of
the Imétal Group are currently reported in Portugal.

I) Group BRGM

The Bureau de Recherches Geologiques et Miniéres of Prance,
by its entrepeneurial branch, has been present in some recent
cevelormentsin Portugal. With Penarroya, the BRGM by its
participated SZR=M (Société A'tiuvdes, Recherches et Explcitations
Minidres), was alsc active in the discovery of Neves-Corvo ore
Sody, getting 24.5 pct participation ir Scmincor. This
participation was subsequently transfered to Coframinas -

- Ccmpagnie Frangaise de Mines, of the BRGH G:ooup, and finally
sold to RTZ interests.

S§z2=1 is participating, with SPE and ECMA, in the so called
*Grandola consortium” (52.3 pct SIR= participation), and with .-
SPE in "SPE/SERZM consortium” for tungsten ores, in the North
Portugal.

H) E1f - Aquitaine

Elf Aquitaine is currently evolved since 1981 in the
exploration of complex polymetallic sulphides in the South of
Portugal. See 6.1.

1) Ferro Corporation

Though Metal Portuguesa, SARL, the Perro Corporation (with
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.51pct participation) is present in the Portuguese market of
secondary lead, lead pigments and zinc oxydes and other compounds
(see 2.4. and 2.5.).

J) Rovalle Asturienne

Production of zinc laminated products (see 2.5.)

K} Bolidens

Withother participations in Portuvguese companies, not directly
enwdwed ‘in non-ferrous metals activities, the Swedish Group
Bolidens has with Quimigal a 50:50 partnership, incorporated in
Switzerland, for the trade of sulphuric acid: QUIMIBOL (see 4.s
4.3.1.C.)

L) sS¥3A

This Swiss corporation participates with Cuimigal in the 40:60
trading Company QUIMIBRO, directly envolved in the trade of non-
-ferrous metals (see 4.3.1.C)

M) BILLITON

An entreprise of the Shell Group, Billiton has been present
in several exploration activities (see vunder 6.l.):

- for tin~-tungsten, in Macedo de Cavaleiros, North-Portugal,
in the period 1980-1984:;

- for complex polymetallic sulphides, in two areas (Ervidal
and Mertola), both in Beja district, since 1981, later
added with other areas.

N) B.P. Minerals

Active in exploration of ~omplex polymetallic svlphides in
the south of Portugal since 1984 (See 6.1.): ’




- 169 -

0) utah

A contract of exploration to ygtah, for complex polymetallic
sulphides in the South of Portugal, was issuved in 1981 and
revoked in 1983 (see 6.1.).

P) Poreign interest associated to the mine of S.Domingos

An originally Spanish corporation - La Sabina - was set forth
to the exploration of complex pyrite in the S.Domingos mines in
1855;: having then essentially Prench capitals, it was mentioned
as representing Germany (Federal) capitals when its concession -
was revoked in 1984. Since 1855 vup to mine exhauvstion, in 1968.
La Sabina rented S.Domingos exploitation to Mason and Barry,
an tnglish - based corporation. (see 1.2.4.3.A.).

Q) Sor_ign oarticipations in the Cosper Smelter Prosect

Besides the preparatory actions for the implementation of the
"Copper Smelter Project” (see item 2.2.5.), Quimigal is commited
to promote, obtain and analyse private participations - portuguese
and/or Foreign - in such a project.

4.5. Industrial associations

The corporate interests of the Mining Industry are represented
by APIM - Associagdo Portuguesa das IndUstrias Mineiras; a similar
association is to bYe incorporated within a few days fcr the non-
-ferrous metal producers and transformers (A?IMKF - Asscciagao
Portuguesa das Industrias de Metais Nao Ferrosos). Both -
Associations are to be related to the corresponding "Liaison Co
Committees” (CDL) to acceed to the EEC organization as well as to
represent ccrIporate interest to the Portuguese Governmental
and to the Trade Unions concerned.-
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4.6. Trade Unions

Several Trade Unions ("Sindicatos") represent the interest of
wvorkers of the mining and of the metallurgical industries described.
Besides the geographical organization of Trade Unions (in general
North and South) and their c¢pplication in Pederations and Centrals
(two main centrals existing in Portugal), some Trade Unions
represent all the workers of a certain industry or industrial Wxanch
regardless of their position and task, and other represent only
certain professional class or group of workers, in all the
industrial activities they participate.

Work agreements are negociated and established between
Associations and Tracde Unions, with possible intervention of the
Government only in certain circunstances and generally for -
conciliatory purposes before arbitration.

