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Foreword

This edition of the Canadian Minerals Yearbook marks the centennial of the first
publication of the federal government to record annual statistics on Canada's mineral
production. To underline the occasion, a selection of title pages dating back to 1886 is
reproduced on the next page. It illustrates the various titles and organizations under which
the Yearbook was published over the last one hundred years. A comparative table of 1886 and
1986 mineral production figures, displaying the dramatic increases in output levels of the
Canadian mineral industry, is also presented.

The Government of Canada published its first comprehensive report on the
country's mineral industry in 1886. While preliminary annual statistics were tabled in the
Mineral Production of Canada, the final more exhaustive statistical statements appeared in a
section of the Annual Report of the Geological Survey of Canada entitled Statistical Report on
the Production, Value, Exports and Imports of Minerals in Canada. In 1906, the Department
of Mines undertook to produce the Mineral Production of Canada. In 1921, the responsibility
for this publication was transferred to the Dominion Bureau of Statistics. Subsequently, in
1922, the Department of Mines introduced a new publication, the Canadian Mineral Industry,
which comprised its final annual statistical statements. It was in 1962 that the Canadian
Minerals Yearbook was first published under its existing title.

The 1886 edition was also published in French. Later French editions were
produced intermittently until 1950 when, except for a ten-year period between 1968-78, they
were published on a regular yearly basis.

This issue reports on the activity of the mineral industry over the past year.
The General Review identifies the predominant economic events of 1986 and indicates the major
trends in the Canadian economy. It also covers the general developments and overall patterns
of the mineral industry during the year. The 55 commodity chapters feature economic develop-
ments, uses, price, exports and production and consumption figures specific to each
commodity. The Outlook section under each review provides a forecast of the industry's
future position.

The basic statistics on Canadian production, trade and consumption, unless
otherwise stated, were collected by the Information Systems Division, Mineral Policy Sector of
Energy, Mines and Resources Canada, and by Statistics Canada. Market quotations were taken
mainly from standard marketing reports. Corporate data were obtained directly from company
officials through surveys or correspondence, or were extracted from annual reports.
Energy, Mines and Resources Canada is grateful to all those who contributed information used
in the preparation of this report.

Additional copies of the Yearbook can be purchased from the Canadian
Government Publishing Centre. Reprints of individual chapters and Map 900A, Principal
Mineral Areas of Canada, may be obtained free of charge from:

Publication Distribution Office
Mineral Policy Sector

Energy, Mines and Resources Canada
580 Booth Street

Ottawa, Ontario

K1A OE4

Previous editions of the Canadian Minerals Yearbook have been deposited in various libraries
across Canada.

June 26, 1987
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Front Cover:
View of the Sigma gold mine, located in
Val-d'Or in northwestern Quebec (SSC-Photo-
centre-ASC).

This year, the Sigma Mine celebrates the
50th anniversary of its opening on March 17,
1937. Since operations began, the mine has
produced over 108 862 kg of gold with
production totalling 2 013 kg in 1986.
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SUMMARY OF CANADIAN MINERAL PRODUCTION
1886 VS 1986P

1886 1986
Unit Quantity Valuea Quantity Value Unit
(000) {000)
Antimony ore ton 665 31,490 3 900 23,910 tonne
Arsenic ton 120 5,460 .. .
Asbestos ton 3 4581 206,251 640 300,586 tonne
Barite - - 37 4,635 tonne
Cement - - 10 058 790,846 tonne
Charcoal bush. 901 500 54,000 - -
Chromic iron ore ton 60 945 - -
Coal ton 2 091 976 5,017.225 57 800 1 716,000 tonne
Cobalt - - 2 486 56,242 kg
Coke ton 35,396 101,940 4 536 061 . tonne
Copper (fine, contained

in ore) 1b. 3 505 000 354,000 768 244 1,567,988 kg
Gold oz, 76 879 1,330,442 104 655 1,715,392 g
Graphite ton 500 4,000 . .
Grindstones ton 1 020 46,545 - -

Gypsum ton 162 000 178,742 8 542 80,613 tonne
Iron ore ton 69 708 126,982 36 096 1,254,758 tonne
Lead - - 303 503 204,427 kg
Magnesitic dolomite &

brucite - - 144 19,165 tonne
Manganese ore ton 1 789 41,499 - -

Mica 1b. 20 361 29,008 .. .
Mineral pigments

Baryta ton 3 864 19,270 - -

Terra alba ton 4 000 24,000 - -

Whiting bbl 400 600 - -

Ochre ton 350 2,350 - -
Molybdenum Ib. 150¢ 156 12 914 113,942 kg
Natural gas - - 76 365 6,743,835 000 m3
Natural gas by-products - - 18 906 1,825,439 m3
Nepheline syenite - 485 20,413 tonne
Nickel - - 180 599 1,075 467 kg
Peat - - 587 74,502 tonne
Petroleum bbl. 486 441d 437,797 84 964 9,719,155 m3
Phosphate ton 20 495 304.338 - -

Pig iron (incomplete

return) ton 22 192 237,768 9 248 530 . tonne
Platinum Group - - 8 793 . g
Potash - - 6 969 579,022 tonne
Pyrites ton 42 906 193,077 - -

