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Alaska, which is scheduled to begin production in
1990. 19 This mine has estimated ore reserves of 77
million tomes grading 17.1 percent zinc, 5 percent
lead, and 80 grams/tonne silver. At its planned
annual production of 70,000 tonnes of lead in
concentrates, Red Dog will be the country’s third or
fourth largest lead mine. It will increase U.S. lead
mine production by 16 percent over 1989 levels. The
mine will ship half of its concentrates to Cominco’s
Trail zinc-lead smelter in British Columbia and the
rest to coastal smelters in the Far East and Europe .20

Cominco also owns half of the Magmont lead-
zinc mine in Missouri. Magmont, which accounted
for 18 percent of U.S. mine production in 1988, is
currently the second largest lead mine in the country.
Dresser, a machinery manufacturer, is the other
owner of Magmont.

Other Companies

The other major firms in the U.S. lead industry are
mining companies. Bunker Hill Mining, Star-
Phoenix Mining, and New Butte Mining operate
lead-zinc mines. Hecla, Montana Tunnels (a subsidi-
ary of Pegasus Gold), Greens Creek (a joint venture
of RTZ, Hecla, Exalas Resources, and CSX Oil &
Gas), and Washington Mining (in partnership with
Alta Gold and Echo Bay) produce lead from
precious metals mines.

U.S. Interests in Other Countries

The U.S.-based companies that currently have
foreign lead-zinc holdings are Asarco, Phelps
Dodge, and Cerro Copper, Asarco has ties to MINI,
a large Australia-based producer of nonferrous
metals and coal,21 MIM has lead facilities in
Australia (Mt. Isa mine) and the United Kingdom
(the Britannia refinery) as well as equity interests in
Cominco. Asarco also owns 34 percent of Medimsa
which runs silver-lead-copper-zinc mines, mills, and
smelters in Mexico. Phelps Dodge is primarily a
copper company, but owns 45 percent of Black
Mountain, a major lead-silver-zinc-copper mine in
South Africa. Cerro Copper owns 34 percent of the
Buenaventura zinc-lead mines in Peru. Two other

U.S. firms have recently sold their foreign lead and
zinc holdings. Amax sold its share of Fresnillo in
Mexico. USX sold its share of the exhausted Prieska
mine in South Africa.

Canada

Canada is the largest NSW zinc producing coun-
try and third ranking lead producer.22 It is also a
major exporter of lead and zinc. During 1985-88,
about 40 percent of its concentrate output was
exported, primarily to Japan, Belgium, and West
Germany. Of its refined metal output, Canada
exports about half of its lead and three-quarters of its
zinc. The United States is the major destination for
both refined products.

Production in Canada is dominated by Cominco,
Noranda, and their subsidiaries. These two compa-
nies are especially strong in the processing sector.
They control all of Canada’s lead processing capac-
ity and about 70 percent of its zinc processing
capacity. In the lead mining sector, they, along with
the Faro joint venture, are the major producers. The
zinc mining industry is somewhat more broad based,
with Falconbridge, Hudson Bay, Nanisivik, and
Westmin having some presence.

Cominco (partially owned by Teck, MIM, and
MG) is a major nonferrous metals producer. It has
major zinc-lead mines in western (Sullivan, British
Columbia) and northern (Polaris, Northwest Territo-
ries) Canada, and interests in mines in the United
States (Magmont and Red Dog), Australia (Aber-
foyle), and Spain (Exminesa). The company is
especially adept at Arctic mining.

Cominco has a major lead smelter and zinc
electrolytic refinery at Trail, BC and an interest in
the Mitsubishi-Cominco lead smelter/refinery in
Japan. The Trail plant processes the concentrates
from Sullivan and other Canadian mines. The
company sells, buys, and toll refines large amounts
of concentrates.

Cominco claims to account for about 10 percent
of NSW mine production of lead and zinc .23
—— . .

lgcofico-~~kais  developing the mine and will operate it when it is commissioned. NANA (an Alaskan Native corporation) o- the fieral rights
to the property.

~s~te  of AIaska,  Division of Geological and Geophysical Surveys, Alaska’s Mineral Industry, Special Report 43, 1988.

21&Mco Ow 19 percent  of ~~ and MM Oms 25 perCerlt of As~o.  me relationship is one of passive ownership and entails 1itt]e operatiomd
control.

~C~da produces n~ly all of its lead and about half of its zinc from mixed ores.
nComiUco  Annual  Report, 1988.
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Three-quarters of the company’s sales are from the
metals business, including copper, lead, zinc, silver,
gold, molybdenum, cadmium, bismuth, iridium, and
fabricated metals. The company also has a substan-
tial fertilizer business.

Noranda, active primarily in eastern Canada, is
focused more on zinc than lead. Its Brunswick
operations produce zinc-lead ore and its Ontario/
Quebec mines produce zinc-copper ore. Noranda is
a diversified natural resources company with inter-
ests in nonferrous minerals and forest, energy, and
manufactured products. The nonferrous segment
produces zinc and lead, but also large quantities of
gold, silver, and copper.

24 Noranda’s lead business
is run through its partial ownership of Brunswick
which has a mine and a smelter in New Brunswick.
The zinc business is comprised of mines in Ontario
and Quebec (run by Brunswick and Noranda itself)
and a zinc refinery at Valleyfield, Quebec (run by the
Canadian Electrolytic Zinc subsidiary).

The Faro joint venture operates a large zinc-lead-
silver mine in the Yukon. The mine reopened 1986
and is currently owned by Curragh Resources and
Boliden. Fare’s concentrates are sent to the Far East
and Europe for processing.

Falconbridge, best known as the world’s second
largest nickel producer, mines copper-zinc ores at its
Kidd Creek facilities in Timmins, Ontario. About
half of the concentrates are processed onsite and the
other half are shipped elsewhere. In late 1989,
Falconbridge was bought by Noranda and Trelle-
borg of Sweden.25

Other Canadian zinc facilities are Hudson Bay’s
Flin Flon mine and smelter in Manitoba; Westmin’s
Myra Falls mine in British Columbia; and the
Nanisivik mine in the Northwest Territories. Hudson
Bay is owned by Inspiration Resources, which in
turn is controlled by Anglo American of South
Africa. Westmin and Noranda are both partially
owned by Brascan.

Australia

Australia is a major lead and zinc producer whose
industries have grown significantly in the last 10 to
15 years. It exports about 90 percent of its lead and

zinc output. During 1985-88, Australia exported 23
percent of its lead as concentrates (mostly to Japan
and Belgium), 44 percent as bullion (to the United
Kingdom), and 34 percent as refined lead. About 70
percent of the zinc exports during this period were in
the form of concentrates (mostly to Japan, Europe,
and South Korea), with the remainder being shipped
as slab zinc. There has been a great amount of
exploration and development in Australia in recent
years, much of it has focused on zinc.

Australia’s major lead and zinc companies are
Pasminco and MIM. Pasminco was created by the
merger of the lead and zinc operations of CRA
(partially owned by RTZ) and New Broken Hill
Holdings (NBHH) in July 1988. CRA and NBHH
each own 40 percent of the company, the remainder
is publicly held. Pasminco accounts for an estimated
45 percent of Australia’s lead mine production and
about half of its zinc mine production. It also
operates all of the countrys lead and zinc processing
capacity, except for one lead bullion smelter (MIM).
In terms of refried metal, Pasminco accounts for an
estimated 10 percent of NSW zinc production and 7
percent of lead output.26

Pasminco’s lead-zinc mines are centered in the
Broken Hill area of New South Wales. The mines
have rich ores, but are considered high cost opera-
tions. The company processes concentrates from all
over Australia at its Port Pirie (South Australia),
Risdon (Tasmania), and Cockle Creek (New South
Wales) smelters. It also operates the country’s only
lead refining facility (Port Pirie). Pasminco’s inter-
ests outside of Australia include the AM&S lead-
zinc smelter at Avonmouth in the United Kingdom
and partial ownership of the Budelco zinc smelter in
the Netherlands.

MINI owns the silver-zinc-lead complex at Mt.
Isa/Hilton (Queensland) which accounts for about
35 and 30 percent of Australia’s production of lead
and zinc respectively. Some of the lead is shipped
out as concentrates. Most, however, is smelted into
bullion onsite and then shipped to the company’s
Britannia refinery in the United Kingdom or to
Japan. All of the zinc is sold as concentrates. MIM’s
lead and zinc interests outside of Australia include
the Britannia lead refinery, partial ownership of

~Noranda>~  alum~um smel~g facilitks are included in its manufacting  sector.
~Trel]eborg a]so Oms 50 percent of Boliden,  a Sweden-based nonferrous metals producer.

zGIan Hammond,  “CRA—The  Australian Connection,” Engineering and Mining  Journal, vol. 190, No. 8, August 1989.
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Ruhr Zink (a West German zinc refining firm) and
ties to Asarco, Cominco, Teck, and Metallgesell-
schaft.

Australia’s other producers operate zinc-lead
mines. Aberfoyle (partially owned by Cominco) has
mines at Hellyer and Que River in Tasmania. A
project that quadrupled Hellyer’s capacity was
completed in March 1989. Nicron runs the Wood-
cutters mine in the Northern Territory. The Cadjebut
mine (owned by BHP and Billiton) in West Kim-
erly, West Australia began production in 1987. The
Lady Loretta and Thalanga mines (owned by Pan-
continental and Outokumpu) in Queensland are
expected to be brought on-stream in 1990.

Mexico

Mexico is a medium-sized lead and zinc producer.
Most of its output comes from mines where silver is
the primary interest. The country exports about 60
percent of its lead and about two-thirds of its zinc.
The lead is shipped mostly as refined metal. The zinc
is exported as both concentrates and slab zinc.

Mexican mine production is dominated by Med-
imsa, Penoles, Real des Angeles, and Frisco. These
four companies account for about 80 percent of the
country’s lead mine output and 90 percent of its zinc
mine output.27 Penoles and Medimsa operate nearly
all of Mexico’s lead and zinc processing capacity.

Medimsa (owned by IMM and Asarco) is the
largest lead and zinc producer in Mexico. It operates
seven silver-zinc-lead mines, a lead smelter at
Avalos Chihuahua and smelter/refinery at Mon-
terey, and a zinc refinery at San Luis Potosi.
Medimsa processes all of its output of lead concen-
trates, but sells or has tolled about half of its zinc
concentrates.

Penoles operates a number of smaller mines
(either directly or through its partially owned
Fresnillo subsidiary) and a large smelter/refinery at
Torreon, Coahuila. The processing facility produces
more lead and zinc than do the company’s mines. Of
the refined metal produced, roughly 60 percent of
the lead and 35 percent of the zinc is based on
purchased or tolled concentrates.

Frisco operates two smaller silver-zinc-lead
mines and has an interest in the Real des Angeles

lead-zinc mine. The Real des Angeles silver-lead
concentrates are processed at the Penoles smelter.

Peru

Peru has a medium-sized mining industry and a
small processing sector. Most of the lead and zinc
comes from multimetallic ores that are mined
principally for their silver. Peru exports about
two-thirds of its lead and zinc concentrates.

Centromin (owned by the Peruvian government)
accounts for about 30 percent of the country’s lead
mine production and about 40 percent of its zinc
mine production. The company has five silver-zinc-
lead mines. It also has a processing plant (La Oroya)
that encompasses a lead smelter/refinery and an
electrolytic zinc refinery. All of Centromin’s lead
concentrates and a quarter of its zinc concentrates
are processed at La Oroya.

The remainder of Peru’s lead and zinc mine
production is from smaller local independent pro-
ducers such as San Ignacio Morococha (the largest
private zinc mine), Milpo (the largest private lead
mine), and Atacocha. There are also some smaller
mining companies held by foreign interests, includ-
ing Nor Peru (partially owned by Asarco), Huaron
(partially owned by Metaleurop), Santander (owned
by Docarb), and Buenaventura (partially owned by
Cerro Copper, Centromin, and the World Bank).
Peru also has two additional processing facilities.
Mineroperu (owned by the government) runs a zinc
refinery at Cajamarquilla. Fundeconsa operates a
small lead refinery at Sayan.

Mineral production in Peru has been plagued by
political strife, labor strikes, and natural disasters.
These perennial problems deter foreign investment
in Peru’s industry. Little growth is expected in
Peruvian production for some time.

Japan

Japan has some mine production, but is primarily
a processing country. It is the NSW’s second largest
producer of both refined lead and refined zinc. Japan
imports about three-quarters of its zinc concentrates
and 90 percent of its lead concentrates. Australia,
Canada, and Peru are the largest suppliers. Japan is
roughly self-sufficient for refined lead and a net

270r1ando  Martino,  “The Mineral Industry of Mexico, ” Minerals Yearbook, vol. III, 1986 ed. (Washington, DC: U.S. Department of the Interior,
Bureau of Mines, 1988).



50 ● Nonferrous Metals: Industry Structure

importer of refined zinc. The principal zinc suppliers
are North and South Korea.

Four companies (Dowa, Mitsui, Nippon Mining,
and Mitsubishi) have both mines and processing
facilities in Japan. Four others (Akita Zinc, Toho
Zinc, Hachinoe, and Sumitomo) have only smelter/
refineries. The principal owners of Akita Zinc and
Hachinoe are Dowa and Mitsui, respectively. All of
these companies, except for Dowa in the lead sector,
must purchase or toll concentrates to maintain their
economic processing levels. Mitsubishi and Com-
inco are involved in a joint venture to process the
latter’s Canadian lead concentrates.

Spain

Spain is Europe’s largest zinc miner and second
largest lead miner. The mines, located in the
southwestern part of the country, contain complex
ores that are relatively difficult to process. The major
lead and zinc mining companies are Exminesa,
Boliden, Asturiana de Zinc, and Almagrera. Spain’s
smelting/refining companies are Metaleurop, As-
turiana de Zinc, and Espanola de Zinc. Metaleurop,
which owns the largest lead smelter, produces over
three-quarters of the country’s refined lead. Asturi-
ana de Zinc, the largest zinc smelter, accounts for
roughly 80 percent of Spain’s refined zinc output.

Sweden

Sweden exports about one-quarter of its lead
concentrates and all of its zinc concentrates (primar-
ily to Finland, Norway, and France). The industry is
dominated by Boliden, which accounts for roughly
60 percent of the country’s lead and zinc mine
production and all of its refined lead production. The
company smelts its lead concentrates at Ronskar and
ships the zinc concentrates to its partially owned
Norzink subsidiary in Norway. Boliden’s other
foreign holdings include the Black Angel mine in
Greenland and a small interest in the Faro mine in
Canada.

Most of the rest of Sweden’s mine output is
produced by Vieille Montagne (part of Acec-Union
Miniere). This company’s lead concentrates are sent
to Boliden’s Ronskar plant; the zinc concentrates are
sent to its own facilities in France.

Ireland

Ireland is a small zinc mine producer. It has one
mine and no smelting/refining capacity. Tara

(owned by Outokumpu and the Irish government)
runs the Navan zinc-lead-silver mine. It is Europe’s
largest zinc mine. The concentrates are all sent to
other European countries for processing.