Portuguese law also established workers representation insicde
entreprises by "Workers Committees”™, in principle independent £rom
Trade Unions organization and representation.

5. LEGAL AND INSTITUTIONAL ASPECTS
S.i. Mining laws

Portuguese mining law is still based in the Decrees 18,713
(of the lst August 1930) and 29,725 (of 1939), although with
modifications that abowt half a century of a continuous application
have required: a Portuguese majority in mine exploitation, and
rvles for the access of Foreign capital to exploration works,
were ruled by Decree-law 46,312 (of April, 1965).

The modifications experienced for mining activies as well as
the Portuguese membership to EEC determined the interest of a
more modern and adegvate mining law, already submited to the
p.glg-;gng for approval. The project of mining law was published
in "Boletim de Minas" and may be available from DGGM.
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A new regulation for occupational hygiene and safety in
mining works was recently issved (Decree-law n2.18/85 of the 15th
Janvary 1985).

In very general terms, the access to non-ferrous metals
mining follows the requirements of “"concessible substances®, i.e.
metal-containing substances"of lst class®

By issuving adequate legislation, the Government may cdefine
"captive areas”, i.e. areas in which existing knowledge may
suggest mineral resources of interest and where both exploration
and/or concession rights may be subjected to the formulation of
a contract. The definition of "captive areas" takes in duve
consideration the rights already establiished for interest
locations prior to respective declaration (95).

Abandoned concessions may be again atributed by public
bidding or by direct negociation.

The general rule for the atribution of mining rights for .
concessible sustances is the"dominial principle®, i.e. concession
(limitation time) for exploration of resources belonging to the

Portuguese State.

Therefore, access to the concession rights may take place,
according to current law, in following circumstances:

i - ownership of a register of discovery ("registo de
manifesto”) in free area, presented to the local Camara Municipal

(Town Hall for the Concelho area):

ii = vse of previsions set forth in a prospection and:
exploration contract in captive area;

iii - Application for orebodies discovered in captive area

iv - attribution of abandoned concessions.
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Several requirements and processval formalities are demanded
in each case: a first introdutory description was issved by DGG“
(85).

. The contract for ggosggctzon and eggloratxon° the

concession contracts

In the access to mining rights, the contractual relations
seems to be the trend proposed in more recent legislation,
although not yet approved. However, contracted relations may
already take place for prospection and exploration in captive
areas, as well as for the access to abandoned mines and for
transmission of mining rights.

In broad lines, a contract established for proziection and
exploration purposes may inclvde: definition of initial areé and
successive area reductions: contractVal dvration and possible
extension : minimal works and investments: provisions for the
case nf possible findings, i.e. right and conditions for
con~essions establishement of exgloitation, conditions for
exploitation, royalties and redevances, preemption rights to local
conéuming activities, other pertinent conditions: information and
transmission of resvlts: access to prior information (if --
existing): taxes and payments: Portuguese participation in works:
envircnmental conditions and obligations: transmission conditiohs:
force mai.cre; etc.

Concessicn contracts for the particuvular situvations above
mentioned (abandoned concessions or transmisson of rights) may
include provisions such as: general conditions, including
preemptionrights to local ccnsuming activities and direct acticn
in explcitaticn duties ; special conditions, such as: duration,
startvp data, Speéification and minimum investments in
preparatiwe and explorative works, startup data for exploitation,
requisits for the yearly established’exploitation plans,
obligations in exploitations, obligations of information,
obligations in development of local vses (if possible),
rights (in equal conditions) to Portuguese industries and
activies '(96).
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A certain similitvde exists therefore for the two contractual
types, duly adapted for aeach special sitvation described.

5.3. Access to the processing industries

As ageneral principle an open access is granted to the processing
industries,only requiring respective formal registration .

An "avthorization demand for industrial installation” is to be
submited to pertiment avthorities with description, details and’
other data assuring the observation of the "Regulation for
Industrial Activities (RILEI)”and of the respective environmental
obligations. Local avthorities may also formvlate specific demands,
reason why DGI or DGGM may be consvlted for respective prior
definition. These demands are usually granted with no major
problems but paperwork if the reguired conditions were observed.

After the erection of the plant and before resgective start-up
is made,one "comprowl of operative conditions" is also reguired:
this is made by cdemand of a local inspecticn sent to the .

interested avthorities.