Quartz - - 2 437 42,834 tonne
Salt ton 62 359¢ 227,195 11 088 241,611 tonne
Silver . 209, 0900 1219 310,102 kg
Soapstone ton 50 400 125 15,746 tonne
Sodium sulphate - - 371 33,413 tonne
Structural materials

Granite ton 6 062 63,309 - -

Marble and serpentine ton 501 9,900 - -

Slate ton 5 345 64,675 91 200 426,306 tonne

Flagstones sq. ft. 70 000 7.875 - -

Building-stones cu. yd. 165 777 642,509 - -

Lime bush. 1 535 950 283,755 2 364 206,400 tonne

Sands and gravels ton 646 552 143,641 242 548 596,603 tonne

Bricks M 139 345 873,600 - -

Tiles M 12 416 142,617 - -

Miscellaneous

clay products . 112,910 . 180,353
Sulphur, elemental - - 6 868 927,083 tonne
Sulphur in smelter gas - - 760 66,983 tonne
Uranium - - 10 977 923,838 kg
Zinc - - 1 055 103 1,304,107 kg

Total 10,529,361 33,854,397f
a8 These figures give full values at the mines, quarries, etc. b Port Arthur district

production, plus about $167,000 estimated silver contained in the copper pyrites of the
Capelton district. € Sold mostly as cabinet specimens. Value for manufacturing purposes from
50 to 60 cents a pound. Y Crude cquivalent of the quantity of refined oils inspected. € In
barrels of 280 lbs. = 445,421 bbls. f The value indicated does not represent the total mineral
production for 1986.

P Preliminary; - Nil; .. Not available.
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General Review
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THE CANADIAN ECONOMY IN 1986

Moderate growth characterized the Canadian
economy in 1986. Real output, measured by
Gross Domestic Product grew by 3.1 per
cent compared with 4.5 per cent for the
previous year. This weaker performance
cannot be considered disappointing, given
the challenges that confronted the economic
environment. Consumer spending, business
investment, and export trade, the sources of
growth in 1985, lost momentum throughout
the year. The determination of the federal
government to cut the budget deficit
resulted in an increase in personal income
taxes and decreased personal disposable
income. Consumer spending declined to a
growth rate of 3.6 per cent compared with
5.2 per cent in 1985. Business investment
which increased 6.6 per cent in real terms
in 1985, registered a 1.1 per cent decline in
1986. Almost all of that decline was attrib-
utable to the drop in world oil prices. The
price of crude oil fell from approximately
$33 per barrel on January 1, 1986 to $14.60
by mid-year. (At one point it dipped below
$10). The average price for the year was
$15 compared with $27 in 1985, Pre-tax
corporate profits in all sectors of the
economy declined for the first time since
1982 from $48 billion in 1985 to $45 billion in
1986. Net income in the oil and gas sector
dropped 56 per cent. An estimated 40,000
jobs were lost in energy industries and the
unemployment rate for the total economy
averaged 9.3 per cent, a slight improvement
over last year, but high when compared with
the United States at 7.0 per cent, Japan at
2.8 per cent and West Germany at 8.0 per
cent. Merchandise trade, historically the
major stimulus to economic growth in Canada
weakened considerably. Increasing imports
and a decline in exports early in the year
gave Canada its first monthly trade deficit in
ten years in July. The overall trade
surplus is estimated to be $11 billion, down
from $17.5 billion in 1985 and the record
$21 billion surplus in 1984. While total
merchandise exports remained at last year's
level of $120 billion, imports increased to

LEMAY

$109 billion compared with $102 billion in
1985. As a result, the current account
deficit climbed from $600 million in 1985 to
$9 billion in 1986.

There were positive aspects to the
economy in 1986. A steady decline in
interest rates brought them to their lowest
level in eight years. The federal deficit
showed a decline of $5 billion, to

$27 billion, after several years of
increases. Investment spending, though
down in the major resource sectors,

increased by 17 per cent in manufacturing,
and residential construction experienced a
boom with housing starts exceeding 180 000,
up from 165,000 in 1985. The inflation rate
held steady at 4 per cent as lower oil prices
were offset by higher sales and excise
taxes.

The economies of Canada's main trading
partners, the United States, Japan, Britain,
West Germany and France, also slowed down
in 1986. The sluggishness was partly the
result of deliberate policy choices as many
countries attemped to cut budget deficits and
keep inflation under control, but the
strongest impact came from the weakness of
the U.S. economy. The United States had
been a source of economic expansion for most
countries throughout the 1980s with their
open market trade policy. The resulting
estimated merchandise trade deficit in the
United States was $170 billion, up from a
record $145 billion in 1985 and $45 billion in
1982. The estimated current account deficit
reached almost $138 billion from a surplus
position in 1981 of $7.6 billion. This,
compared with a current account surplus of
an estimated $105 billion in Japan and
$35 billion in West Germany this year,
generated concern and debate in the United
States. Protectionist sentiments grew
throughout the year bringing the possibility
of higher tariffs and more inclusive import
quotas. The United States maintained that
their trade deficit was not the result of an
inflated dollar (an  argument used in the
past) but of unfair trade tactics by trading

L. Lemay is with the Mineral Policy Sector, Energy,
Mines and Resources Canada. Telephone (613) 995-9466. 1.1



partners. The wvalue of the U.S. dollar
declined 30 per cent during 1986 as the
trade deficit worsened. By year-end, a
turnaround was indicated with improvement
being registered for three consecutive
months. The U.S. economy grew by 2.6 per
cent in 1986 as a result of the trade picture
and in order to reverse the trend, they
looked to other countries to open their
markets to U.S. goods and services while
consuming less foreign imports. The impact
on export trade and growth in the Canadian
economy has already been mentioned.