Yugoslavia

Yugoslavia has five lead-zinc producers, all of
which are government-owned. RMHK Trepca is the
largest. The ores are multimetallic and have a higher
proportion of lead than is found in most places
except the United States. Almost all of the concen-
trates are processed domestically.

West Germany

Germany is Europe’s largest primary lead and
zinc smelter/refiner. It is also a major secondary lead
producer. It imports over 80 percent of its lead
concentrates and bullion. Metallgesellschaft (MG)
and Metaleurop dominate production in Germany.
MG runs the country’s only lead and zinc mines, and
operates several smelters, through its Berzelius
Metallhutten subsidiary. It also has interests in the
Norddeutsche Affinerie (owned by MG, MIM, and
Degussa) lead plant, and the Ruhr Zink (owned by
MG and MIM) zinc plant. Metaleurop was created in
1988 by the merger of Preussag (Germany) and
Penarroya (France). It is now Europe’s largest lead
producer and second largest zinc producer (after
Vieille Montagne). In Germany, Metaleurop has
lead and zinc processing facilities at Nordenham.
The company has additional plants in Spain and
France.

France

France has three lead and zinc processing facili-
ties, for which it imports most of the required
concentrates. The largest concentrate suppliers are
Canada, Sweden, Peru (zinc), and South Africa
(lead). Metaleurop accounts for all of France’s
refined lead production and about one-third of its
zinc production. The company has a large complex
at Noyelles-Godault, Pasde Calais. The facility is
somewhat rat-e in that it produces nearly twice as
much lead as zinc. The other two-thirds of the
countrys refined zinc production comes from
Vieille Montagne’s plants at Auby.

United Kingdom

T h e  United  Kingdom has  one  pr imary  lead
refinery, the Northfleet plant run by MIM’s Britan-
nia subsidiary. This facility refines lead bullion from
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the MIM Mt. Isa complex in Australia. Pasminco has
a lead and zinc smelter at Avonmouth. Its lead
bullion is exported to refineries in Italy, Germany,
and Belgium.

Belgium

Belgium imports all of the concentrates needed by
its lead and zinc processing industry. The largest
suppliers are Peru, Australia, and Greece for lead
concentrates, and Canada, France, and Mexico for
zinc concentrates. Belgium’s capacity is essentially
all controlled by Acec-Union Miniere through two
of its subsidiaries, MHO and Vieille Montagne.
MHO runs all the country’s lead capacity and
roughly 45 percent of its zinc capacity. The com-
pany’s lead (and copper) facilities are at Hoboken
and its zinc operations are at Overpelt. Vieille
Montagne’s Balen plant accounts for the rest of
Belgium’s zinc production.

The Netherlands

The Netherlands’ only primary zinc plant is
Europe’s largest. It is run by Budelco (owned by
Billiton and Pasminco) and processes concentrates
from Canada, Australia, and Ireland.

Italy

Italy is a medium-sized zinc producer. Its industry
is dominated by Metaleurop’s Pertusola subsidiary
and Nuova Samim (partially government-owned).
Pertusola accounts for about 55 percent of the
country’s zinc production. Nuova Samim accounts
for the remainder of the zinc and a small amount of
lead production. The zinc concentrates come from
Canada, Ireland, and Peru.

Finland

Finland has one producer, Outokumpu. It mines
mostly zinc, but also a little lead. The concentrates,
along with those from the Tara subsidiary in Ireland,

are processed at the company’s Kokkola smelter/
refinery.

Norway

Norway’s only producer, Norzink (owned by
Boliden and RTZ), refines zinc at Eitrheim. The
principal sources of its feed materials are Boliden’s
Swedish mines and smelters.28

Other Countries

Other large producers around the world include:
Black Mountain and ZC South Africa in South
Africa; Touissit, Djebel Aouam, and Zellidja in
Morocco: CMM and Paraibuna in Brazil; Korea
Zinc and Young Peon in South Korea; Padaeng in
Thailand; and Gecamines in Zaire. Several of these
are affiliated with companies discussed earlier:
Black Mountain (Phelps Dodge) and Touissit and
Djebel Aouam (Acec-Union Miniere).

Recent Producer Mergers and Alliances

In the late 1980s, the world lead and zinc
industries went through a period of consolidation.
Doe Run (United States) brought together the lead
operations of Fluor and Homestake. Pasminco
(Australia) was formed from CRA and NBHH.
Metaleurop (France) was created through the merger
of Penarroya and the lead and zinc operations of
Preussag. Somewhat older are Acec-Union Miniere
and the MG-MIM-Teck-Cominco-Asarco group.
Acec-Union Miniere (Belgium) consists of Vieille
Montagne, MHO, Asturienne, and Jersey Miniere.
Interlocking ownership joins MG (West Germany),
MINI (Australia), Teck (Canada), Cominco (Can-
ada), and Asarco (United States). (See figure 4-6.)
The group controls an estimated one-quarter of
NSW primary refined lead production and 20
percent of primary slab zinc output. It has even
greater shares in the mining sector.29

Xwcbd H. Stigleto% ‘‘The Mineral Industry of Norway, ” A4ineraZs  Yearbook, vol. III, 1985 ed. (Washington DC: U.S. Department of the Interior,
Bureau of Mines, 1987).

~pa~o de S4, “Structural Ctinges  and Price Formation in the Minerals and Metals kdusv,” Resources Policy, vol. 14, No. 4, December 1988,
pp. 25’7-273.
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Figure 4-6-Cross-Share Participation between Metallgesellschaft-MIM-Teck-Cominco-Asarco, 1990
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SOURCE: Pauio de 3, “Structural Changes and Price Formation in the Minerals and Metals Industry,” Resources Po/icy, VOI.1 4, no. 4, December 1988, pp.
257-273; updated by the Office of Technology Assessment, 1990.



Chapter 5

Zinc Industry

INTRODUCTION
Zinc has been used in brass and bronze since

ancient times. The metal was produced in its
elemental form much later. In the 20th century, the
invention of froth flotation spurred zinc production
and the development of galvanizing increased its
use.

Uses

Zinc is the third most used nonferrous metal, after
aluminum and copper. Most primary zinc is recov-
ered as slab. The largest use of slab zinc is for
galvanizing (and electrogalvanizing), an application
which accounted for 51 percent of U.S. consumption
in 1988. Other uses include zinc-based die-cast
alloys (23 percent), brass alloys (13 percent), chemi-
cals, and dusts. The galvanized products are used in
the steel, automobile, and construction industries.
No substitute for galvanizing exists for protecting
large tonnage iron and steel products from corro-
sion.1 Secondary zinc, most of which comes from
new scrap, is used to produce brass and bronze (46
percent of 1988 domestic use), slab zinc (26
percent), chemicals (18 percent), and dusts (7
percent).

Production Methods and Technologies

Zinc is produced mostly from the sulfide ores:
sphalerite (ZnS) and marmatite ([Zn,Fe]S). These
ores, also known as zinc blende, are commonly
associated with galena, the principal lead ore. Over
80 percent of nonsocialist world (NSW) zinc mines
are underground operations. After mining, the ore is
crushed, ground and subjected to several froth
flotation steps to remove the lead, iron, and gangue
(waste rock). The resulting zinc concentrates typi-

cally contain 50 to 64 percent zinc. These beneficia-
tion steps are performed at the minesite.3

At the smelter/refinery, zinc is produced by one of
several processes that smelt and refine the metal
simultaneously. Regardless of the process, the
concentrates are first roasted into zinc-oxide materi-
als. In roasting, the concentrates are burned in the
presence of oxygen (usually from air) thus forming
crude zinc oxides and gaseous sulfur dioxide. Most
modern roasters are fluid-bed reactors.

The crude oxide is then smelted/refined by
electrolytic or pyrometallurgical methods. The elec-
trolytic process is the most common method, ac-
counting for about 80 percent of NSW smelting/
refining capacity. In the first step of this process, the
crude oxide feed is leached with sulfuric acid to
produce a zinc sulfate solution. This is then purified
and pumped into electrolytic cells. The cells use
lead-silver anodes and aluminum cathodes. Upon
application of the current, the zinc in the solution is
reduced and deposited on the cathode. The cathode
is stripped periodically and the zinc metal is cast into
ingots. Virtually all impurities remaining from the
preparation processes are eliminated. Electrolytic
z inc  needs  no fur ther  ref in ing.  Pur i ty  normal ly
exceeds 99.95 percent and can possibly be 99.995
percent or better.

In the pyrometallurgical production methods, the
crude zinc oxides from the roaster are first sintered
in a Dwight-Lloyd moving grate machine or a rotary
kiln to yield a homogeneous feed. The sinter is then
heated to above 1,832 ‘F (a temperature at which
zinc is vapor) in the presence of a reducing agent
(chiefly carbon monoxide) in one of four types of
f u r n a c e s .4 This  reduces  and vapor izes ,  the  z inc ,
which is then collected in a condensation vessel.

IJames  H. Jolly, “Zinc,” Minerals Yearbook, vol. I, 1988 wI. (Washington, DC U.S. Department of the Interior, Bureau of Mines, 1990).
WarlH.Cotterill,‘‘Zinc Metallurgy,” McGruw-HillEncyclopedia  on Science and Technology (New York, NY: McGraw-Hill, 1987). James H. Jolly,

“Zinc,” Mineral Facts and Problems, 1985 ed. (Washington, DC: U.S. Department of the Interior, Bureau of Mines, 1985).
3zkc  oxide ores,  w~ch  have declin~  in impomnce  since the development of the froth flotation process, and other zinc bearing Seeondw ma@ri~S

are genemlly  not concentrated at the minesite. They are pyroconcentrated  at the smelter in a Waelz rotary kiln or by slag fuming.

d~e four pvometal[wgica]  Zinc production technologies are: the horizontal (Belgian) retort, the vertical (New Jersey) retofl, the elecmotietic  (St.
Joseph) retort, and the blast (Imperial Smelting) furnace. The Imperial Smelting Process (ISP), which is used primarily in Europe, Japan and Australia,
is the most common. It is basically a lead blast furnace with a zinc recovery system added. It can treat mixed zinc and lead concentrates, low-grade
concentrates, and oxide concentrates. The Belgian process, the oldest, is a batch method. The New Jersey and St. Joseph methods are continuous
processes. A fifth pyrometallurgical  technology, the Soviet-developed Kivcet process, hm found limited use. It can process lead-zinc concentrates
directly, thus elimimting the need for sintering.
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Most of the impurities are eliminated to the furnace
residues. Zinc recovered by any of the pyrometallur-
gical methods is less than 99 percent pure. The
quality is adequate for hot-dip and continuous line
galvanizing, and for some brass uses. However, for
die casting, the zinc must be further refined.
Fractional distillation is the most common method
of upgrading the lower purity zinc.

THE 1980s
The U.S. zinc market started the 1980s on a mixed

note (see figures 5-1 and 5-2). Prices (averaging
$0.37/lb) in 1980 were slightly higher than those of
the late 1970s. In 1980, domestic mine production
(349,000 tonnes) was higher than it had been in the
two previous years, but below what it had been for
most of the 1970s. Slab zinc production (370,000
tonnes) was much lower in 1980 than it had been in
previous years.

The price of zinc, unlike those of the other metals
in this study, remained above its 1980 level for the
entire decade. The greatest increase came in the late
1980s, when zinc prices rose from $0.42/lb in 1987
to $0.83/lb in 1989. U.S. mine production fell during
1980-86. It rose in the later years, but ended the
decade down 20 percent. Primary refined pro-
duction, which declined sharply in 1982, finished
the decade down 26 percent.

Secondary zinc increased its importance in the
market during the 1980s. In 1989, it accounted for 23
percent of slab zinc production in the United States.5

Most secondary material is recovered as products
other than slab zinc. The extensive use of zinc in
galvanizing and other dissipative uses limits the
potential for increased recycling. New scrap is
principally zinc alloy and brass from manufacturing
operations.

U.S. slab zinc consumption rose throughout most
of the 1980s. Its only large decline came during the
recession in 1982. Consumption in 1989 was 21
percent greater than that in 1980 (but only 8 percent
greater than the 1975-79 average). Most zinc used in
the United States is imported. In 1989, total U.S. slab
production (primary and scrap-based) amounted to
only 34 percent of domestic consumption.

Figure 5-l—Zinc Prices, 1975-89

Cents/pound
100

75-79 80 81 82 83 84 85 86 87 88 89

Year

-  current $ i:: 1980$

NOTE: U.S. producers price- High Grade zinc delivered. Prices inconstant
1980 dollars were calculated using producer price index. Bars
labeled 75-79 represent averages for the period 1975-79.

SOURCE: U.S. Bureau of Mines.

In the nonsocialist world, zinc output and use rose
fairly steadily during the decade (see figure 5-3).
NSW production and consumption in 1988 were
both around 5.2 million tonnes, which represented a
17 percent increase over the 1980 levels.

The openings, closings, and ownership changes
that occurred in the U.S. primary zinc industry
during the 1980s are profiled in table 5-1. Two new
zinc mine (Pierrepont and Ward Mountain) and two
zinc-producing precious metals mines (Greens
Creek and Montana Tunnels) opened during the
decade. In addition, zinc is recovered from the West
Fork lead mine which opened in 1985. The Butte
Hill zinc-lead-silver mine, which had been closed
since the early 1970s, reopened in 1990. The Red
Dog zinc-lead mine is slated to begin full production
in 1990. Five zinc mines were permanently closed in
the 1980s. In the processing sector, three smelter/
refineries were closed permanently and no new ones
opened. During 1980-88, U.S. primary slab zinc
capacity declined 44 percent to 320,000 tonnes.

Acec-Union Miniere (based in Belgium) in-
creased its position in the U.S. zinc industry in the
1980s. It acquired full control of Jersey Miniere in
1984 and purchased the USX zinc facilities in 1989.
Horsehead Industries entered the industry by pur-
chasing zinc facilities from New Jersey Zinc and

Sncse fiwres  represent  the slab zinc recovered from both new and old scrap. Old scrap comes from discarded products, new scrap is waste fmm
fabricating and other manufacturing processes. In 1988,342,000 tonnes of secondary zinc were recoveredflom old scrap (97,000 tomes) and new scrap
(245,000 tonnes), and recover-edas  slab zinc (89,000 tonnes) and other products (254,000 tonnes). James H. Jolly, “Zinc,” Minerals Yearbook, vol.
I, 1988 cd. (Washington, DC: U.S. Departmcn(  of the Interior, Bureau of Mines, 1990).
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Figure 5-2--U.S. Slab Zinc Production and
Consumption, 1975-89
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NOTE: Secondary production is refined metal recovered from old and new
scrap. Bars labeled 75-79 represent averages for the period
1975-79.

SOURCE: Meta/  Statistics, Metallgesellsehaft  Aktiengesellschaft.