5.4. Incentives provided to National industries

Several incentives (fiscal and financing) provided to national
industries are now in general revision to conform. with EEC
regulations. Reference to pertiment avthorities is therefore
recomended for each particular case.

5.5. Direct Poreion investment

Direct foreign investment in Portugal can be covered by

- general regime or
- contractval regime.

The contractval regime is deemed for those projects that show
special value to the Portuguese economy. Access to this regime
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formalized in an "investment contract" stating the incentives to
be granted and the major purposes and targets of the project
(investment, financing, employment, balance of payments), is
decided case by case according to above gquoted purposes and
targets, as well as of technological impact, access to new markets
and products, project location and other special features that .
may apply. A negociation process between IIE (Institute of
Poreign Investment, see 4.2.) and the interested corporations takes -
place: IIE acts on Dbehalf of the Portuguese Government and the
final agreement will be subjected to formal governmental approval.

The IIE may provide, vupon svitable requests, information on:
- featvres of the general regime:
- investment contract outline: -

- list of information regquired by the IIE:

and/or other data of interest for each particular case.

6. Strateaics of development and cooperation

Although pratically depending from external supplies in all
the listed non-ferrous metals, the features of each situvation are
different, as well as respective prospects. This requires a
diversified °~ effort, case by case, adequated to corresponding
requirements and to the development of Portuguese non-ferrous
metals industry, from mining (if rescurcez exist) to metal users

before final vtilization.

6.1. Non-exploited deposits

The discovery of Neves-Corvo may be regarded as the onset of
a generalized interest for prospection and exploitation both in the
Portuguese and Spanish portions of the Iberian Pyrite Belt, now
looking specially for deep orebodies. Cemand ané contractual.
relations have been established since then, covering almost all:
possible areas for new findings of deep sulphides orehodies (1).
A full listing and description of all activities engaged is
presented by GOINHAS (97), covering also other exploration




- 175 -

areas and target-substances.

Following corporati .ms oxr groups have been active in sulphide
exploration in the sovth of Portuvgal in the period 1980-1984:

Year 1980:

Somincor: exploration of envolving areas to Neves-Corvo core-
bodies (386 km?)

(it has to be stressed that the economic forecasts for Neves
Corvo were submited to the Portuguese Government only at the

end of 1979).

Year 1:981:

Utah: att 40 to SC kmznear Alvalade, Grandola: contract
revoked in 1983 with no findings:

EDMAE: abt 43 kmz arouvnd Aljustrel concessions: some
interesting findings in the connecticn with Aljustrel area:

Selection Trust, then B.P. Minerals:abt €35 kmzin the basin -
of Sadc river; contract revoked in 1984 after 47 intersection.
drillings (9CCO meters overall drilling lenght).

2 in Almodovar: one of the

Rio Holdings Norway: abt 380 km

areas was left in 1984: activities now reduced to a small area
near Ervidel (mine da Juliana).

‘Billiton:=-abt 420 km2 in Ervidel and Mértola; Ervicdel area
was left in 1983; in Mértola area, near the old mines of
Changa and S.Domingos, an intensive prospection follows.

ELf - Aciitaine: abt 1,300 km> in Cercal do Alentejo and
Curigue: in progress (although with reduced area}.
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Year 1982:

no applications for the Pyrite belt

Year 1983: -

Billiton: abt 1,500 km2 near the prior area and to the south
(by the Guadiana river)

Ric Artezia: 83 km2 near Mertola: contract revoked in 1984.

SPE/SEREM/EDMA: 605 km2 from Grandola to near the Lousal site:
in current exploration.

Year 1984: -

Rio Artezia. 176 km? in the Montemor-o-Novo area for complex

sulphides ané precious metals (gold).

Alentejo, for complex sulphides and gold.

8.0, Minerals: 1,500 km2 from Montemor-o-Novo to Viana do

Other exploration activities by estrepnevrial initiative for
the same period 1979-1984 were addressed to tungsten (2 contracts)
tungsten - tin (9 contracts), tungsten-tin-gold (1 contract),
preciovs metals (3 contracts), talc/asbestos (i contract), salt
(2 contracts) and vranium (1 contract): an active exploration
effort has been developed in paralel by the DGGM, namely
covering the big tin resources of Argimela and als» certain areas
of the Pyrite belt for tin exploration, Pollowing eantrepenevrial
contracts were reported:

197

\0

- Minemajve, Sn+¥ placers, Campo Maior 56 kmz, revoked in .
1985.
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- SPE/SEREM, Sn+W, 4,080 kmz. large area in the Braganga

district, obtained results, in progress:

- Casminex, Sn+W af Valpegas, 132 km, contract revcked in

February 1982:
- Billiton, Sn+W, Macedo de Cavaleiros, 2,0C0 kmz, contract

revoked in 1983:

1980
- Prominas, iCO km2, Sn+W, north eastern part of Braganga

district, contract revoked in 1982:

o

198
-~ Companhia Mineira do Norte de Portugal, Sn-W, Boticas, oC

k=m“, contract revoked in 1984;

N

198
2

- Beralt Tin, 650 km
progress;
- Volfrex, 66 km2 for Sn+W in Arovca in progress

for Sn+W, around Panasqueira, in

(Y]

198

Nec explorations for tin demanded

H

198
2 .
, hear Pinhel:

-~ Minemaque, Sn+W, 443 km
- Rio Artezia, Sn-W-Au, 523 km2 in Pundao and Penamacor
(Castelo Branco distiict):
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Poreseen and effective investments for exploration contracts
are also listed GOINHAS (97).

Figures in Table XLV, next page, were selected from that list -
to evaluate average minimum cobrigatory investments (B/A) and over-
-ron ratio (C,/B) for several explorations related to tin/tungsten
and complex pyrites (valves of 1983).

As a brief conclusion, the difference between specific ammounts
for each group of minerals is stressed and much depends from
specific characteristics of each area and from the technologies and
resources required.

According to above listing, the prospection and exploration
activities in Portugal were well in progress for complex sulphides
and tin: as also inclvded non-ferrous metals, tungsten is to be
mentioned (pratically always associated with tin), as well as
vraniuvm; aditionally a recent growing interest for precious metal,
namely gnld, is evidenced.

These lists also demonstrate a large and sustained international
activity - including several presences from the big transnational
mining groups.

Exploration activities are granted coordinated grated and
fiscalized by DGGM.

6.2. Envisaged or feasible projects

6.2.1. mining

Specific references were already made to the main mining projects
for non-ferrous metals, that are already in development or may take
place in a near future. These are:

- for copper and complex ores:
Somincor project (see 1.2.5.4.), is full scale progress;




. e

Table XLV: Data on select 1 ¢
e o83 ootad, axPlgTpign contracts

Entreprise Contract Area Mininear Actval
data sz obligatory investment
investment 103pTE
103p1E B/A c/B
Tin-tungsten
Minemage 1979 56 4800 4150 85.7 0.865
SPES/SEMEM 1978 4080 50000 * 234730 12.3 4.69%
Casminex 1980 132 7000 14240 53.0 2.034
Billiton 1980 2000 52500 . 69020 ¢ 26.3 .1.318
Promines 1980 "$00 7000 3800 l4.0 0.543
CNNP 1981 20 5000 3620 55.6 0.724
Beralt 1982 650 10000 25130 15.4 2.513
Volfrex 1982 89 7500 7500 84.3 1.000
Svlphides _
Somincor 1960 386 50000 26 3410 129.5 5.268
Utah 1981 100 15000 20700 150.0 1.380
Edma 1981 43 10000 218%0 232.6 2.129
Seltrusat 1981 635 300840 128450 158.8 1.274
Rio Holdings 1981 330 10000 72410 30.3 7.24)1
Norway
Billiton 1981 420 56000 161510 133.3 2.084
Elf Aquitaire 1981 1300 108900 197550 83.8 l1.6814
Billiton 1983 1500 25000 45970 152.0 1.835
Rio Artezia 1983 83 2000 5540 24.1 2.720

SPE/SEMEN/EDMA 1983 605 1500 17660 24.8 1.177

- 6l1 -
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- for basic non-ferrous metals (copper, zinc and lead) from
complex pyrites:
Aljustrel project (see 1.2.4.5.), in the feasibility
after pilot testing:

- for tin:

Argimela project (see 1.5.), pre-feasibility stage:
Somincor project (see 1.2.5.4. and 1.5), at preliminary
research stage: .

As a consequence of pyrite flotation required by the two
first projects above listed, big quantities of by-prcduced rich
pyrite tailings may be available as a potential sovrce of
sulphur (vg. as suvlphuric acid): this may change the pattern of
sulphuric acid produvction in Portugal (whether combined or not
with the acid from the Copper Smelter Project) and/or represent
(together with similar -production in Spain) a potential sulphur
sovrce £ar external consumers in near-by areas.