THE MINERAL INDUSTRY IN 1986

Those events which caused slower growth in
the economy in 1986 had a direct impact on
the performance of the mineral industry.
Lower  oil prices, decreasing business
investment and slower export growth all
contributed to a 24 per cent drop in the
value of mineral production in 1986 compared
with the previous year. The value of output
for the industry including metallic minerals,
industrial minerals and fuels totalled
$33.9 ,billion compared with $44.7 billion in
1985, a $10.8 billion decrease. The fuel
sector, including crude petroleum, natural
gas, and coal accounted for almost all of that
decrease. While the volume of petroleum
output decreased by 0.7 per cent, the value
of output dropped 47 per cent from
$18.4 billion to $9.7 billion. Both volume
and value of output declined for natural gas
and coal as demand decreased.

Metallic minerals showed a better perfor-
mance with value of output up 2.7 per cent
from last year. The increase in value of
output of gold, copper, lead, and molyb-
denum contributed to a total value of metal
output of $8.9 billion compared with
$8.7 billion in 1985. The value of industrial
mineral output including nonmetals and
structural materials remained unchanged
from last year at $4.9 billion giving a total
value of nonfuel mineral output for the year
of $13.8 billion, a 2 per cent increase over
the 1986 value of $13.6 billion.

The top ten commodities in terms of value
of output in 1986 (1985 wvalues appear in
brackets) were: petroleum, $9.7 billion
($18.4 billion); natural gas, $6.7 billion
($8.0 billion); natural gas by-products,
$1.8 billion ($2.8 billion); gold, $1.7 billion
($1.2 billion); coal, $1.7 billion ($1.8
billion); copper, $1.6 billion ($1.5 billion);
zine, $1.3 billion ($1.3 billion); iron ore,
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$1.3 billion ($1.5 billion); nickel, $1.1
billion ($1l.2 billion); and wuranium, $0.9
billion ($1.0 billion).

Alberta continued to be the largest
contributer to mineral output with a value of
$17.5 billion in 1986 but that total was down
35 per cent from $27 billion last vyear.
Ontario came second with a value of
$4.8 billion, up from $4.6 billion last year.
Newfoundland, Manitoba, Saskatchewan and
British Columbia saw decreases in their value
of output of 12.1 per cent, 12.0 per cent,
32.2 per cent and 5.0 per cent respec-
tively, while Nova Scotia and Quebec
increased by 9.6 per cent and 1.4 per cent.

In terms of real output measured by
Gross Domestic Product in 1981 dollars (a
measure of physical volume of output), the
nonfuel mining industry, is estimated to have
increased from $6.1  billion in 1985 to
$6.2 billion in 1986. The total output from
primary metal industries including nonferrous
smelters and refineries, and crude steel
industries is estimated to have decreased
from $3.9 billion in 1985 to $3.8 billion this
year, while metallic and nonmetallic semi-
fabricating and fabricating industries
increased from $8.2 billion to $8.5 billlion.
The value of output in 1981 dollars for the
industry as a whole including mining and
mineral manufacturing totalled $18.6 billion,
up from $18.3 billion in 1985, and repre-
sented 5.2 per cent of the total output of
the economy.

While value of output for nonfuel
minerals increased in 1986 and metal prices

showed some improvement, the industry
continued to suffer from surplus capacity,
sluggish demand and low profits. Cost

cutting remained a priority throughout the
year. Employment in metal mines, nonmetal
mines and structural materials continued to
drop from a peak level of 101 000 in 1981 to
78 000 in 1985 and an estimated 77 000 in
1986. Employment in smelting and refining,
and crude steel industries remained about
the same as last year at 77 000 down from
the 1981 peak level of 95 000. Mineral
manufacturing employment, on the other
hand, increased to an estimated 224 000 from
217 000 last vyear. Employment in mining
and mineral manufacturing totalled an
estimated 379 000 in 1986, or 3.3 per cent of
total employment in Canada.

Another area of cost cutting for the
mining industry included capital and repair
expenditures which totalled an estimated



$3.4 billion in 1986, down from $3.7 billion
in 1985. The estimate of $3.4 billion was
revised upwards from an earlier estimate of
spending intentions total of $3.2 billion.

The availability of flow-through share
financing was of considerable aid to the
mining industry in 1986. Since its inception
in 1983, the flow-through share program
raised almost $750 million. The total amount
raised in the first 11 months of 1986 was
$346 million and is estimated to be
$550 million for the vyear. Almost 85 per
cent of that total was attributable to the
search for gold across all areas of Canada.
In Ontario, claims staked in the first six
months of the year totalled 35 938, three
times higher than for the same period in
1985 and rivalling the record vyear of 1983
when 70 314 claims were recorded.