Fluor (St. Joe). It merged them into a venture called
the Zinc Corporation of America (ZCA). Other new
zinc mining companies include Doe Run, Montana
Tunnels, Greens Creek, Washington Mining, Bun-
ker Hill Mining, Star-Phoenix Mining, New Butte
Mining, Alta Gold, and Cominco-NANA. Big River
is the only new zinc processor. It purchased the
Sauget, Illinois facility from Amax in 1988. Five
companies (New Jersey Zinc, USX, Bunker Hill,
Amax, and Standard Metals) left the U.S. industry
during the 1980s.

PRODUCER PROFILES, 1990
Most zinc is produced in industrialized countries

(see figure 5-4). Compared with copper, very little
zinc capacity is government-owned. Developed
countries account for about 70 percent of mine
capacity and even greater percentages of primary
smelter/refinery capacity. 6 Canada is the largest
producer in both the mining and processing sectors.
Australia is a large mine producer and a medium-
sized processor. Peru and Mexico have large mine
production, but little processing capacity. Japan and
European countries are large refined zinc producers.
The United States has a medium-sized zinc industry.

Inmost parts of the world, zinc and lead are mined
and processed together. The situation is somewhat

Figure 5-3--NSW Slab Zinc Production and
Consumption, 1975-88
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NOTE: Secondary production is refined metal recovered from old and new
scrap. Bars labeled 75-79 represent averages for the period
1975-79.

SOURCE: Meta/  Statistics, Metallgesellschaft  Aktiengesellschaft.

different in the United States. The U.S. zinc and lead
industries are relatively separate, though there are
some domestic mines that produce both metals.

United States

The United States is a medium-sized zinc pro-
ducer. It ranks sixth in the NSW in mine output and
eighth in primary metal production. The country was
a net importer of zinc concentrates during 1983-88,
but a net exporter in 1989. For refined (slab) zinc, the
United States is dependent on imports for about
two-thirds of its needs. The major suppliers during
1985-88 were Canada (accounting for 56 percent of
imports), Mexico, and Spain. Slab exports are small.

About half of U.S. zinc mine production comes
from Tennessee. The other major mining States are
Missouri, Colorado, Alaska, Idaho, Montana, New
York, and Nevada. Processing facilities are located
in Tennessee, Pennsylvania, Oklahoma, and Illinois.

Asarco

Asarco is the largest U.S. zinc mining company
(see figure 5-5). Most of its production is from its
four mines in eastern Tennessee, but some also
comes from its Missouri lead mines and its partially
owned Leadville, Colorado operation. These facili-
ties accounted for 37 percent of U.S. zinc mine

bk~s rew~  li~e dist~ction is ~de beween the smelting and reftig sectors of the zinc industry. one or the other, but nOt both, Of the pmCessitlg
steps is usually sufilcient  to produce marketable zinc.
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Table 5-l—Profile of U.S. Primary Zinc Production Industry, 1980 and 1990

1980 1990

Major mines:
Zinc mines:
Ward Mountain, NV . . . . . . . . . .
Young, TN . . . . . . . . . . . . . . . . . .
Immel, TN . . . . . . . . . . . . . . . . . .
New Market, TN . . . . . . . . . . . . .
Coy, TN . . . . . . . . . . . . . . . . . . . .
Beaver Creek, TN . . . . . . . . . . . .

Jefferson City, TN . . . . . . . . . . . .
Elmwood-Gordonsville, TN . . . .
Freidensville, PA . . . . . . . . . . . .
Austinville/lvanhoe, VA . . . . . . .
Idol, TN . . . . . . . . . . . . . . . . . . . .
Zinc Mine Works, TN . . . . . . . . .
Pierrepont, NY. . . . . . . . . . . . . . .
Balmat, NY . . . . . . . . . . . . . . . . .
Sterling, NJ . . . . . . . . . . . . . . . . .

Mixed lead-zinc mines:
Leadville, CO . . . . . . . . . . . . . . .
Bunker Hill, ID . . . . . . . . . . . . . . .
Red Dog, AK .,. , . . . . . . . . . . . .
Butte Hill, MT . . . . . . . . . . . . . . . .
Star-Morning Unit, ID . . . . . . . . .

Lead mines:
West Fork, MO . . . . . . . . . . . . . .
Magmont, MO . . . . . . . . . . . . . . .
Buick, MO . . . . . . . . . . . . . . . . . .

Precious metals mines:
Greens Creek, AK . . . . . . . . . . .
Lucky Friday, ID . . . . . . . . . . . . .
Montana Tunnels, MT. . . . . . . . .
Sunny side, CO . . . . . . . . . . . . . .

—
Asarco
Asarco
Asarco
Asarco
New Jersey Zinca

New Jersey Zinca

Jersey Minierea.b

New Jersey Zinca

New Jersey Zinca

New Jersey Zinca

US Steel (USX)
—
St. Joe
New Jersey Zinca

Asarco-Newmon e

Bunker Hillf

Bunker Hill-Heclaf,h

Cominco-Dresser i

Amax-Homestake j

Hecla

Standard Metals

Smelter/refineries:
Corpus Christi, TX . . . . . . . . . . . .
Sauget, IL . . . . . . . . . . . . . . . . . .
Kellogg, ID . . . . . . . . . . . . . . . . .
Clarksville, TN . . . . . . . . . . . . . . .
Monaca, PA . . . . . . . . . . . . . . . .
Bartlesville, OK . . . . . . . . . . . . . .
Palmerton, PA . . . . . . . . . . . . . .

Aita Gold
Asarco
Asarco
Asarco
Asarco
Asarco

—
Jersey Minierec

—
Union Zincc

ZCAd

ZCAd

Asarco-Newmon e

Bunker Hill Mining
Cominco-NANA g

New Butte Mining
Star-Phoenix Mining

Asarco
Cominco-Dresser i

Doe Runk

Greens Creekl

Hecla
Montana Tunnelsm

Washington Miningn

Opened 1990

Sold to Inspiration 1983, Asarco 1988; merged with
Young, TN mine

Closed 1983; sold to inspiration 1983, Asarco 1988
Gordonsville opened 1982; Note 1
Closed 1983
Closed 1981
Closed 1981; sold to Inspiration 1983
Sold to Union Zinc 1989
Opened 1982; owned by Fluor (St. Joe); Notes 2&3
Notes 2&3
Closed 1985; Notes 4&3

Closed 1981; Note 5; reopened 1988
Opened 1990
Closed since early -1970s; reopened 1990
Closed 1982; Star-Phoenix signed 10 year lease-
purchaser agreement 1989; reopened 1990

Opened 1985

Amax share sold to Homestake 1986; Note 6

Opened 1989; Note 7

Opened 1987; Note 8
Sold to Echo Bay 1985: Note 9

Asarco — Closed 1985 (indefinite), 1988 (permanent)
Amax Big River Sold to Big River 1988
Bunker Hillf — Closed 1981 (indefinite), 1985 (permanent)
Jersey Miniereaa,b Jersey Minierec Note1; Expanded 1988
St. Joe ZCAd Expanded 1981 -83; Notes 2&3
National Zinc ZCAd Sold to Continental 1983, Fluor (St. Joe) 1984; Note 3
New Jersey Zinca ZCAd Smelter closed 1980; Notes 4&3; plant makes zinc

oxides, dusts, and powders
~ew Jersey Zinc was a subsidiary of Gulf and Western Industries Inc. 3zinc  Sets  of Fluor  (St. Joe) sold to Horsehead Industries and  merged
b Jersey Miniere  was a subsidiary  of New Jersey Zinc and Union Miniere. with New Jersey Zinc Co. Inc. (NJZI)  to form Zinc Corp. of America (ZCA)
cJersey  Mjfliere  is a Subsjtjiq  of  Union Zinc. Union Zinc is a subsidiary Of 1987.

AceC-Union Miniere. 4~~ t. Hor~ehead  lndustri~  investment group and operated  Ss *W
dzim @p. of Ame~ (ZCA)  is a subsidiary of Horsehead Industries. Jersey Zinc Co. Inc. (NJZI)  1981.
eAs~co  ad Newmont  ea~ own 50 percent of the Laadville  mifle.  Asarco 5Bunker  Hill,  [D mine  was sold to Bunker  Hill  Ltd. pafinership 1982. Bunker

is the operator. Hill Mining created in public spinoff 1988.
fBunker  Hill W=  a subsidiary of Gulf Resources ad Chemical @rp. 6~d assets of F]uor  (St. Joe) ad Homestake  merged to form Doe Run
gCominco-Alaska  developed and operates the Red Dog mine. NANA owns 1986. Doe Run was owned 57.5% by Fluor and 42.5% by Homestake

the mineral rights.
~he Star Morning Unit was owned 700/0 by Bunker Hill and 30% by Hecla.

1986-90. Fluor  became sole  owner by purchasing Homestake’s share
1990.

It was operated by Hecla. 7&@omtion  and development led by Noranda  1981-86, British PetrOleum
icomin~  and Dresser Industries each own 50 percent of the Magmont 1986-1 989; Hecla  became a minority partner 1987; RTZ became majority
mine. Cominca  is the operator. holder 1988.
JAmax  and Homestake each owned 50 percent of the Buick mine. bed by U.S. Minerals Exploration (USMX); explored by Placer
kme Run is a subsidiary of FIuor- Development 1981-82, Centennial Minerals 1983-85; Centennial Miner-
IGreens  Creek mine is a joint venture of RTZ, Hecla,  Ekalas Resources
Corp. (a subsidiary of Mitsubishi), and CSX Oil & Gas Corp.

als acquired by Pegasus Gold 1985; USMX share sold to Pegasus Gokt
1987.

mMont$na  Tunnels is a subsidiary of Pegasus Gold. 9Echo  wy and Alta  Gold (owned by Silver King and pacific  silver)  formed
nsunnysi~ Mine is a joint venture of Alta Gold (owned by Silver King and the Alta Bay Venture in June 1988. Alta Bay is 60% owned by Alta Gold

Pacific Silver), Washington Mining, and Echo Bay. Washington Mining is and 407. ownad by Echo Bay. Echo Bay contributed the Sunnyside, CO
the operator.

I New Jersey Zinc share of Jersey Miniere sold to Union Miniere 1984.
mine and other properties to the venture. Washington Mining (which owns
the propetiy)  became a 35% partner in November 1988 and the mine

2St. Joe acquired by Fluor 1981. operator in January 1989. Alta Bay owns the remaining 650/..

SOURCE: Office of Twhnology  Assessment, 1990. Compiled from Minera/s  Yearbook (various issues), U.S. Bureau of Mines (Washington, DC).
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Figure 5-4--NSW Zinc Production, Country Profile, 1988

Mine Production
5.1 million tonnes

Primary Production
4.8 million tonnes

Japan 13%

Australia 15%
5%

Peru 10% Spain 5%

Secondary Production
0.4 million tonnes

ustralia 5%

NOTE: Secondary production is refined metal reeovered  from old and new scrap.

SOURCE: Meta/ Statistics, Metallgesellschaft  Aktiengesellschaft.

output in 1988.7 The company sells and/or tolls most
of its zinc concentrate production. Asarco no longer
has slab zinc processing capacity. It converted its
Corpus Christi, Texas refinery to a hazardous waste
processing facility in 1988. It does, however, operate
a zinc-oxide plant at Hillsboro, Illinois.

Jersey Miniere

Jersey Miniere is the second largest domestic zinc
producer. The company accounted for an estimated
20 percent of U.S. mine production and 29 percent
of refinery capacity in 1988. Jersey Miniere’s

United Stat

her 34

Australia 18

rmany

Japan 18%

%

9%

operation is fully integrated. It has a mine and a
smelter/refinery in central Tennessee. In addition, its
parent Union Zinc, purchased The Zinc Mine Works
in Jefferson City, Tennessee from USX in 1989.
With this additonal capacity, the company’s U.S.
mines can provide two-thirds of the concentrate feed
needed by its Clarksville refinery.8

Jersey Miniere is owned by Union Zinc, a
subsidiary of Belgium-based Acec-Union Miniere
(the nonferrous and nonmetallic minerals unit of
Societe Generale de Belgique). Acec-Union Miniere

7’I’MS fi~e includes entire production of the Leadville tie.

8u.s.  Depmrnent  of tie kterior, Bureau of Mines, Minerals and Materials (Washington, DC: Jme/Jtiy 19*9)-
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Figure 5-5—U.S. Zinc Industry, Company Profile, 1988
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NOTE: Mine production figures for Jersey Miniere  and ZCA are OTA estimates. Jersey Miniere’s  mine production indudes that of the USX mine purchased
in 19S9. About one-third of ZCA’S slab capacity is used to process secondary zinc.

SOURCES: fb4inera/s  Yearbook (various issues), U.S. Bureau of Mines; Non-Ferrous Meta/ Data 1988, American Bureau of Metal  Statistics Inc.; company
annual reports.

is one of the world’s largest zinc and lead producers.
Its other lead and zinc interests include Metallurgie
Hoboken-Overpelt (MHO), Vieille-Montagne, and
Asturienne. Acec-Union Miniere began reorganiz-
ing its operating units

Zinc Corporation of

in early 1990.

America

Zinc Corporation of America (ZCA) is also a fully
integrated producer. It accounted for an estimated 13
percent of the country’s mine production and almost
one-half of the refinery capacity in 1988. ZCA has
two mines in New York, a smelter/refinery in
Pennsylvania, and a refinery in Oklahoma. It also
processes steelmaking dusts into zinc at a plant in
Pennsylvania.

ZCA, a subsidiary of Horsehead Industries Inc.,
was formed in 1987. It represents the merger of
Horsehead’s St. Joe operation (acquired from Fluor
in 1987) and its New Jersey Zinc facilities (acquired
in 1981).

Doe Run

Doe Run, the largest U.S. lead company, produces
some byproduct zinc at its Buick mine. It accounted
for 9 percent of U.S. zinc mine output in 1988.

Montana Tunnels

Montana Tunnels, a subsidiary of Pegasus Gold,
opened its gold-silver-zinc-lead mine in 1987. The
Jefferson, Montana operation accounted for 7 per-
cent of U.S. zinc mine production in 1988.

Cominco

Cominco is a major Canadian minerals company
that is among the world’s largest lead and zinc
producers. It is developing the Red Dog mine in
Alaska, which is scheduled to begin production in
1990.9 This mine has estimated ore reserves of 77
million tonnes grading 17.1 percent zinc, 5 percent
lead, and 80 grams/tonne silver. At its planned
annual production of 325,000 tomes of zinc in
concentrates, Red Dog will be the world’s largest
zinc mine. It will nearly double U.S. zinc mine

9Cominco-Alaska  is developing the mine and will operate it when it is commis sioned. NANA (an Alaskan Native corporation) owns the mineral rights
to the property.
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production over 1989 levels. The mine will ship half
of its concentrates to Cominco’s Trail zinc-lead
smelter in British Columbia and the rest to coastal
smelters in the Far East and Europe.10

Cominco also owns half of the Magmont lead-
zinc mine in Missouri. Magmont, which is currently
the second largest lead mine in the country, ac-
counted for 3 percent of U.S. zinc mine production
in 1988. Dresser, a machinery manufacturer, is the
other owner of Magmont.