€.2.2. Primary processing

Sevaral metallurgical projects were already mentioned.
However ~nly the most relevant primary processing projects will
be recalled now, since they may represent the more relevant
prospective achievements in this sector:

- for copper smalting and refining: the copper smelter and
refining project (sec¢ 2.2.5): this unit, conceptually based in the
productioh of Neves-Corvo, may collect all other copper fractions
(primary and/or secondary) available in Portugal.

Its production,in terms of sulnhuric acid, is also a very
important contribution.

- for bulk or mixed concentrates: althouvgh current philosophy
of complex pyrite treatment in Portugal is directed towards the
production of separate concentrates for each basic metal, as
already explained, it is obvious that the production of bulk
concentrates covld be easier and re@arding, if proper
metallurgical methodes were available for such non-commodi:y
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mining products.

Besides the . quest for a suitable process carefully carried
on by C.P.P. with the support of international cooperation (see
1.2.4.4. and 2.2.6), development efforts have been pursuvited in
this trend. Quimigal and the State's Industrial Laboratory LNETI
are cvrrently investigating an original version of RLE process,
also with international support (57), SAPEC is also proceeding
to research and development these areas.

- for pyritic residves (or "floated pyrite”): an active
analysis of this "sulphur availability" is being dome in Portugal.

- for separate metal concentrates: the studi.g of the
metallurgical possibilities of differential metal concentrates is
also under consideration, in connectior to their potential
availability anéd possible processing routes - these including
available facilities,whenever possible.

- for tin smelting: a certain racionalization of surglus

smelting capacity is to expect in relation with respective mining
evolution.

6.2.3. Semis and secondary processing

The recent insertion of Pnrtugal in a larger integrated
economical space i.e. the E.E.C.,will imply a carefuvl -
examination of Portuguese industry capabilities for passing
beyond the classical "cdimension constrain” that up to now has
sensibly affected Portuguese metallurgical industries.

Such a sitvation, particuvlarly relevant for metals like
aluminivm in which no immediate pfos;ects, of natural resources
can be called vpon, is also connected with secondary processing
by collection of scrap and tocyclinb,

A greater utilization of available capacities, in some plants
(vg. aluminium extruvders, copper wire :od) may be the effect of
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also a greater agressivity and diversified offer in foreign and/or
domestic markets. This regquires also a very active marketing effort
in a Country where the production has been somewhat protected in
the past,and surely traditional. The availability of certain time-
limited regressive protection clavses under E.E.C., on the basis of
"new industries” principle .for some of the outputs, is just a
reason to a timely ordered effort to obtain competitivity. A
revision of national information System and statistica is alsc a .
must for a positive evolution, as well as the reformulation of
certain areas with "atomized” industries with lower technological
content.

6.3. International cocperation

In pratically all these lines, a characteristic of Portuguese
experience is having remarkible skills but keeping a certain "shyness"
for selling abroad own technologies. This complex situation, that
got deep roots from Portuguese industrial traditions demands a
strong cultural modification of the intervening agents toc be
changed.Therefore a "first key” to internaticnal cooperation
resvlts from the technological needs at least feor their onset in
almost all industrial achievements described (with remarkable
exceptions, however).

Other coopeiztive actions, either with institutional or
supranational organizations or envolving bilateral relationships,
have been put in work. C.P.P. projects gave a good (but, helas,
unknown) example of how to act sucCessfully in a frame work of
industrial relations (22), and some of the trends of basic non-
-ferrous metals industries in today's Portugal are a conseguence
of that commnon effort. Emphasis is put in how to keep aliwe and . .
well productive all the technological contributiors arising from
those active exchange of experience. International cooperation in
technical and financial grounds was applied for and keeps
favoured several investigations currently in progress (57).

‘Permanent dialogue also follows with neighbour Countries, such
as Spain (98,99), where significative amounts of similar natural

‘: | |
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resovrces do exist, and Morocco (100), in which case several
areas of common interest can be. found. -

6.4. As 3 conclusion

In basic non-ferrous metal industries (aluminium, copper,
nickel, lead, zinc and tin) Portugal is today remarkably
dependent from external supplies.

The availability of natural resources, although envolving
specific technological difficuvlties, may n a medium term)
clearly change that sitvation.

A big effort :and coherently sustained viewpoints about non-
~-ferrous metal indusirial policies, with realistic objectives
and enough flexibility to take into account the evolution of
metal markets and consumptiorgwill be required to achieve that
changement with a maximum of national utility.
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