Despite the sluggish worldwide demand
for minerals in 1986, Canadian exports of
crude and fabricated minerals, based on an

estimate of nine-month data, totalled
$16.2 billion, wup from $15.5 billion in
1985. Crude minerals showed a slight

decrease from a total of $5.2 billion last year
to $5.0 billion this year but refined metals
and fabricated mineral products increased
from $10.4 billion to $11.2 billion. Of the
total of all mineral exports, $10.6 billion or
65.4 per cent was destined for the United
States compared with 61.5 per cent or
$9.6 billion in 1985, $2.9 billion to the EEC,
compared with $3.1 billion last year and
$1.1 billion to Japan, the same as last
year. Mineral exports represented 13.5 per
cent of total Canadian merchandise exports
in 1986, up from 12.9 per cent last year.
Imports of crude and fabricated minerals
totalled $8.3 billion. Net exports contri-
buted almost $8.0 billion to the balance of
trade surplus of $11 billion for 1986.

COMMODITY PRICES AND TRENDS

In terms of value of output in the nonfuel
mineral industry, gold rose to number one in
1986. Volume of production reached 106 t,
compared with 88 t last year and value of
output climbed by more than $500 million to
$1.7 billion as the Hemlo area came into full
production. The price increased sharply in
September reaching its highest level in three
years and averaged $US 366.66 for the year
compared with $317.27 in 1985. Given the
conditions in South Africa and the Middle
East combined with the possibility of
increased protectionist policies in the United
States, most analysts predict a positive
outlook for gold in the near future. One
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dampening effect on price was the
uncertainty concerning the level of U.5.S5.R.
exports. Price made platinum the star

performer among all metals in 1986 rising
from $US 350 in January to $600 in
September. Some 80 per cent of total world
non-Communist production originates in
South Africa where a major labour dispute at
Impala Platinum Holdings Ltd. contributed to
that upward price trend. The fear of
disruption of supply from South Africa, the
increasing demand for platinum as an
industrial metal as well as its increasing
popularity as an investment were other
reasons for its success among precious
metals. Platinum in Canada is produced as a
by-product in relatively small amounts mainly
in Ontario.

Silver came a distant third among
precious metals in 1986. Produced also as a
by-product, volume rose slightly over the
year but value decreased as the price fell.
It dipped below $US 5 for the first time in
five years as worldwide supply increased
and averaged $7.91 for the year compared
with $8.67 in 1985. With Mexico and Peru,
the top two producers in the world
continuing to increase output despite the
price level, the outlook is uncertain for this
metal.

The volume and value of output of
copper increased 4 per cent and 7 per cent
respectively and despite a decline in price
from 68.48 US cents per pound in January
to 60.97 cents in August, the average for
the year was 66.59 cents, a slight improve-
ment from the average 65.98 cents in 1985.
It continued to fall short of the 1981 average
of 101.42 cents and the more recent 1983
average of 77.83 cents per pound. Short
term forecasts show little price improvement
as present oversupply and the existence and
possibility of development of new high-grade
supply looms over the market. The price of
lead also showed improvement in 1986
averaging 30.55 Cdn. cents per pound, up
from 26.18 cents last year. Volume of
output rose 13 per cent and value 32 per
cent as production resumed at the Faro mine
in the Yukon. Non-communist world market
growth is predicted to be slow for the next
few years at around 1 per cent. The
Canadian value and volume of zinc output
was almost unchanged from last vyear.
Volume increased 1 per cent while value
decreased 1 per cent and the price averaged
56.07 Cdn. cents per pound, slightly less
than the 1985 level. Supply disruptions
occurred during the year with strikes in
Australia and Peru and mine closures in the

1.3



United States, keeping prices fairly firm but
predictions for improvement are somewhat
pessimistic. Galvanizing industries continued
to be the major consumer of zinc and demand
forecasts are tied to the automobile sector.
Zinc consumption is not expected to change
appreciably in the next few years, averaging
an annual growth rate of 1.6 per cent to the
end of this decade.

The Canadian nickel industry, charac-
terized by serious oversupply, saw the price
drop from $US 1.83 per pound in January to
$1.65 by late in the vyear. The excess
supply situation was exacerbated by the
Soviet presence in the market. In 1986, the
U.S.S.R. exported an estimated 40 to 50 per
cent more nickel than usual to the Western
markets. An increase in nickel demand was
attributed to the increased use of primary
nickel in stainless steel production in
Western Europe and in the far east,
excluding Japan. Inco Limited, with an
estimated 30 per cent share of the market,
was still by far the world's largest
producer. Despite further cuts in operating
costs, profits remained low for the year.
The next year is not expected to show an
appreciable improvement in  the  nickel
market.

The output of molybdenum increased
significantly in 1986 as some producers
resumed operations after lengthy shut~
downs. Volume of production fell from
11 557 t in 1984 to 7 852 t in 1985, then
recovered to 12 914 t this year. Iron ore
continued to suffer from offshore competition
and a lagging North  American steel
industry. Volume and value of production
fell in 1986 as closures continued. Six
producers remain, down from seventeen in
1979, and forecasts show little improvement
for the rest of the 1980s. The Canadian
uranium industry, having the world's richest
deposits, lowest production costs and highest
exports, braced itself for protectionist
initiatives on the part of the U.S.
producers. Exports to the United States
represented almost a third of the total value
of Canadian production in 1986. The potash
industry came under the same pressure from
U.S. producers. Sixty per cent of Canadian
production of potash is destined for the
United States and the worldwide industry
was plagued with 4 to 5 million t of excess
supply. The price fell to $55 per t in 1986
from a high of $100 in 1979. A turnaround
is not predicted until the mid-1990s.