Big River

Big River bought the Sauget, Illinois smelter/
refinery from Amax Zinc in 1988. The plant
accounts for about a quarter of domestic zinc
processing capacity. The company has no mines.

Other Companies

The other major firms in the U.S. zinc industry are
mining companies. Alta Gold recently opened a zinc
mine in Nevada. Bunker Hill Mining, Star-Phoenix
Mining, and New Butte Mining operate lead-zinc
mines. Hecla, Greens Creek (a joint venture of RTZ,
Hecla, Exalas Resources, and CSX Oil & Gas), and
Washington Mining (in partnership with Alta Gold
and Echo Bay) produce zinc from precious metals
mines.

U.S. Interests in Other Countries

The U.S.-based companies that currently have
foreign lead-zinc holdings are: Asarco, Phelps
Dodge, and Cerro Copper. Asarco has ties to MIM,
a large Australia-based producer of nonferrous
metals and coal. ll MIM has lead facilities in
Australia (Mt. Isa mine) and the United Kingdom
(the Britannia refinery) as well as equity interests in
Cominco. Asarco also owns part of Medimsa which
runs silver-lead-copper-zinc mines, mills, and smelt-
ers in Mexico. Phelps Dodge is primarily a copper
company, but owns part of Black Mountain, a major
lead-silver-zinc-copper mine in South Africa. Cerro
Copper has interests in the Buenaventura zinc-lead
mines in Peru. Two other U.S. firms have recently
sold their foreign lead and zinc holdings. Amax sold
its share of Fresnillo in Mexico. USX sold its share
of the exhausted Prieska mine in South Africa.

Other Countries

Zinc and lead are often produced by the same set
of countries and companies. To avoid repetition, the
profiles of zinc and lead producers outside of the
United States are given in chapter 4 only.

losti@ of w~ Division of Geological and Geophysical Surveys, Alaska’s Mineral Industry,  sPM Rx 43, 1988.
11-0- 19-t of - ~d MIM O-S 25 pereent of Ammo. The relationship is one of passive OwnershI “p and entails little operational

Lxmtrol.
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Table A-2--Largest NSW Aluminum-Producing Countries, Mine and Meta  Production (thousand metric tonnes gross weight) :

1970Rank 1950

Mine production:

1960 1980 1988

1
2
3
4
5
6
7
8
9

10

Suriname
Guyana
United States
France

Indonesia
Yugoslavia
Italy
Ghana

Greece

India

2,045 Jamaica
1,668 Suriname
1,356 Guyana

808 France

5,837
3,455
2,511
2,067
2,030
1,378
1,025

884
749
689

Jamaica
Australia
Suriname
Guyana
France
Guinea
Greece
United States
Yugoslavia
India

Australia
Guinea
Jamaica
Suriname
Brazil
Yugoslavia

Guyana
Greece
France
India

27,179
13,911
11,978
4,903
4,152

3,138
3,052
3,012
1,892
1,785

Australia
Guinea
Brazil
Jamaica
Suriname
India
Yugoslavia

Greece
Guyana
Sierra Leone

36,192
16,834
7,728
7,408

3,434
3,415
3,034
2,533
1,774
1,379

12,010
9,256
6,022
4,417

3,051
2,490
2,292
2,115
2,099
1,374

531 United States
206 Guinea
153 Yugoslavia
117 Greece
77 Malaysia
65 Dominican Rep

NSW 87,479

East 12,806
World 100,285

NSW
East
World

7,085 NSW
1,333 East
8,418 World

22,492
5,128

27,620

NSW

East
World

50,812
9,898

60,710

NSW
East
World

81,244
11,500
92.744

Metal production: (refined metal from primary sources)

1
2
3
4
5
6
7
8
9

10

United States
Canada
France
Norway
Italy
UK
W. Germany
Japan
Switzerland
Austria

652
360
61
45
37
30
28
25
19
18

United States
Canada
France
Norway
W. Germany
Japan
Italy
Austria
Cameroon
Switzerland

1,828
691
235
171
169
133
84
68
44
39

3,618
911

4,528

United States
Canada
Japan
Norway

France

W. Germany

Australia

India

I t a l y
Spain

3,607
963
728
522
381
309
206
161
147
120

United States
Japan
Canada
U. Germany
Norway
France
Spain
UK
Venezuela
Australia

4,654
1,092
1,068

731
662
432
387
374
328
304

United States
Canada
Australia
Brazil
Norway
W. Germany
Venezuela
India
France
UK

3,944
1,535
1,141

874
827
744
443

335
328
300

NSW (430)
East
World

1,288
219

1,507

NSW (856)
East
World

NSW (2,183)
East
World

8,056
2,246

10,302

NSW (3,868) 12,768
East 3,286
World 16,053

NSW [5,397) 13,852

East 3,628
World 17,480

NOTE: NSW secondary production from old and new scrap shown in parentheses.
SOURCE: Metal Statistics (various issues), Metal lgesellschaft Aktiengesel  lschaft.
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Table A-4--Largest NSW Zinc-Producing Countries, Mine and Metal Production (thousand metric tonnes contained zinc).

Rank 1950

Mine production:

1960 1970 1980 1988

1
2
3
4

5
6
7
8
9

10

United States
Canada
Mexico
Australia
W, Germany
Peru

Italy
Zaire
Spain
Japan

Canada
Australia
Peru

Spain
Mexico
United States
Sweden
Ireland
Japan

Brazil

1,347
759
485

277
261
256
193
173
147
103

566

284

224

201

98

88

87

77

64

52

United States
Canada
Australia
Mexico
Peru

Japan
Italy
W. Germany
Zaire
Spain

395
369
323
271
157
157
130
115
109
86

Canada
Australia
United States
Peru

Japan
Mexico
W, Germany
Italy
Zaire
Yugoslavia

1,253
487

485

299
280
266
161
111
103
101

Canada
Australia
Peru

United States
Mexico

Japan
Ireland
Spain
Sweden
W. Germany

1,059
495
468
349

243
238
229
179
167
121

4,536
1,656
6,192

735
592
370
365
301
253
248
207
170
152

4,472

1,700
6,172

1,950 NSW
260 East

2,210 World

NSW 5,098

East 2,010
World 7,108

NSW
East
World

2,595 NSW
756 East

3,351 World

4,305
1,257
5,561

NSW

East
World

Metal production: (refined metal from primary sources and old and new scrap)
Canada
Japan
W. Germany
United States
Australia
Belgium
France
Spain
Italy
South Korea

703
678
352
330
303
298
274
245
242
223

United States
Canada
Belgium
W. Germany
Australia
UK
France
Mexico
Japan
Norway

826
185
174
136
84
71
68
49
49
43

United States
Belgium
Canada
W. Germany
Japan
France
Australia
Italy
UK
Zaire

787

248
237
192
187
149
119
85
76
53

United States
Japan
Canada
W. Germany
Australia
Belgium
France
UK
Italy
Spain

866
681
418
301
256
232
224
147
142
88

Japan
Canada
United States
W. Germany
Australia
France
Belgium
Italy
Netherlands
Spain

2
3
4
5
6
7
8
9

10

NSW (160)
East
World

1,810
250

2,060

NSW (149)
East
World

2,438
713

3,151

NSW (267)
East
World

3,955
1,263
5,218

NSU (349)
East
World

NSW (434)

East
World

5,223
2,048
7,271

NOTE: NSW secondary production from old and new scrap shown in parentheses.

SOURCE: Metal Statistics (various issues), Metal lgesellschaft Aktiengesellschaft



Appendix B

Country and Company Producers

Table B-1--Major Copper Producing Companies by Country

Country
---------------

Australia

Belgium

Brazil

Canada

Chile

Finland

Germany, FR

Indonesia

Japan

Korea, Rep

Mexico

Peru

Phili

PNG

ppines

Portugal

South Africa

Spain

Sweden

UK

USA

Yugoslavia

Zaire

Zambia

Companies (m=mine, s=smelter,  r=refinery)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  — - - - — - - — — - - - - - - — - - — — — - - - — - - - - - - - - - - - — - - - — - -

MIM (msr), Renison Goldfields (m), ER&S (sr), Olympic Dam JV (msr)

MHO (sr)

Caraiba Metais (sr), CVRD (m) pending

Inco (msr), Falconbridge (msr), Noranda (msr), Highland Valley (m), BHP-Utah (m), Afton JV
(m), Hudson Bay (s)

Codelco (msr), ENAMI (sr), Escondida (m) pending, Disputada (ins), Mantes Blancos (msr), Ojos
del Salado (m)

Outokumpu (msr)

Norddeutsche Aff inerie (sr)

Freeport Indonesia (m)

Nippon Mining (sr), Onahama (sr), Sumitomo (sr), Mitsubishi (sr), Hibi Kyoda
(msr ) ,  M i tsu i  ( r )

Korea Mining & Smelting (sr)

Mexicana de Cobre (ins), Cananea (ins), Medimsa (ins), Frisco (m), Cobre de Mex

SPCC (ins), Cuajone JV (m), Centromin (msr), Minero Peru (mr), Nor Peru (m)

Atlas (m), Maricalum (m), Marcopper (m), North Davao (m), Benguet (m), Lepanto
(sr)

Bougainvillea (m), Ok Tedi (m)

Somincor (m)

Palabora (msr), O’okiep (ins)

Rio Tinto Minera (sr)

Boliden (msr)

IMI Refiners (r), BICC (m)

(sr), Dowa

co (r)

m), PASAR

Phelps Dodge (msr), Chino JV (msr), Morenci JV (m), Cyprus (msr), Kennecott (msr), Magma
(msr), Asarco (msr), Butte JV (m), Copper Range (msr), Doe Run (m), Southwire (r), Cox Creek
(r), Anaconda E-R (r), Texas City (s) pending

RTB Bor (msr)

Gecamines (msr)

ZCCM (msr)

SOURCE: Office of Technology Assessment, 1990
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Table B-2--Major Aluminum Producing Companies by Country

Country
---------------

Argentina

Australia

Austria

Bahrain

Brazil

Canada

Egypt

France

Germany, FR

Ghana

Greece

Guinea

Guyana

India

Indonesia

Ireland

Italy

Jamaica

Japan

Malaysia

Mexico

Netherlands

New Zealand

Norway

Sierra Leone

South Africa

Companies (m=mine, r=refinery, s=smelter)
--------------—------—-—---—-—-—-—---—-—-—---—- --—-----—---—---—---------------—------------

Aluminios Argentines (s)

Alcoa of Australia (mrs), Comalco (ins), Queensland Alumina (r), Boyne (s), Gove Project
(mr), Tomago (s), Worsley (mr), Alcan Australia (s), Portland Smelter JV (s)

Austria Metall (s), Salzburger (s)

Alba (s)

MRN (m), Alcoa Aluminio (mrs), Alcan Aluminio (mrs), CBA (mrs), Alumar (rs), Albras (s),
Valesul (s), Alunorte (r) pending

Alcan (rs), Reynolds (s), Becancour (s), Alouette (s) pending

Egyptal (s)

Pechiney (mrs)

VAW (rs), Aluminum Oxide Stade (r), Alusuisse (rs), Hamburg Aluminum (s), Hoogovens (s)

Ghana Bauxite (m), Valco (s)

Parnasse [m), Elbaumin (m), Greek Helikon (m), Aluminium de Grece (mrs), Hellenic Alumina
(r) pending

CBG (m), OBK (m), Friguia (mr)

Guymine (m)

Bharat (mrs), Nalco (mrs), Indalco (mrs), Hindalco (mrs), Malco (rs)

Aneka Tambang (m), Inalum (s)

Aughinish (r)

Aluminia SpA (s)

Kaiser Jamaica (m), Jamaican (mr), Alpart (mr), Clarendon Alumina JV (mr)

Nippon Light Metal (rs), Sumitomo Aluminum (r), Showa Aluminum (r)

Johore Mining (m)

Alumsa (s)

Pechiney (s), Hoogovens (s)

New Zealand Al Smelters (s)

Hydro Aluminium (s), Mosal (s), Soral (s)

SIEROMCO (m)

Alusaf (s)
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Spain

Suriname

Sweden

Switzerland

Turkey

UAE

UK

USA

Venezuela

Yugoslavia

Aluminio Espanol (rs), Endasa (s)

Suralco (ins), Suralco-Billiion JV ( m r )

Granges Aluminum (s)

Alusuisse (s)

Etibank (s)

Dubai Aluminum (s)

British Alcan (rs), Anglesey Aluminium (s)

Alcoa (rs), Reynolds (rs), Kaiser (rs), Ormet (rs), Clarendon (r), Alumax-[Eastalco,
Intalco, Mt. Holly JV] (s), Alcan (s), Noranda (s), Columbia Falls (s), Columbia Aluminum
(s), Southwire (s), Vanalco (s), Ravenswood (s), Northwest Aluminum/Martin Marietta (s)

Bauxiven (m), Interalumina (r), Venalum (s), Alcasa (s), [A]amsa (s), Aluyana (s), Alisa
(s), Alusur (s), Aluguay (s), Vexxal (s), Angostura (s)] pending

Energoinvest (mrs)

SOURCE: Office of Technology Assessment, 1990



Table B-3--Major Lead Producing Companies by Country

Country
---------------

Australia

Belgium

Canada

Finland

France

Germany, FR

Honduras

Ireland

Italy

Japan

Korea, Rep

Mexico

Morocco

Namibia

Peru

South Africa

Spain

Sweden

UK

USA

Yugoslavia

SOURCE: Office of

Companies (m=mine, s=smelter, r=refinery)
--------------------------------------------------------------------------------------------

Pasminco (msr), MIM (ins), Aberfoyle (m)
(m)

MHO (sr)

Cominco (msr), Faro Mine JV (m), Brunswi
Noranda (sr)

Outokumpu (m)

Metaleurop (msr)

Cadjebut JV (m), Lady Loretta (m), Woodcutters JV

ck (m), Westmin (m), Nanisivik (m), Polaris JV (m),

Berzelius (msr), Metaleurop (sr), Norddeutsche Affi

El Mochito (m)

Tara Mines (m)

Nuova Samim (msr)

Dowa (msr), Nippon Mining (msr), Mitsubishi (msr),
Toho Zinc (sr), Hachinohe (sr), Sumitomo (sr)

Korea Mining & Smelting (sr), Young Poong (m)

nerie (sr)

Mitsui (msr), Mitsubishi -Cominco (sr),

Medimsa (msr), Penoles (msr), Fresnillo (m), Frisco (m), Real des Angeles (m)

Touissit (m), Djebel Aouam (m), Zellidja (sr)

Tsumeb (msr)

Centromin (msr), Milpo (m), Atacocha (m), Raura (m), Buenaventura (m), Alianza (m), Mitsui
(m), Santo Toribio (m), Nor Peru (m), Huaron (m), Volcan (m), Fundeconsa (s)

Black Mountain (m), Billiton (m)

Metaleurop (sr), Exminesa (m), Boliden (m), Asturiana de Zinc (m), Almagrera (m), Espanola
del Zinc (sr)

Boliden (msr), Vieille-Montagne (m)

Pasminco (s), Britannia (r)

Doe Run (msr), Asarco (msr), Leadville JV (m), Magmont JV (m), Bunker Hill Mining (m),
Greens Creek JV (m), Hecla (m), Montana Tunnels (m), Sunnyside JV (m), New Butte Mining (m),
Star-Phoenix Mining (m), Red Dog JV (m) pending

RMHK Trepca (msr)

Technology Assessment, 1990
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Table B-4--Major Zinc Producing Companies by Country

Country
-------- —---—-.

Australia

Belgium

Brazil

Canada

Denmark

Finland

France

Germany, FR

Honduras

Ireland

Italy

Japan

Korea, Rep

Mexico

Namibia

Netherlands

Norway

Peru

South Africa

Spain

Sweden

Thailand

UK

USA

Yugoslavia

Zaire

SOURCE: Office of

Companies (m=mine, r=smelter/refinery)
-------------------------------------------------- --——--—--—--——--—---—------—---—--—---—--—

Pasminco (mr), MIM (m), Aberfoyle (m), Cadjebut JV (m), Lady Loretta (m), Woodcutters JV (m)

Vieille-Montagne (r), MHO (r)

CMM (mr), Paraibuna (r)

Brunswick (m), Falconbridge (mr), Cominco (mr), Faro Mine JV (m), Noranda (mr), Hudson Bay
(mr), Nanisivik (m), Westmin (m), Daniel’s Harbor JV (m), Polaris JV (m)

Boliden (m)

Outokumpu (mr)

Metaleurop (mr), Vieille-Montagne (r)

Metaleurop (r), Ruhr Zink (r), Berzelius (mr)

El Mochito (m)

Tara Mines (m)

Pertusola (r), Nuova Samim (mr)

Mitsui (mr), Dowa (m), Nippon Mining (mr), Mitsubishi (mr), Akita Zinc (r), Toho Zinc (r),
Hachinohe (r), Sumitomo (r)

Korea Zinc (r), Young Poong (mr)

Medimsa (mr), Penoles (mr), Fresnillo (m), Frisco (m), Real des Angeles (m)

Tsumeb (mr)

Budelco (r)

Folldal (m), Norzink (r)

Centromin (mr), San Ignacio Morococha (m), Milpo (m), Santander (m), Volcan (m), Raura (m),
Mitsui (m), Atacocha (m), Santo Toribio (m), Buenaventura (m), Alianza (m), Minero Peru (r),
Nor Peru (m), Huaron (m)

Black Mountain (m), Billiton (m), Zinc South Africa (r)

Exminesa (m), Asturiana de Zinc (mr), Boliden (m), Almagrera (m), Espanula del Zinc (r)

Boliden (m), Vieille-Montagne (m)

Padaeng (r)

Pasminco (r)

ZCA (mr), Jersey Miniere (mr), Asarco (m), Leadville JV (m), Doe Run (m), Magmont JV (m),
Bunker Hill Mining (m), Greens Creek JV (m), Montana Tunnels (m), Sunnyside JV (m), Big
River (r), New Butte Mining (m), Alta Gold (m), Hecla (m), Union Zinc (m), Star-Phoenix
Mining (m), Cyprus (m), Red Dog JV (m) pending

RHHK Trepca (mr)

Gecamines (mr)

Technology Assessment, 1990
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Company Abbreviations

Appendix  C Company Abbreviat ions

DIR = Direct investment by the company metal-country (sector)
metal Al=aluminum; Cu=copper; Pb=Lead; Zn=zinc
sector m=mine; s=smelter; r=refinery (in the case of zinc, r=smelter/refinery)

PAR = Parents of the company and their shares of its ownership
SUB = Subsidiaries or joint ventures of the company and its shares of their ownership

Ownership shares for parents, subsidiaries, and joint ventures are rounded
to whole percentage points. Absence of a percentage figure indicates full ownership.

Abbreviation Full Name
Headquarters Location Direct Investments and Affiliates (as of early 1990)

-------------— ---------- ------------------------------------- ----- ——----------------—-----——--—-------- ------

Aberfoyle Aberfoyle Ltd
AUSTRALIA DIR: Pb-Australia (m) Zn-Australia (m)

PAR: Cominco 46%

Acec-Union Miniere Acec-Union Miniere SA
BELGIUM PAR: Societe Generale de Belgique (Belgium) owned by Cie Fi

Suez (France)
SUB: Union Mines 93%, MHO 71%, Vieille-Montagne 96%, Asturi

Afton Mine Joint Venture
DIR: Cu-Canada (m)
PAR: Teck 73%, Metall Mining 27%

Akita Zinc Co Ltd
DIR: Zn-Japan (r)

Afton JV
CANADA

Akita Zinc
JAPAN

Alamsa
VENEZUELA

Alba
BAHRAIN

Albecour
CANADA

Albras
BRAZIL

Alcan
CANADA

Alcan Aluminio
BRAZIL

Alcan Australia
AUSTRALIA

Alcasa
VENEZUELA

nanciere de

enne 55%

PAR: Dowa 52%, Nippon Mining 14%, Sumitomo 14%, Mitsui 10%, Mitsubishi
5%, Toho Zinc 5%

Alamsa
DIR: Al-Venezuela (s) pending
PAR: Austria Metall 40%, CVG 30%, Pechiney 30%

Aluminum Bahrain
DIR: Al-Bahrain (s)
PAR: Kaiser 17%, Balco 73%

Albecour
PAR: Quebec Government
SUB: Alouette ?%, Becancour 25%

Aluminio Brasileiro SA
DIR: Al-Brazil (s)
PAR: CVRD 51%, NAAC 49%

Alcan Aluminum Ltd
DIR: Al-Canada (rs), USA (s)
SUB: Alcan Aluminio, British Alcan, Halco 27%, Indalco 40%, Jamaican

93%, MRN 24%, Queensland Alumina 21%, Endasa 24%, Alcan Australia 70%,
Aughinish 65%, Johore Mining 70%, Nippon Light Metal 50%, Alunorte 9%

Alcan Aluminio do Brazil SA
DIR: Al-Brazil (mrs)
PAR: Alcan

Alcan Australia
DIR: Al-Australia (s)
PAR: Alcan 70%

Aluminio del Caroni SA
DIR: Al-Venezuela (s)
PAR: CVG 72%, Reynolds 28%
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Aluminum Co of America
DIR: Al-USA (rs)
SUB: Alcoa of Australia 51%, Alcoa Aluminio 61%, Clarendon Alumina JV

50%, Halco 27%, Mosal 50%, Suralco, Alusur 40%, Alumsa 44%

Alcoa
USA

Alcoa Aluminio do Brazil SA
DIR: A1-Brazil (mrs)
PAR: Alcoa 61%
SUB: Alumar refinery 60% & smelter 72%

Alcoa Aluminio
BRAZIL

Alcoa of Australia Ltd
DIR: Al-Australia (mrs)
PAR: Alcoa 51%, Western Mining 44%
SUB: Portland Smelter JV 45%

Alcoa of Australia
AUSTRALIA

Cia Minera Alianza SA
DIR: Pb-Peru (m) Zn-Peru (m)

Alianza
PERU

Alisa
VENEZUELA

Alisa
DIR: Al-Venezuela (s) pending
PAR: CVG 20%

Almagrera
SPAIN

Minas de Almagrera
DIR: Pb-Spain (m) Zn-Spain (m)

Alouette
CANADA

Alouette
DIR: Al-Canada (s) pending
PAR: VAW ?%, Austria Metall ?%, Albecour ?%, Kobe Steel ?%, Hoogovens

?%, Marubeni ?%

Alumina Partners of Jamaica
DIR: Al-Jamaica (mr)
PAR; Kaiser 65%, Hydro Aluminum 35%

Alpart
JAMAICA

Alta Bay
USA

Alta Bay Venture
PAR: Alta Gold 60%, Echo Bay 40%
SUB: Sunnyside JV 65%

Alta Gold
USA

Alta Gold
DIR: Zn-USA (m)
PAR: Silver King 50%, Pacific Silver 50%
SUB: Alta Bay 60%

Aluguay
VENEZUELA

Aluguay
DIR: Al-Venezuela (s) pending

Alumar
BRAZIL

Aluminio do flaranhao SA
DIR: Al-Brazil (rs)
PAR: refinery - Alcoa Aluminio 60%, Billiton 40%; smelter - Alcoa

Aluminio 72%, Billiton 28%

Alumax
USA

Alumax Inc
PAR: Amax
SUB: Intalco 75%, Eastalco 75%, Mt Holly JV 73%, Becancour 25%

Aluminia SpA
ITALY

Aluminia Italia SpA
DIR: Al-Italy (s)
PAR: Alumix (EFIM-Ente Partecipazioni e Finanziamento Industria

Manifattureria)
SUB: Halco 6%, Sava

Aluminio Espanol
SPAIN

Aluminio Espanol SA
DIR: Al-Spain (rs)
PAR: Endasa 75%, Government (Instituto Nacional de Industria-INI) 19%

Aluminios Argentines
ARGENTINA

Aluminios Argentines SAIC
DIR: Al-Argentina (s)
PAR: Government 52%
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Aluminium de Grece
GREECE

Aluminium de Grece SA
DIR: Al-Greece (mrs)
PAR: Pechiney 60%

Aluminium Oxide Stade Gmbh
DIR: Al-FR Germany (r)
PAR: VAW 50%, Reynolds 50%

Aluminium Oxide Stade
FR GERMANY

Grupo Aluminio SA de CV
DIR: Al-Mexico (s)
PAR: Alcoa 44%

Alumsa
MEXICO

Alumina do Norte do Brazil SA
DIR: Al-Brazil (r) pending
PAR: CVRD 49%, MRN 26%, Alcan 9%, CBA 9%, NAAC 7%

Alunorte
BRAZIL

Alusaf Pty Ltd
DIR: Al-South Africa (s)

Alusaf
SOUTH AFRICA

Swiss Aluminum Ltd
DIR: Al-Switzerland (s), FR Germany (rs)
SUB: Gove Project 70%, Nabalco 50%, Salzburger, SIEROMCO, Soral 50%,

Bauxiven 4%. Interalumina 2%, Frialco 11%

Alusuisse
SWITZERLAND

Alusur
DIR: Al-Venezuela (s) pending
PAR: CVG 40%, Alcoa 40%, Sural 20%

Alusur
VENEZUELA

Aluyana
VENEZUELA

Aluyana
DIR: Al-Venezuela (s) pending
PAR: CVG ?%, Italimpianti ?%

Amax Inc
PAR: Chevron IB%
SUB: Alumax, Daniel’s Harbor JV 37%, Fresnillo 40%

Amax
USA

Amoco Minerals Co
PAR: Amoco Corp.
SUB: Ok Tedi 30%

Amoco
USA

Australian Mutual Provident Society
SUB: Gove 30%. Comalco 12%

AMP
AUSTRALIA

Anaconda E-R
USA

Anaconda Environ-Refining
DIR: CU-USA (r)

Aneka Tambang
INOONESIA

PT Aneka Tambang
DIR: Al-Indonesia (m)
PAR: Government

Anglesey Aluminum
UK

Anglesey Aluminium Ltd
OIR: Al-UK (S)

PAR: RTZ 51%, Kaiser 49%

Anglo American Gold
SOUTH AFRICA

Anglo American Gold Investment Co Ltd
PAR: Anglo American S Africa 49%
SUB: GFSA 11%

Anglo American S Africa
SOUTH AFRICA

Anglo American Corp of South Africa Ltd
PAR: De Beers 38%
SUB: Oe Beers 34%, Minorco 40%, Hantos Blancos 79%, GFSA 9%, Anglo

American Gold 49%, Palabora ?%

Angostura
DIR: Al-Venezuela (s) pending

Angostura
VENEZUELA

Asarco Inc
DIR: CU-USA (msr) Pb-USA (msr) Zn-USA (m)
PAR: MIM 25%
SUB: SPCC 52%, M1fl 19%, Medimsa 34%, Leadville JV 50%, Butte JV 50%, Nor

Peru 80%

Asarco
USA
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Asturiana de Zinc Asturiana de Zinc SA
SPAIN

Asturienne
BELGIUM

Atacocha
PERU

Atlas
PHILIPPINES

Aughinish
IRELAND

Austria Metall
AUSTRIA

Balco
BAHRAIN

Bauxiven
VENEZUELA

Becancour
CANADA

Benguet
PHILIPPINES

Berzelius
FR GERMANY

Bharat
INDIA

BHP
AUSTRALIA

BHP-Utah
USA

BICC
UK

Big River
USA

Bi l l i ton
NETHERLANDS

DIR: Pb-Spain (m) Zn-Spain (mr)
SUB: Exminesa 30%

CieRoyale Asturienne des Mines SA
PAR: Acec-Union Miniere 55%
SUB: Touissit 50%, Pancontinental 10%, Djebel Aouam 67%

Cia Minera Atacocha SA
DIR: Pb-Peru (m) Zn-Peru (m)
SUB: Huaron 5%

Atlas
DIR: Cu-Philippines (m)
SUB: PASAR ?%

Aughinish Alumina Ltd
DIR: Al-Ireland (r)
PAR: Alcan 65%, Billiton 35%

Austria Metall AG
DIR: Al-Austria (s)
PAR: Government
SUB: Alouette ?%, Alamsa 40%

Bahrain Saudi Aluminum Marketing Co
PAR: Bahrain Government 74%, Saudi Basic Industries Corp (SABIC) 26%
SUB: Alba 73%

Bauxita de Venezolana CA
DIR: Al-Venezuela (m)
PAR: CVG 96%, Alusuisse 4%

Aluminum Becancour Inc
DIR: Al-Canada (s)
PAR: Pechiney 25%, Reynolds

Benguet
DIR: Cu-Philippines (m)

Berzelius Metallhutten Gmbh
DIR:
PAR:

Bharat
DIR:
PAR:

Broken
SUB:

Pb-FR Germany (msr)
MG

Aluminium Co Ltd
Al-India (mrs)
Government

25%, Alumax 25%, Albecour 25%

Zn-FR Germany (mr)

Hill Proprietary Co Ltd
BHP-Utah. Ok Tedi 30%, Cadjebut JV 58%, Escondida 58%

BHP-Utah International Inc
DIR: Cu-Canada (m)
PAR: BHP

B. I.C.C. Metals Ltd
DIR: CU-UK (m)

Big River Minerals Co
DIR: Zn-USA (r)

Billiton International Metals
DIR: Pb-South Africa (m) Zn-South Africa (m)
PAR: Shell
SUB: Halco 6%, MRN 10%, Valesul 45%, Worsley 38%, Cadjebut JV 42%,

Budelco 50%, Aughinish 35%, Cuajone JV 9%, Alumar ref 40% & smelt 28%,
Suralco-Billiton JV mine 76% & ref 45%
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Black Mountain Mineral Development Co Pty Ltd
DIR: Pb-South Africa (m) Zn-South Africa (m)
PAR: GFSA 55%, Phelps Dodge 45%