1.4

Asbestos continued to be pressured by
health concerns and shrinking demand.
Volume of production fell for the sixth
consecutive year. Other nonmetals remained
stable with moderate growth throughout the
year. Structural materials benefited from
the residential construction boom and
increased from $2.1 billion in 1985 to
$2.2 billion in 1986.

OUTLOOK

Stronger economic growth in Canada is
predicted for 1987. This prediction is based
on the assumption that growth in the United
States will also improve. The depreciation of
the U.S. dollar during the last two years
has made American goods more competitive
abroad and the United States will recapture
some market share. The expected
turnaround in the U.S. trade account will
strengthen its economy and Canadian export
growth should improve as a result.

Overall business investment in Canada
will increase in 1987 by 3 to 4 per cent.
Resource prices, particularly oil prices, are
expected to stabilize. Since OPEC signed an
agreement on December 21, 1986, the price
of crude oil rose above $US 17 per barrel
for the first time since May. The increase

in oil prices should bring about some
recovery in investment in the Canadian
energy sector. Non-resource investment

having maintained a steady growth in 1986
will continue to increase in 1987. Analysts
assume that fiscal restraint will continue in
an attempt to further reduce the federal
deficit and the pressure on interest rates.
The delayed income gains to be realized by
consumers due to reduced oil prices should
be felt early in the year.

The  resulting increase on  overall
economic activity will contribute to a growth
rate in real output of 3.5 per cent during
1987. This growth rate is also predicted for
the Canadian mineral industry in 1987.
Action plans for mining companies throughout
the difficult 1980s included rationalizing or
reducing the size of operation and investing
in new technology to improve their produc-
tivity and to strengthen their competitive
position. The industry is presently lean
enough to profit by any improvements in
metal prices.

One area of concern to the mineral
industry next year will be the impact of
overall trade negotiations with the United
States. Free trade in terms of absence of



duties and tariffs has long been in place for
most - crude mineral products from Canada.
The Canadian potash and uranium industries
will be the subject of trade discussions with
the United States during 1987.

The industry will continue to deal with
the advancing inroads made by new substi-
tutes such as plastics, ceramics, composites,
glass and optical fibres. Predictions of
strong competition from these products in
the early 1990s have led to increased con-
cern about the level of investment in
research and development by mining com-
panies. New mineral-based materials and

General Review

products will be the guarantee for growth in
the long term in thé industry.

The performance of the mineral industry
in 1986 was influenced by considerable price
declines for energy commodities while
non-energy commodities either stabilized or

experienced price improvements. The
non-energy component of the industry
appears to have stablilized in terms of

capacity and ability to compete on world

markets. This sector of the industry is
becoming more anticipatory rather than
reactionary to world demand for its
products.

CANADA, PRODUCTION OF LEADING MINERALS, 1985 AND 1986

Per cent Per cent
change change
1985 1986 1986/1985 1985 1986 1986/1985
(000 tonnes except ($ millions)
where noted)
Metals B
Copper 738.6 768.2 +4.0 1,466.9 1,568.0 +6.9
Gold (kg) 87 562.0 104 655.0 +19.5 1,219.7 1,715.4 +40.6
Iron ore 39 502.0 36 096.0 -8.6 1,462.3 1,254.8 -14.2
Lead 268.3 303.5 +13.1 154.8 204.4 +32.0
Molybdenum (t) 7 852.0 12 914.0 +64.5 74.4 113.9 +53.1
Nickel 170.0 180.6 +6.2 1,217.4 1,075.5 -11.7
Silver (t) 1 197.0 1 219.0 +1.8 333.8 310.1 -7.1
Uranium (tU) 10 441.0 10 977.0 +5.1 1,002.1 923.8 -7.8
Zinc 1 049.3 1 055.1 +0.6 1,315.8 1,304.1 -0.9
Nonmetals
Asbestos 750.0 640.0 -14.7 298.6 300.6 +0.7
Gypsum 8 447.0 8 542.0 +1.1 75.1 80.6 +7.3
Potash (K20) 6 661.0 6 969.0 +4.6 629.5 579.0 -8.0
Salt 10 085.0 11 088.0 +9.9 215.4 241.6 +12.2
Sulphur,
elemental 8 102.0 6 868.0 -15.2 1,026.2 927.1 -9.7
Cement 16 192.0 10 058.0 -1.3 788.4 790.8 +0.3
Clay products .. .. .. 138.2 180.4 +30.5
Lime 2 212.0 2 364.0 +6.9 182.4 206.4 +13.2
Fuels
Coal 60 436.0 57 800.0 -4.4 1,845.1 1,716.0 ~7.0
Natural gas
(million m3) 84 344.0 76 365.0 -9.5 8,047.7 6,743.8 -16.2
Petroleum
(000 m3) 85 564.0 84 964.0 -0.7 18,417.8 9,719.2 -47.2