Black Mountain
SOUTH AFRICA

Boliden
SWEDEN

Boliden AB
DIR: Cu-Sweden (msr) Pb-Sweden (msr), Spain (m) Zn-Sweden (m],

Spain (m), Denmark (m)
PAR: Trelleborg 68%
SUB: Norzink 50%, Faro Mine JV 8%

Bougainvillea Copper Ltd
DIR: CU-PNG (m)
PAR: CRA 54%, Government 20%

Bougainvillea
PAPUA NEW GUINEA

Boyne Smelters Ltd
DIR: Al-Australia (s)
PAR: Comalco 30%, Kaiser 20%, Japanese Consortium 50%

Boyne
AUSTRALIA

BP Minerals International Ltd
PAR: British Petroleum Co Plc
SUB: Olympic Dam JV 49%

BP
UK

Brascade Resources
CANAOA

Brascade Resources
PAR: Brascan JO%
SUB: Noranda 46%, Westmin 62%

Brascan
CANADA

Brascan Ltd
SUB: Brascade Resources 70%

Britannia Refined Metals Ltd
DIR: Pb-UK (r)
PAR: MIM

Britannia
UK

British Alcan
UK

British Alcan Aluminum Ltd
DIR: Al-UK (rS)

PAR: Alcan
SUB: Frialco 11%, Ghana Bauxite 45%

BRPM
MOROCCO

Bureau de Recherches et de Participations Hinieres
PAR: Government
SUB: Djebel Aouam 33%

Brunswick Mining and Smelting Corp Ltd
DIR: Pb-Canada (m) Zn-Canada (m)
PAR: Noranda 64%

Brunswick
CANADA

Budelco
NETHERLANDS

Budelco BV
DIR: Zn-Netherlands (r)
PAR: Billiton 50%, Pasminco 50%

Buenaventura
PERU

Cia de t4inas Buenaventura SA
OIR: Pb-Peru (m) Zn-Peru (m)
PAR: Cerro Copper 34%, World Bank 5%, Centromin 18%

Bunker Hill Mining
CANADA

Bunker Hill Mining
DIR: Pb-USA (m) Zn-USA (m)

Butte JV
USA

Butte Mine Joint Venture
DIR: CU-USA (m)
PAR: Montana Resources 50%, Asarco 50%

C. Itoh
JAPAN

C. Itoh & Co Ltd
SUB: Kobe Alumina ?%, PASAR 6%

Cadjebut JV
AUSTRALIA

Cadjebut Mine Joint Venture
DIR: Pb-Austral ia (m) Zn-Australia (m)
PAR: 13HP 58%, Billiton 42%
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Cia Minera de Cananea SA
DIR: Cu-lexico (ins)
PAR: Government 90%
SU8: Cobre de Mexico ?%

Cananea
MEXICO

Clarendon Alumina Production Ltd
PAR: Jamaica Bauxite Mining
SU8: Clarendon Alumina JV 50%

CAP
JAMAICA

Caraiba Metais SA - Ind e Com
DIR: Cu-Brazil (sr)
PAR: Government 98%

Caraiba Metais
BRAZIL

Cia Brasileira de Aluminio
DIR: Al-Brazil (mrs)
PAR: Votorantim 80%, Government 20%
SUB: MRN 10%, Alunorte 9%

CBA
BRAZIL

Compagnie des Bauxites de Guinea
DIR: Al-Guinea (m)
PAR: Halco 51%, Government 49%

CBG
GUINEA

Empresa tiinera del Centro del Peru SA
DIR: Cu-Peru (msr) Pb-Peru (msr) Zn-Peru (mr)
PAR: Government
SUB: Buenaventura 18%

Centromin
PERU

Cerro Copper Products Co
PAR: Marmon
SUB: SPCC 21%, Buenaventura 34%

Cerro Copper
USA

Chevron Corp
SUB: Amax 18%

Chevron
USA

Chino JV
USA

Chino Joint Venture
DIR: CU-USA (msr)
PAR: Phelps Dodge 67%, Mitsubishi 33%

Clarendon Alumina JV
JAMAICA

Clarendon Alumina Joint Venture
DIR: Al-Jamaica (mr)
PAR: Alcoa 50%. CAP 50%

Clarendon Ltd
SWITZERLAND

Clarendon Ltd
DIR: Al-USA (r), tolling contracts with Drmet and Northwest Aluminum
PAR: t4arc Rich and Co (Switzerland)
SUB: Mt Holly JV 27%

CM
BRAZIL

Cia Hineira de Metais
DIR: Zn-Brazil (mr)
PAR: Votarantim

Cobre de Mexico
MEXICO

Cobre de Mexico
DIR: Cu-Mexico (r)
PAR: Government (Nacional Financier) ?%, Cananea ?%, various copper

fabricators ?%

Corpacion Nacional del Cobre de Chile
DIR: Cu-Chile (msr)
PAR: Government

Codelco
CHILE

Columbia Aluminum
USA

Columbia Aluminum Corp
DIR: Al-USA (S)

PAR: employees 30%

Columbia Falls
USA

Columbia Falls Aluminum Co
DIR: Al-USA (S)

PAR: Montana Aluminum Investors
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Comalco (hmalco Ltd
AUSTRALIA DIR: Al-Australia (ins)

PAR: CRA 67%, AMP 12%
SUB: Boyne 30%, Halco 8%, Queensland Alumlna 30%, New Zealand Al

Smelters 79%

Cominco Cominco Ltd
CANADA DIR: Pb-Canada (msr) Zn-Canada (mr)

PAR: Nunachiaq 40%, Mitsui 3%
SUB: Aberfoyle 46%, Exminesa 48%, Mitsubishi-Cominco 45%, Highland

Valley 50%, Magmont JV 50%, Red Dog JV (development and operations), Pine
Point 51%. Polaris JV 55%

Cons Gold Fields
UK

Consolidated Gold Fields plc
PAR: Hanson PLC
SUB: Newmont 49%, Renison Goldfields 46%

Copper Range Co
DIR: CU-USA (msr)
PAR: Metall Mining

Copper Range
USA

Cox Creek Refining
DIR: CU-USA (r)
PAR: Mitsubishi 20%, Southwire 20%, Halstead Industries 20%

Cox Creek
USA

CRA Ltd
PAR: RTZ 49%
SUB: Comalco 67%, Bougainvillea 54%, Pasminco 40%

CRA
AUSTRALIA

CSR Ltd
SUB: Gove 70%

CSR
AUSTRALIA

Cuajone Mine Joint Venture
DIR: Cu-Peru (m)
PAR: SPCC 91%, Billiton 9%

Cuajone JV
PERU

Curragh Resources Corp
PAR: Frame Mining Corp (Clifford Frame) 98%
SUB: Faro Mine JV 92%

Curragh
CANADA

Corp Venezolana de Guayana
PAR: Government
SUB: Alcasa 72%, Interalumina 98%, Venalum 80%, Bauxiven 96%, Alamsa

30%, Alisa 20%, Alusur 40%, Aluyana ?%

CVG
VENEZUELA

Cia Vale do Rio Doce
DIR: Cu-Brazil (m) pending
PAR: Government 56%
SUB: Albras 51%, Alunorte 49%, PIRN 46%, Valesul 55%

CVRD
BRAZIL

Cyprus Minerals Co
DIR: CU-USA (msr) Zn-USA (m)

Cyprus
USA

Daniel’s Harbor Mine Joint Venture
DIR: Zn-Canada (m)
PAR: Teck 63%, Amax 37%

Daniel’s Harbor JV
CANADA

De Beers Consolidated Mines
PAR: Anglo American S Africa 34%
SUB: Anglo American S Africa 38%, Plinorco 21%, Palabora ?%

De Beers
SOUTH AFRICA

Degussa AG
SUB: Norddeutsche Affinerie 30%, Ok Tedi 9%

Degussa
FR GERMANY

Cia Minera Disputada de las Condes SA
DIR: Cu-Chile (ins)
PAR: Exxon Coal and Minerals

Disputada
CHILE

Djebel Aouam
MOROCCO

Ste Miniere du Djebel Aouam
DIR: Pb-Horocco (m)
PAR: BRPM 33%, Asturienne 67%
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Doe Run
USA

Dowa
JAPAN

Dubai Aluminum
UNITED ARAB EMIRATES

Eastal co
USA

Echo Bay
USA

Egyptal
EGYPT

El Mochito
HONDURAS

E 1 baumi n
GREECE

E 1 kern
NORWAY

ENAH I
CHILE

Endasa
SPAIN

Energoinvest
YUGOSLAVIA

ER&S
AUSTRALIA

Escondida
CHILE

Espanola del Zinc
SPAIN

Etibank
TURKEY

Exalas Resources
USA

Doe Run Co
DIR: CU-USA (m) Pb-USA (msr) Zn-USA (m)
PAR: Fluor

Dowa Mining Co Ltd
DIR: Cu-Japan (msr)
SUB: Akita Zinc 52%,

Dubai Aluminum Co Ltd
DIR: A1-UAE (S)
PAR: Government 80%,

Eastalco Aluminum Co
DIR: Al-USA (S)

Pb-Japan (msr) Zn-Japan (m)
Hachinohe 20%, Onahama 30%

Southwire 8%, Nissho Iwai 8%

PAR: Alumax 75%, Mitsui 11%, Toyo Sash 7%, Yoshida Kogya KK 7%

Echo Bay
SUB: Alta Bay 40%

Aluminum Co of Egypt
DIR: Al-Egypt (S)
PAR: Government

El Mochito mine
DIR: Pb-Honduras (m) Zn-Honduras (m)
PAR: Metall Mining

Eleusis Bauxite Mines Mining Industrial & Shipping Inc
DIR: Al-Greece (m)
PAR: Government

Elkem AIS Norway
PAR: Kvaerner Industries A/S
SUB: Mosal 50%

Empresa Nacional de Mineria
DIR: Cu-Chile (sr)
PAR: Government

Empresea Nacional del Aluminio SA
DIR: Al-Spain (s)
PAR: Government (Instituto Nacional de Industria-INI) 73%, Alcan 24%
SUB: Aluminio Espanol 75%

Energoinvest
DIR: Al-Yugoslavia (mrs)
PAR: Government

Electrolytic Refining & Smelting Co of Australia Ltd
DIR: Cu-Austral ia (sr)
PAR: Pasminco 60%, Japanese consortium (led by Furukawa) 40%

Minera Escondida Ltd
DIR: Cu-Chile (m) pending
PAR: BHP 58%, RTZ 30%, Japan Escondida 10%, World Bank 3%

Espanola del Zinc SA
DIR: Pb-Spain (sr) Zn-Spain (r)
PAR: hletal Quimica del Nervion 31%

Etibank
DIR: Al-Turkey (s)
PAR: Government

Exalas Resources
PAR: t4itsubishi
SUB: Greens Creek JV 13%
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Exminesa
SPAIN

Exxon Coal and Minerals
USA

Falconbridge
CANADA

Faro Mine JV
CANADA

F1uor
USA

Fol1dal
NORWAY

Freeport Indonesia
USA

Freeport McMoRan
USA

Fresnillo
MEXICO

Frialco
CAYMAN ISLANDS

Friguia
GUINEA

Frisco
MEXICO

Fundeconsa
PERU

Furukawa
JAPAN

Gecamines
ZAIRE

GFSA
SOUTH AFRICA

Ghana Bauxite
GHANA

Gove
AUSTRALIA

Gove Project
AUSTRALIA

Exploration Minera International Espana SA
DIR: Pb-Spain (m) Zn-Spain (m)
PAR: Cominco 48%, Asturiana de Zinc 30%

Exxon Coal and Minerals Co
PAR: Exxon Corp
SUB: Disputada

Falconbridge Ltd
DIR: Cu-Canada (msr) Zn-Canada (mr)
PAR: Noranda 50%, Trelleborg 50%

Faro Mine Joint Venture
DIR: Pb-Canada (m) Zn-Canada (m)
PAR: Curragh 92%, Boliden 8%

Fluor Corp
SUB: Doe Run

Folldal Verk A/S
DIR: Zn-Norway (m)

Freeport Indonesia Inc
DIR: Cu-Indonesia (m)
PAR: Freeport-McMoRan 85%, Government

Freeport-McMoRan Inc
SUB: Freeport Indonesia 85%

Cia Fresnillo SA de CV
DIR: Pb-Mexico (m) Zn-Mexico (m)
PAR: Penoles 60%, Max 40%

Frialco SA

9%, Norddeutsche Affinerie 4%

PAR: Noranda 38%, Pechiney 36%, Alusuisse 11%, British Alcan 11%, VAW 5%
SUB: Friguia 51%

Societe d'Economie Mixte Frigu
DIR: Al-Guinea (mr)
PAR: Frialco 51%, Government

Empresas Frisco SA de CV
DIR: Cu-Mexico (m) Pb-Mex
SU8: Real des Angeles 33%

Fundicion de Concentrados SA
DIR: Pb-Peru (s)

Furukawa Co Ltd
SUB: Hibi Kyodo 16%, Onahama

a

49%

co (m) Zn-Mexico (m)

8%, ER&S ?%

La Generale des Carrieres et des Hines du Zaire
DIR: Cu-Zaire (msr) Zn-Zaire (mr)
PAR: Government

Gold Fields of South Africa Ltd
PAR: Anglo American Gold 11%, Anglo American S Africa 9%
SUB: O’okiep 81%, Black Mountain 55%, Zinc South Africa 65%, Tsumeb 76%

Ghana Bauxite Co Ltd
DIR: Al-Ghana (m)
PAR: Government 55%, British Alcan 45%

Gove Aluminium Ltd
PAR: CSR 70%, AMP 30%
SUB: Gove Project 30%, Nabalco 50%, Tomago 35%

Gove Project
DIR: Al-Australia (mr)
PAR: Alusuisse 70%, Gove 30%, managed by Nabalco
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Granges Aluminum
DIR: Al-Sweden (s)
PAR: Granges AB

Granges Aluminum
SWEDEN

Greek Helikon
GREECE

Greek Helikon Bauxites GL Barlos SA
DIR: Al-Greece (m)

Greens Creek Mine Joint Venture
DIR: Pb-USA (m) Zn-USA (m)
PAR: RTZ 53%, Hecla 28%, Exalas Resources 13%, CSX Oil & Gas 6%

Greens Creek JV
USA

Guyana Mining Enterprise Ltd
DIR: Al-Guyana (m)
PAR: Government (Bauxite Industry Development Co-Bidco)

Guymine
GUYANA

Hachinohe Smelting Co Ltd
DIR: Pb-Japan (sr) Zn-Japan (r)
PAR: Mitsui 50%, Dowa 20%, Nippon Mining 10%, Mitsubishi 10%, Toho Zinc

5%, Nisso Smelting 5%

Hachinohe
JAPAN

Halco
USA

Halco (Mining) Inc
PAR: Alcan 27%, Alcoa 27%, Pechiney 10%, VAU 10%, Comalco 8%, Aluminia

SpA 6%, Reynolds 6%, Billiton 6%
SUB: CBG 51%

Hamburger Aluminiumwerke GmbH
DIR: A1-FR Germany (s)
PAR: Reynolds 33%, VAW 33%, City of Hamburg 33%

Hamburg Aluminum
FR GERMANY

Hecla
USA

Hecla Mining Co
DIR: Pb-USA (m) Zn-USA (m)
SUB: Greens Creek JV 28%

He?lenic Alumina
GREECE

Hellenic Alumina (ELVA)
DIR: Al-Greece (r) pending

Hibi Kyodo Smelting Co Ltd
DIR: Cu-Japan (sr)
PAR: Mitsui 64%, Nittetsu 20%, Furukawa 16%

Hibl Kyodo
JAPAN

Highland Valley Copper
DIR: Cu-Canada (m)
PAR: Cominco 50%, Rio Algom 34%, Teck 14%, Highmont 3%

Highland Valley
CANADA

Highmont Mining Co
SUB: Highland Valley 3%

Highmont
CANADA

Hindalco
INDIA

Hindustan Aluminium Corp
DIR: Al-India (mrs)

Koninklijke Nederlandsche Hoogovens en Staalfabrieken NV
DIR: A1-FR Germany (s), Netherlands (s)
SUB: Alouette ?%

Hoogovens
NETHERLANDS

Horsehead
USA

Horsehead Industries
SUB: ZCA

Huaron
PERU

Cia Minera Huaron SA
DIR: Pb-Peru (m) Zn-Peru (m)
PAR: Metaleurop 17%, Atacocha 5%

Hudson Bay
CANADA

Hudson Bay Mining and Smelting Co Ltd
DIR: Cu-Canada (s) Zn-Canada (mr)
PAR: Inspiration Resources

Hydro Aluminum
NORWAY

Hydro Aluminium A/S
DIR: Al-Norway (s)
PAR: Norsk Hydro
SUB: Alpart 35%
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Imetal
FRANCE

IMI Refiners
UK

IMM
MEXICO

Inalum
INDONESIA

Inco
CANADA

Indalco
INDIA

Inspiration Resources
USA

Intal co
USA

Interalumina
VENEZUELA

Jamaica Baux
JAMAICA

Jamalcan
JAMAICA

te M ning

Japan Escondida
CHILE

Jersey Miniere
USA

Johore Mining
MALAYSIA

Kaiser
USA

Kaiser Jamaica
JAMAICA

Kennecott
USA

Kobe Alumina
AUSTRALIA

Imetal SA
SUB: Metaleurop 15%

IMI Refiners Ltd
DIR: CU-UK (r)

Grupo Industrial Minera Mexico SA de CV
SUB: Medimsa 66%

PT Indonesia Ashahan Aluminum
DIR: Al-Indonesia (s)
PAR: Nippon Asahan Aluminium Co Ltd (Japanese Consortium) 59%,

Government 41%

Inco Ltd
OIR: Cu-Canada (msr)

Indian Aluminium Co Ltd
DIR: Al-India (mrs)
PAR: Alcan 40%

Inspiration Resources Corp
PAR: Minorco 57% equity & 43% voting
SUB: Hudson Bay

Intalco Aluminum Co
OIR: Al-USA (S)
PAR: Alumax 75%, Mitsui 11%, Toyo Sash 7%, Yoshida Kogya KK 7%

Interamericana de Alumina
OIR: Al-Venezuela (r)
PAR: CVG 98%, Alusuisse 2%

Jamaica Bauxite Mining Ltd
PAR: Government
SUB: CAP, Kaiser Jamaica 51%, Jamaican 7%

Alcan Jamaica Co
DIR: Al-Jamaica (mr)
PAR: Alcan 93%, Jamaica Bauxite Mining 7%

Japan Escondida Corp
PAR: Mitsubishi 60%, Nippon Mining 20%
SUB: Escondida 10%

Jersey Miniere Zinc Co
DIR: Zn-USA (mr)
PAR: Union Zinc

Johore Mining and Stevedoring Co Sdn Bhd
DIR: Al-Malaysia (m)
PAR: Alcan 70%

Kaiser Aluminum & Chemical Corp
DIR: Al-USA (rs)
PAR: Maxxam
SUB: Alpart 65%, Anglesey Aluminum 49%, Boyne 20%, Kaiser Jamaica 49%,

Queensland Alumina 28%, Alba 17%, Valco 90%

Kaiser Jamaica Bauxite Co
DIR: Al-Jamaica (m)
PAR: Jamaica Bauxite Mining 51%, Kaiser 49%

Kennecott Corp
OIR: CU-USA (msr)
PAR: RTZ

Kobe Alumina Associates (Australia) Pty Ltd
PAR: C. Itoh ?%, Nissho Iwai 35%
SUB: Worsley 10%
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Kobe Steel
JAPAN

Korea Mining & Smelting
REP KOREA

Korea Zinc
REP KOREA

Lady Loretta
AUSTRALIA

Leadville JV
USA

Lepanto
PHILIPPINES

Magma
USA

Magmont JV
USA

Malco
India

Mantes Blancos
CHILE

Harcopper
PHILIPP

Maricalum

NES

PHILIPPINES

Marmon
USA

Martin Marietta
USA

Marubeni
JAPAN

Maxxam
USA

Medimsa
MEXICO

Metaleurop

FRANCE

Metall Mining
CANADA

Metallgesellschaft

Kobe Steel Ltd
SUB: Alouette ?%

Korea Mining & Smelting Co Ltd
DIR:  Cu-Rep.  Korea (sr ) Pb-Rep Korea (sr)

Korea Zinc Co
DIR:  Zn-Rep Korea ( r )

Lady Loret ta  Co Pty  Ltd
D I R :  P b - A u s t r a l i a  ( m ) Z n - A u s t r a l i a  ( m )

PAR: Pancontinental 51%, Outokumpu 49%

Leadvi l le  Mine Joint  Venture  (Black  Cloud)
DIR: Pb-USA (m) Zn-USA (m)
PAR: Asarco 50%, Newnont 50%

Lepanto  Consol idated  Min ing Co
D I R :  C u - P h i l i p p i n e s  ( m )

Magma Copper Co
DIR: CU-USA (msr)

Magmont  Uine Joint  Venture
DIR: Pb-USA (m) Zn-USA (m)
PAR: Cominco (Cominco American) 50%, Oresser Industries 50%

Madras Aluminum Co Ltd
DIR: Al-India (rs)

Empresa Minera de Mantes Blancos SA

DIR: Cu-Chile (msr)
PAR: Anglo American S Africa 79%

Marcopper Mining Corp
DIR: Cu-Philippines (m)
PAR: Placer Dome 40%

Maricalum Mining Corp
DIR: Cu-Philippines (m)

The Marmon Group, Inc
SUB: Cerro Copper, Raura 60%

Martin Marietta Corp
SUB: leasing The Dalles, OR aluminum smelter to Northwest Aluminum

Marubeni Corp
SUB: Alouette ?%, PASAR 16%

Maxxam Group Inc
SUB: Kaiser

Mexico Desarrollo Industrial Minero
DIR: Cu-Mexico (ins) Pb-Mexico (msr) Zn-Mex
PAR: It4M 66%, Asarco 34%
SUB: Mexicana de Cobre 91%

Metaleurop
DIR: Pb-France (msr), FR Germany (sr), Spain (sr

Germany (r)
PAR: Preussag 51%, Imetal 15%
SUB: Huaron 17%, Pertusola 51%

Metall Mining Corp.
PAR: PIG 63%

co (mr)

Zn-France (mr , FR

SUB: Copper Range, Nunachiaq 25%, Teck 10%, Ok Tedi 9%, Afton JV 27%,
MIH 4%, El Mochito

see klG
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Mexicana de Cobre
MEXICO

Mexicana de Cobre SA
DIR: Cu-Mexico (ins)
PAR: Medimsa 91%, National Mine and Metallurgical Workers Union 9%

Metallgesellschaft AG
PAR: Allgemeine Verwaltungsges fur Industriebeteiligungen GmbH 25%,

Kuwait Government 10%, Kuwait Petroleum Co 10%, MIM 3%
SUB: Metall Mining 63%, Norddeutsche Affinerie 35%, Ruhr Zinc 50%,

Berzelius

MG
FR GERMANY

Metal lurg . ie  Hoboken-Overpel t
DIR:  Cu-Belgium (sr ) Pb-Belgium (sr ) Z n - B e l g i u m  ( r )

PAR:  Acec-Union Miniere  71%,  Pancont inenta l  4%
SUB: Union Mines 6X

MHO
BELGIUM

Cia Minera Milpo SA
DIR: Pb-Peru (m) Zn-Peru (m)

Milpo
PERU

HIM Holdings Ltd
OIR: Cu-Australia (msr) Pb-Australia (ins) Zn-Australia (m)
PAR: Asarco 19%, Preussag 4%, Netall Mining 4%
SUB: Asarco 25%, Nunachiaq 25%, Norddeutsche Affinerie 35%, Ruhr Zinc

50%, Teck 5%, MG 3%, Brittania

HIM
AUSTRALIA

Minero Peru
PERU

Empresa Minera del Peru SA
DIR: Cu-Peru (mr) Zn-Peru (r)
PAR: Government

Minerals and Resources Corp Ltd
PAR: Anglo American S Africa 40%, De Beers 21%
SUB: Inspiration Resources 5?% equity & 43% voting

Minorco
LUXEMBOURG

Mitsubishi Metal Corp
OIR: Cu-Japan (sr) Pb-Japan (msr) Zn-Japan (mr)
SUB: Chino JV 33%, Mitsubishi-Cominco 55%, Akita Zinc 5%, Onahama 49%,

Hachinohe 10%, Exalas Resources, Texas City 51%, Cox Creek 20%, Japan
Escondida 80%

Mitsubishi
JAPAN

Mitsubishi Cominco Smelting
OIR: Pb-Japan (sr)
PAR: Mitsubishi 55%, Cominco 45%

Mitsubishi -Cominco
JAPAN

Mitsui Mining and Smelting Co Ltd
OIR: Cu-Japan (r) Pb-Japan (msr), Peru (m) Zn-Japan (mr), Peru (m)
SUB: Cominco 3%, Akita Zinc 10%, Hachinohe 50%, Hibi Kyodo 64%, Intalco

11%, Eastalco 11%

t4itsui
JAPAN

Montana Resources
USA

Montana Resources Inc
SUB: Butte JV 50%

Montana Tunnels
OIR: Pb-USA (m) Zn-USA (m)
PAR: Pegasus Gold

Montana Tunnels
USA

Morenci JV
USA

Morenci Mine Joint Venture
DIR: CU-USA (m)
PAR: Phelps Oodge 85%, Sumitomo 15%

Mosal
NORWAY

Mosal Alumirtium SA
DIR: Al-Norway (s)
PAR: Elkem 50%, Alcoa 50%

MRN
BRAZIL

Mineracao Rio do Norte SA
OIR: Al-Brazil (m)
PAR: CVRO 46%, Alcan 24%, CBA 10%, Billiton 10%, Reynolds 5%, Norsk

Hydro 5%
SUB: Alunorte 26X
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Mt HoIly JV
USA

NAAC
BRAZIL

Nabal co
AUSTRALIA

Nal co
INDIA

NANA
USA

Nani si v i k
CANADA

NBHH
AUSTRALIA

New Butte Mining
USA

New Zealand Al Smelters
NEW ZEALAND

Newmont
USA

Nicron
AUSTRALIA

Nippon Light Metal
JAPAN

Nippon Mining
JAPAN

Nippon Steel
JAPAN

Nissho Iwai
JAPAN

Nlttetsu
JAPAN

Nor Peru

PERU

Noranda
CANADA

Norddeutsche Affinerie
FR GERMANY

Mt Holly Smelter Joint Venture
DIR: Al-USA (S)
PAR: Alumax 73%, Clarendon Ltd 27%

Nippon Amazon Aluminum Co Ltd
PAR: Japanese Consortium
SUB: Albras 49%, Alunorte 7%

Nabalco Pty Ltd
PAR: Alusuisse 50%, Gove 50%
SUB: manages the Gove Project

National Aluminium Co Ltd
DIR: Al-India (mrs)
PAR: Government

NANA Development Corp (an Alaskan Native corp)
SUB: Red Dog JV (owns mineral rights)

Nanisivik Mines Ltd
DIR: Pb-Canada (m) Zn-Canada (m)
PAR: Mineral Resources International Ltd 82%

North Broken Hill Holdings Ltd
SUB: Pasminco 40%

New Butte Mining
DIR: Pb-USA (m) Zn-USA (m)

New Zealand Aluminium Smelters Ltd
DIR: Al-New Zealand (s)
PAR: thnalco 79%

Newnont Mining Corp

N

N

N

PAR:
SU8:

cron
SUB:

ppon
DIR:
PAR:

ppon
DiR:
SUB:

Nippon
SUB:

Nissho
SUB:

Cons Gold Fields 49%
SPCC 11%, Leadville JV 50%

Resources Ltd
Woodcutters JV 77%

Light Metal Co Ltd
Al-Japan (rs)
Alcan 50%

Mining
Cu-Japan (sr) Pb-Japan (msr) Zn-Japan (mr)
Akita Zinc 14%, Hachinohe 10%, Japan Escondida 20%

Steel
Nittetsu 28%

Iwai Corp
Kobe Alumina 35%, Dubai Aluminum 8%

Nittetsu Mining Co Ltd
PAR: Nippon Steel 28%
SUB: Hibi Kyodo 20%

Corp Minera Nor Peru
DIR: Cu-Peru (m) Pb-Peru (m) Zn-Peru (m)
PAR: Asarco 80%

Noranda Inc
DIR: Al-USA (S) Cu-Canada (msr) Pb-Canada (sr) Zn-Canada (mr)
PAR: Brascade Resources 46%
SUB: Falconbridge 50%, Brunswick 64%, Frialco 38%

Norddeutsche Affinerie AG
DIR: CU-FR Germany (sr) Pb-FR Germany (sr)
PAR: MG 35%, MIM 35%, Degussa 30%
SUB: Freeport Indonesia 4%
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Norsk Hydro
NORWAY

North Davao
PHILIPPINES

Northwest Aluminum
USA

Norzink
NORWAY

Nunachi aq
CANADA

Nuova Samim
ITALY

O’okiep
SOUTH AFR

OBK
GUINEA

CA

Ojos del Salado
CHILE

Ok Tedi
PAPUA NEW GUINEA

Olympic Dam JV
AUSTRALIA

Onahama
JAPAN

Ormet
USA

Outokumpu
FINLANO

Padaeng
THAILAND

Palabora
SOUTH AFRICA

Pancont inenta l
AUSTRALIA

Norsk Hydro
PAR: Government 51%
SUB: Hydro Aluminum, MRN 5%, Soral 50%

North Davao Mining Corp
DIR: Cu-Philippines (m)

Northwest Aluminum Corp
DIR: Al-USA (S)
PAR: leasing The Dalles, OR aluminum smelter from Martin Marietta