.« Not applicable.
Note: Figures have been rounded.
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CANADA, EXPORTS OF MINERALS, BY STAGE OF PROCESSINGI

Crude
Ferrous
Nonferrous
Industrial
Fuels

Total

Scrap
Ferrous
Nonferrous

Total

Smelted and refined
Ferrous
Nonferrous
Fuels

Total

Semi-manufactured
Ferrous
Nonferrous
Industrial
Fuels

Total

Total mineral exports (including
scrap)

Total domestic exports, all
products

Crude minerals as $ of exports,
all products

Total minerals as % of exports,
all products

% changes
Year 1st 9 months 1st 9 months 1986
1975 1980 1985 1985 1986 1st 9 months 1985
($ millions)
686.3 1,241.3 1,172.9 938.0 778.7 -17.0
811.3 1,598.7 910.7 683.8 748.4 +9.4
798.6 2,369.5 3,074.0 2,378.3 2,188.3 -8.0
4,688.4 8,055.5 12,079.8 8,989.1 6,360.2 -29.2
6,984.6 13,265.0 17,732.1 12,989.2 10,075.6 -22.4
35.2 101.7 110.4 79.8 70.1 -12.2
102.4 430.5 384.3 275.2 312.3 +13.5
137.6 532.2 494.7 355.0 382.4 +7.7
111.9 284.8 242.1 169.7 199.0 +17.3
2,187.6 6,372.2 6,246.3 4,751.4 5,302.0 +11.6
706.3 2,596.0 3,445.4 2,454.0 1,908.5 -22.5
3,005.8 9,253.0 9,933.8 7,375.1 7,409.5 +0.5
651.8 1,789.7 2,158.1 1,671.7 1,552.7 -7.1
213.4 622.1 800.7 611.5 634.9 +3.8
322.3 662.7 915.8 686.4 750.6 +9.4
13.1 353.6 488.7 386.5 154.0 -60.2
1,200.6 3,428.1 4,363.3 3,356.1 3,092.2 -7.9
11,328.6 26,478.3 32,523.9 24,075.4 20,959.7 -12.9
32,586.9 74,446.0 115,911.6 85,542.7 85,885.1 +0.4
21.4 17.8 15.3 15.2 11.7
34.8 35.6 28.1 28.1 24.4

1 The trade data was compiled on the basis of a mineral industry definition developed by the Mineral Policy Sector of EMR in

1977.



BILLIONS OF DOLLARS
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FIGURE 2

CANADA, MINERAL PRODUCTION, 1986
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International Review

W.H. JACKSON

Canada's economy is heavily dependent on
the trade in products of the resource indus-
tries - minerals, energy, agriculture, for-
estry and fisheries. The mineral industry
continues to make a significant contribution
to Canadian balance of payments even in the
highly competitive markets that exist today.

The major events of 1986 that affected
the mineral industry were the re-alignment
of currencies and lower interest rates.
These changes will affect the pattern of
mineral trade and could improve the pros-
pects for growth in the world economy.
There are other international issues worth
watching in 1987. For example, the inter-
national debt problem is not over but seems
manageable.

CANADA'S NONFUEL MINERAL TRADE

Preliminary data for 1986 indicate that
mineral exports increased by 4.4 per cent
to $Cdn 16.2 billion while imports increased
7.5 per cent to $Cdn 8.3 billion. This
performance is impressive and, if there is
any improvement in the world economy, the
trade results for minerals could improve
further in 1987.

Canada's major trading partners for
both imports and exports are the United
States, the European Economic Community
and Japan. Tables 1 and 2 show the overall
trade performance of the mineral industry.

TRADE ISSUES

The past year has seen a resurgence of
protectionist sentiment in various countries
with the result that there have been
attempts to affect long established trade
patterns  while addressing questions of
injurious trade flows.

The Canada-United States relationship
was a stark example of how the recessionary
pressures of the early-1980s have led to a
deviation from the growing historical pattern
of mutual interdependence.

The short-term trend is for particular
U.S. industries to seek competitive advan-
tage by promoting protectionist actions. For
example, there was an attempt to include
cement in the "Buy America", provisions of
the U.S. Federal Surface Transportation
Assistance Act. Voluntary restraint agree-
ments on steel are in place with a number of
countries, not including Canada. There are,
however, quotas on Canadian stainless and
specialty steels. Potash interests are trying
to make a case for their industry. It is
noteworthy that the Superfund Tax Bill in
the United States imposes new taxes to
finance a clean up of toxic wastes but some
parts of the United States industry are still
claiming that Canada is subsidizing industry
by its policy of cleaning up the
environment. Hopefully, the wvalidity of
many of the arguments will continue to be
reviewed with patience and common sense.

Negotiations  on a closer trading
relationship with the United States are
under way and may conclude in 1987. 1In
this respect, we may have something to learn
from WNew Zealand and Australia. These
countries have developed a Closer Economic
Relations Agreement which should cover all
products by the time it is revised in 1988.

GENERAL AGREEMENT ON TARIFFS AND
TRADE

For the longer term, the most significant
event for the mineral industry will be the
outcome of a new round of Multilateral Trade
Negotiations to be called the "Uruguay
Round". These negotiations were agreed to
in September 1986 and will be concluded
within four years. The purpose is to
reverse protectionism, remove distortions to
trade, further the objectives of the General
Agreement on Tariffs and Trade, and
develop a more open and durable multilateral
trading system. The linkage between trade,
money, finance, and development is
recognized.