Norzink AS
DIR: Zn-Norway (r)
PAR: Boliden 50%, RTZ 50%

Nunachiaq Inc
PAR: Teck 50%, Metall Mining 25%, MIM 25%
SUB: Cominco 40%

Sta Azionaria Minero Metallurgic SPA
DIR: Pb-Italy (msr) Zn-Italy (mr)
PAR: Government (Ente Nazionae Idrocarburi-ENI) 51%, Snare 49%

O’okiep Copper Co Ltd
DIR: Cu-South Africa (ins)
PAR: GFSA 81%

Offices de Bauxites de Kindia
DIR: Al-Guinea (m)
PAR: Government

Compania Minera Ojos del Salado SA
DIR: Cu-Chile (m)
PAR: Phelps Dodge

Ok Tedi Miriing Ltd
DIR: CU-PNG (m)
PAR: BHP 30%, Amoco 30%, Government 15%, and through Star Mountains

Holdings (Metall Mining 9%, Degussa 9%, Deutsche Ges fur Wirtschaftliche
Zusamnenabeit 8%)

Olympic Dam Mine Joint Venture
DIR: Cu-Australia (msr)
PAR: Western Mining 51%, BP 49%

Onahama Smelting & Refining Co Ltd
DIR: Cu-Japan (sr)
PAR: Mitsubishi 49%, Oowa 30%, Furukawa 8%

Ormet Corp
DIR: Al-USA (rs)
PAR: Ohio River Associates Inc

Outokumpu Oy
DIR: Cu-Finland (msr) Pb-Finland (m) Zn-F~nland (mr)
PAR: Government (direct) 61%, Government (Kansanelakelaitos pension

plan) 14%
SUB: Tara Mines 75%, Lady Loretta 49%

Padaeng Industry Co Ltd
DIR: Zn-Thailand (r)

Palabora Mining Co Ltd
DIR: Cu-South Africa (msr)
PAR: RTZ 39%, Anglo American S Africa ?%, Oe Beers ?%

Pancontinental Mining Ltd
PAR: Asturienne 10%, MHO 4%
SUB: Lady Loretta 51%
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Paraibuna
BRAZIL

Parnasse
GREECE

PASAR
PHILIPPINES

Pasminco
AUSTRALIA

Pechiney
FRANCE

Pegasus Gold
USA

Penarroya
FRANCE

Penol es
MEXICO

Pertusol a
ITALY

Phelps Oodge
USA

Pine Point
CANAOA

Placer Dome
CANAOA

Polaris JV
CANAOA

Portland Smelter JV
AUSTRALIA

Preussag
FR GERMANY

Queensland Alumina
AUSTRALIA

Raura
PERU

Cia Paraibuna de Metais
DIR: Zn-Brazil (r)
PAR: Financiamentos e Participacoes (FIBASE) ?%

Bauxites Parnasse Mining Co
DIR: Al-Greece (m)
PAR: Eliopoulos-Kyriacopoulos Group

Philippine Associated Smelting and Refining Corp
DIR: Cu-Philippines (sr)
PAR: Government (National Development Corp) 40%, Marubeni 16%, Sumitomo

10%, C. Itoh 6%, Philippine copper producers (led by Atlas) 23%, World Bank
5%

Pasminco Ltd
DIR: Pb-Australia (msr), UK (s) Zn-Australia (mr), UK (r)
PAR: CRA 40%, NBHH 40%
SUB: Budelco 50%, ER&S 60%

Pechiney
DIR: Al-France (mrs), Netherlands (s)
SUB: Aluminum Greece 60%, Becancour 25%, Halco 10%, Queensland Alumina

20%, Tomago 35%, Alamsa 30%, Frialco 36%

Pegasus Gold Inc
SUB: Montana Tunnels

Ste Miniere et Metallurgique de Penarroya SA
SUB: merged with the lead and zinc assets of Preussag and renamed

Metaleurop in 1988

Industrial Penoles SA de CV
DIR: Pb-Mexico (msr) Zn-Mexico (mr)
SUB: Fresnillo 60%

Pertusola Sud SA
DIR: Zn-Italy (r)
PAR: Metaleurop 51%

Phelps Dodge Corp
DIR: CU-USA (msr)
SUB: Morenci JV 85%, Chino JV 67%, SPCC 16%, Black Mountain 45%, Ojos

del Salado

Pine Point Mines
PAR: Cominco 51%
SUB: Polaris JV 45%

Placer Dome Inc
SUB: Marcopper 40%, Real de Angeles 33%

Polaris Mine JV
DIR: Pb-Canada (m) Zn-Canada (m)
PAR: Cominco 55%, Pine Point 45%

Portland Smelter Joint Venture
OIR: Al-Australia (s)
PAR: Alcoa of Australia 45%, State of Victoria Government 35%, First

National Resource Trust 10%, China International Trust & Investment 10%

Preussag AG
SUB: Metaleurop 51%, MIM 4%

Queensland Alumina Ltd
DIR: Al-Australia (r)
PAR: Comalco 30%, Kaiser 28%, Alcan 21%, Pechiney 20%

Cia Minera Raura SA
DIR: Pb-Peru (m) Zn-Peru (m)
PAR: Marmon 60%
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Ravenswood Aluminum Corp
DIR: Al-USA (s)
PAR: Stanwich Partners

RavensWood
USA

Minera Real des Angeles
DIR: Pb-Hexico (m) Zn+lexico (m)

P A R: Friisco 33%, Placer Dome 33%, Government (Comision de Fomento

Real des Angeles
MEXICO

Hinero) 33%

Red Oog Mine Joint Venture
OIR: Pb-USA (m) pending Zn-USA (m) pending
PAR: Cominco (Cominco Alaska) (development and operations). NANA (owns

Red Dog JV
USA

m i n e r a l  r i g h t s )

Renison Goldfields Consolidated Ltd
DIR: Cu-Australia (m)
PAR: Cons Gold Fields 46%

Renison Goldfields
AUSTRALIA

Revnolds Metals  C OReynolds
USA

. . - ,  -
DIR: Al-USA (rs), Canada (s)
SUB: Alcasa 28%, Aluminum Oxide Stade 50%, Becancour

5%, Valesul 1%, Worsley 50%, Valco 10%, Hamburg

25%, Halco 6%, MRN
Aluminum 33%

Rio Algom Ltd
PAR: RTZ 53%
SUE: Highland Valley 34%

Rio Algom
CANAOA

Rio Tinto Minera SARio Tinto Minera
SPAIN OIR: Cu-Spain (sr)

PAR: RTZ 49%, Union Explosives 49%, Inversions Mobiliarias SA 2%

RMHK Trepca
DIR: Pb-Yugoslavia (msr) Zn-Yugoslavia (mr)RMHK Trepca

YUGOSLAVIA
PAR: 6okernment

Rudarsko-TopiOnicarski -8asen Bor
OIR: Cu-Yugoslavia (msr)
PAR: Government

RTB Bor
YUGOSLAVIA

RTZ Corp Plc
SUB: Kennecott, Anglesey Alumina 51%, CRA 49%,

39%. Rio Algom 53%, Rio Tinto Hinera 49%,
Creek JV 53%, Tsumeb 14%

RTZ
UK

Escondida 30%, Palabora
Norzink 50%, Somincor 49%, Greens

Ruhr Zink Gmbh
DIR: Zn-FR Germany (r)
PAR: MG 50%, HIM 50%

Ruhr Zink
FR GERHANY

Salzburger Aluminum GmbH
OIR: Al-Austria (s)
PAR: Alusuisse

Salzburger
AUSTRIA

Cia Minera San Ignacio de Morococha SA
DIR: Zn-Peru (m)

San Ignacio Morococha
PERU

Cia Minerales Santander lnc
OIR: Zn-Peru (m)
PAR: OocarbSA

Santander
PERU

Cia Hinera Santo Toribio SA
OIR: Pb-Peru (III) Zn-Peru (m)

Santo Toribio
PERU

Royal Outch/Shell Group
SU8: 8il l i ton

shell
NETHERLANDS

Shoua Aluminum Industries KK
OIR: Al-Japan (r)
PAR: ShowaOenkaKK

ShouaAluminum
JAPAN
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SIEROMCO
SIERRA LEONE

Semincor
PORTUGAL

Soral
NORWAY

Southwire
USA

SPCC
USA

Star-Phoenix Mining
USA

Sumitomo
JAPAN

Sumitomo Aluminum
JAPAN

Sunnyside JV
USA

Sural
VENEZUELA

Suralco
SURINAME

Suralco-Billiton J V
SURINAME

Tara Hines
IRELANO

Teck
CANAOA

Texas City
USA

Toho Zinc
JAPAN

Tomago
AUSTRALIA

Sierra Leone Ore & Metals Co
DIR: Al-Sierra Leone (m)
PAR: Alusuisse

Sociedade Mineira de Neves Corvo SARL
OIR: Cu-Portugal (m)
PAR: RTZ 49%

SorNorge Aluminium A/S
OIR: Al-Norway (s)
PAR: Norsk Hydro 50%, Alusuisse 50%

Southwire Co
OIR: Al-USA (S) CU-USA (r)
SUB: Oubai Aluminum 8%, Cox Creek 20%

Southern Peru Copper Corp
OIR: Cu-Peru (ins)
PAR: Asarco 52%, Cerro Copper 21%, Phelps Oodge 16%, Newmont 11%
SUB: Cuajone JV 91%

Star-Phoenix Mining
DIR: Pb-USA (m) Zn-USA (m)

Sumitomo Metal Mining Co Ltd
OIR: Cu-Japan (sr) Pb-Japan (sr) Zn-Japan (r)
SUB: Morenci JV 15%, PASAR 10%, Akita Zinc 14%

Sumitomo Aluminum Smelting Co Ltd
OIR: Al-Japan (r)

Sunnyside Mine Joint Venture
OIR: Pb-USA (m) Zn-USA (m)
PAR: Alta Bay 65%, Washington Mining 35%

Suramericana de Aleaciones Laminados
SUB: Alusur 20%

Suriname Aluminum Co
OIR: Al-Suriname (ins)
PAR: Alcoa
SUB: Suralco-Billiton JV mine 24% & refinery 55%

Suralco-Billiton Joint Venture
DIR: Al-Suriname (mr)
PAR: Onverdacht mine - Billiton 76%, Suralco 24%; Paranam refinery -

Bill iton 45%, Suralco 55%

Tara Mines Ltd
OIR: Pb-Ireland (m) Zn-Ireland (m)
PAR: Outukumpu 75%, Government 25%

Teck Corp
PAR: Metall Mining 10%, MIM 5%
SUB: Nunachiaq 50%, Highland Valley 14%, Afton JV 73%. Oaniel’s Harbor

JV 63%

Texas City Copper
OIR: CU-USA (s) pending
PAR: Mitsubishi 51%, 4 other Japanese companies

Toho Zinc Co Ltd
OIR: Pb-Japan (sr) Zn-Japan (r)
SUB: Akita Zinc 5%, Hachinohe 5%

Tomago Aluminium Co Pty Ltd
OIR: A1-Australla (s)
PAR: Gove 35%, Pechiney 35%, VAW 12% “
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Touissit
MOROCCO

Trel1eborg
SWEDEN

‘i

Tsumeb
NAMIBIA

Union Explosives
SPAIN

Union Mines
USA

Union Zinc
USA

Valco
GHANA

Valesul
BRAZIL

Vana1co
USA

VAW
FR GERMANY

Venal urn
VENEZUELA

Vexxal
VENEZUELA

Vieille-Montagne
BELGIUM

Volcan
PERU

Votarantim
BRAZIL

Washington Mining
USA

Western Mining
AUSTRALIA

Westmin
CANADA

Cie Miniere de Touissit
DIR: Pb-Morocco (m)
PAR: Asturienne 50%, Government 20%, Matran 15%
SUB: Zellidja ?%

Trelleborg AB
PAR: Edward & Peter Bronfman (Canada)
SUB: Boliden 68%, Falconbridge 50%

Tsumeb Corp Ltd
DIR: Pb-Namibia (msr) Zn-Namibia (mr)
PAR: GFSA 76%, RTZ 14%

Union Explosives Rio Tinto SA
SUB: Rio Tinto Minera 49%

Union Mines Inc.
PAR: Acec-Union Miniere 93%, MHO 6%
SUB: Union Zinc

Union Zinc Inc.
DIR: Zn-USA (m)
PAR: Union Mines
SUB: Jersey Miniere

Volta Aluminum Co Ltd
DIR: Al-Ghana (s)
PAR: Kaiser 90%, Ri

Valesul Aluminio SA
DIR: Al-Brazil (s)
PAR: CVRD 55%, Bil”

Vanalco Inc
DIR: Al-USA (S)
PAR: Bay Resources

ynolds 10%

iton 45%, Reynolds 1%

Corp

Vereingte Aluminium-Werke AG
DIR: A1-FR Germany (rs)
PAR: VIAG Aktiengesellschaft Bonn-Berlin (Government-Kreditanstalt fur

Wiederaufbau) 60%
SUB: Aluminum Oxide Stade 50%, Halco 10%, Tomago 12%, Alouette ?%,

Frialco 5%, Hamburg Aluminum 33%

Industria Venezolana de Aluminio
OIR: Al-Venezuela (s)
PAR: CVG 80%, Japanese Consortium 20%

Vexxal
DIR: Al-Venezuela (s) pending

Ste des Mines et Fonderies de Zinc de la Vieille-Montagne SA
OIR: Pb-Sweden (m) Zn-8elgium (r), Sweden (m), France (r)
PAR: Acec-Union Miniere 96%

Volcan Compania Minera SA
OIR: Pb-Peru (m) Zn-Peru (m)

SA Industrial Votarantim
SUB: CMM, CBA 80%

Washington Mining
SUB: Sunnyside JV 35%

Western Mining Corp Holdings Ltd
SUB: Alcoa of Australia 44%, Olympic Oam JV 51%

Westmin Resources Ltd
DIR: Pb-Canada (m) Zn-Canada (m)
PAR: Brascade Resources 62%
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Woodcutters JV Woodcutters Mine Joint Venture
Australia Dill: Pb-Austral ia (m) Zn-Australia (m)

PAR: Nicron 77%, Lachlan Resources NL 13%, Petrocarb Exploration NL 11%

World Bank International Finance Corp
USA SUB: Buenaventura 5%, Escondida 3%, PASAR 5%

Worsley Worsley Alumina Pty Ltd
AUSTRALIA DIR: Al-Australia (mr)

PAR: Reynolds 50%, Billiton 38%, Kobe Alumina 10%

Young Poong Young Poong Mining Co Ltd
REP KOREA DIR: Pb-Rep Korea (m) Zn

ZCA Zinc Corp of America
USA DIR: Zn-USA (mr)

PAR: Horsehead

ZCCM Zambia Consolidated Copper M
ZAMBIA DIR: Cu-Zambia (msr)

PAR: Government

Zellidja Societe des Mines de Zellidja
MOROCCO DIR: Pb-Morocco (sr)

PAR: Touissit ?%

Zinc South Africa Zinc Corp of South Africa
SOUTH AFRICA DIR: Zn-South Africa (r)

PAR: GFSA 65%

SOURCE: Office of Technology Assessment, 1990

-Rep Korea (mr)

nes Ltd