W.H. Jackson is with the Mineral Policy Sector, Energy,
Mines and Resources Canada. Telephone (613) 995-9466.
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For natural resource-based products,
the negotiations aim to achieve the fullest
liberalization of trade including processed
and semi-processed forms. Attempts will be
made to reduce or eliminate tariff and non-
tariff measures. A successful outcome will
give the mining industry much of what it
needs in terms of market access.

WORLD BANK

New initiatives by the World Bank may have
an impact on overseas investments. An
affiliate, the International Finance Corpora-
tion recently announced a new service,
Guaranteed Recovery of Investment Principal
(GRIP). This action together with the
Multilateral Investment Guarantee (MIGA) will
enhance the attractiveness of investment in
developing countries to which it applies.
The two facilities will reduce risk for
investors.

METALS OVERVIEW

The international picture is particularly
important as it sets the context in which
decisions are made. It follows that the
picture must be accurately drawn. The
mineral industry produces a wide range of
products that enter world trade. Gold had a
particularly good vyear. Asbestos has the
problem of controlled use and fertilizer
minerals were affected by problems in
agriculture. However, consumption of many
commodities is slowly increasing, although at
a much lower rate than in the past. While
chronic overcapacity exists, visible inven-
tories are declining for many commodities
which suggests that market forces are slowly
bringing supply and demand into balance.
It is worth noting that the IMF index of
world metal prices (measured in U.S.
dollars) was stable in 1986 with the price
level about 65 per cent of the price level
prevailing in 1980.

2.2

On this basis there may be room for
modest increases in internationally deter-
mined prices in 1987. However, even for
depressed industries such as steel, increased
efficiencies are evident in turning out more
useable product for many applications at
lower costs. Structural adjustment in the
mineral industry is an on-going process and
much of it is positive as the application of
new technology aids the rejuvenation process
while at the same time often lowers operating
costs.

COMMODITY STUDY GROUPS

One way to establish an accurate picture of
markets is through participation in inter-
national commodity study groups such as
those existing for lead-zinc and tungsten.
The formation of a new nickel study group is
receiving considerable support. This type
of co-operation between producers and
consumers does not require any actions to
control price or supply as is the case for
commodity agreements. Preliminary discus-
sions also took place for copper and tin in
1986 and more substantive discussions are
expected in 1987. The commodity reviews in
this series contain more information on these
developments.

In responding to the competition for
future markets, Canadian industry and
governments along with labour, have mutual
interests in ensuring the competitiveness of
Canadian  industry since it is export
dependent and a price taker in international
markets, not a price setter. If Canadian
industry is to maintain its market share, it
is obvious that the changing needs of
customers must be well known with products
delivered to specification and at a competi
tive price. The competitive pressures on
the Canadian mining industry are not likely
to lessen significantly in 1987.
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TABLE 1. CANADA'S NONFUEL MINERALS EXPORTS 1985 AND 1986, BY MAJOR MARKET AND STAGE OF
PROCESSING1

1985 19862
United United
States EEC3 Japan Total States EEG3 Japan Total
($ million)
Crude
Ferrous 453.1 805.2 67.2 1,172.9 465.7 663.6 32.0 1,038.3
Nonferrous 119.5 368.1 460.5 910.7 96.8 432.5 537.7 997.9
Industrial 973.7 444.7 164.5 3,074.0 857.2 495.2 114.1 2,917.7
Total 1,546.3 1,618.0 692.2 5,157.6 1,419.7 1,591.3 683.8 4,953.9
Scrap
Ferrous 57.3 33.8 6.6 110.4 58.8 21.0 6.3 93.5
Nonferrous 241.7 158.3 18.5 384.3 281.7 122.7 27.6 416.4
Total 299.0 192.1 25.1 494.7 340.5 143.7 33.9 509.9
Smelted and refined
Ferrous 140.8 72.8 21.0 242.1 164.8 69.1 11.5 265.3
Nonferrous 4,417.5 1,152.5 385.7 6,246.3 5,519.7 1,040.1 316.4 7,069.3
Total 4,558.3 1,225.3 406.7 6,488.4 5,684.5 1,109.2 327.9 7,334.6
Semi-manufactured
Ferrous 2,011.5 20.3 2.2 2,158.1 1,933.5 30.5 1.8 2,070.3
Nonferrous 592.7 179.5 27.8 800.7 639.3 187.2 39.1 846.5
Industrial 850.6 29.3 3.3 915.8 926.4 28.1 4.8 1,000.8
Total 3,454.8 229.1 33.3 3,874.6 3,499.2 245.8 45.7 3,917.6
Grand total (excluding
scrap) 9,559.4 3,072.4 1,132.2  15,520.6 10,603.4 2,946.3 1,057.4 16,206.1
Percentage of grand
total 61.6 19.8 7.3 65.4 18.2 6.5

1 The trade data compiled on the basis of a mineral industry definition developed by the Mineral Policy Sector of EMR
in 1977. 2 1986 estimates based on nine month data. 3 EEC: Belgium, Denmark, France, West Germany, Ireland,
Italy, Luxembourg, Netherlands, Portugal, Spain, United Kingdom and Greece.
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TABLE 2. CANADA'S NONFUEL MINERALS IMPORTS 1985 AND 1986, BY MAJOR MARKET AND STAGE OF PROCESSINGI

1985 19862
United United
States EEC3 Japan Total States EEC3 Japan Total
($ million)
Crude
Ferrous 327.6 - 349.1 235.5 0.1 255.5
Nonferrous 361.4 11.2 - 578.0 736.8 18.1 - 938.4
Industrial 295.2 22.2 0.3 344.2 294.4 22.5 0.1 349.7
Total 984.2 33.4 0.3 1,271.3 1,266.7 40.7 0.2 1,543.6
Scrap
Ferrous 77.9 - 78.1 67.3 - 67.5
Nonferrous 199.9 20.2 .. 329.7 218.4 29.5 400.5
Industrial 0.5 - - 0.5 0.8 - - 0.8
Total 278.3 20.2 408.3 286.5 29.5 468.8
Smelted and refined
Ferrous 79.1 44.4 0.1 162.1 73.9 78.9 8.4 201.2
Nonferrous 1,652.7 159.1 69.8 2,245.7 2,033.6 120.6 69.7 2,529.6
Total 1,731.8 203.4 69.9 2,407.8 2,107.5 199.5 78.1 2,730.8
Semi-manufactured
Ferrous 897.8 654.6 245.0 1,885.8 743.6 581.9 225.3 1,705.0
Nonferrous 683.5 144.3 20.7 863.8 785.2 135.9 21.9 963.2
Industrial 874.7 306.7 49.0 1,290.3 878.1 344.1 60.9 1,360.0
Total 2,456.0 1,105.6 314.7 4,039.9 2,406.9 1,061.9 308.1 4,028.2
Grand total (excluding
scrap) 5,172.0 1,342.4 384.9 7,719.0 5,781.1 1,302.1 386.4 8,302.6
Percentage of grand
total 67.0 17.4 5.0 69.6 15.7 4.7

1 The trade data compiled on the basis of a mineral industry definition developed by the Mineral Policy Sector of EMR
in 1977. 2 1986 estimates based on nine month data. 3 EEC: Belgium, Denmark, France, West Germany, Ireland,
Italy, Luxembourg, Netherlands, Portugal, Spain, United Kingdom and Greece.

. Amount too small to be expressed; - Nil.



Regional Review

VALERIE FELL

The value of Canadian metallic mineral
production in 1986 was $8.9 billion, an
increase of $262 million, or 3 per cent,
above the previous vyear. Non-metals
declined 2.5 per cent and structural
materials increased by 3.5 per cent. The
total value of mineral production, which
includes petroleum and natural gas,
decreased by $10.8 billion or 24 per cent.
Output of the energy commodities decreased
by over $l11 billion, or more than 35 per
cent. Physical output of crude petroleum
remained close to 1985 levels, but the value
decreased by 47 per cent or $8.6 billion.

Mineral Development Agreements (MDAs)
between Canada and Newfoundland, Nova
Scotia, New Brunswick, Manitoba  and
Saskatchewan were in the third year of their
planned five-year terms and, for the most
part, were progressing well. MDAs with
Ontario, Quebec and British Columbia, which
were signed a vyear later, entered their
second year in April 1986 and also were
making progress. A small MDA with Prince
Edward Island got under way in April 1986.
These MDAs are subsidiary to federal-
provincial Economic and Regional Development

Agreements (ERDAs), which provide for
consultation between the two levels of
government on all matters relating to

economic development in the regions and the
identification of initiatives that can be
pursued under subsidiary agreements.

In the north, the Canada-Yukon Mineral
Resources Agreement entered its second
year. It is similar to the MDAs and |is
under the umbrella of the Canada-Yukon
Economic Development Agreement. Indian
Affairs and Northern Development is the lead
federal department with participation by
Energy, Mines and Resources. During the
year, negotiations were under way for an
agreement with the Northwest Territories.

Energy, Mines and Resources is the
responsible federal department in the
federal-provincial MDAs. All the MDAs have
major geoscience programs for generating the
data that industry needs for mineral explora-
tion. Some also have programs dedicated to
improvements in mining and proeessing tech-

nology, the identification of opportunities for
mineral development, the direct stimulation of
mineral development, and public informa-
tion. The total federal commitment, on the
basis of the five-year terms of the MDAs, is
$134.7 million; provincial commitments total
$108.9 million.

NEWFOUNDLAND

From 1985 to 1986, the value of mineral
production decreased by 12 per cent to
$764 million. Output of the three most
important commodities fell in wvalue in 1986;
production of iron ore was $702 million, down
from $774 million; zinc output fell to
$8 million from $41 million; and asbestos
shipments were $18 million compared with
$18.2 million.

The exploration industry was very
active in 1986; expenditures are estimated to
be $15 million, up from $12 million the
previous year. The number of claims in
good standing increased to an all time high
of over 32 500 during the year.

Behind this exploration activity, the
driving force was again gold. Hope Brook
Gold Inc. announced that its Chetwynd gold
deposit near the southwest coast will start
open-pit mining with gold extraction by heap
leaching in mid-1987. A 3 000 tpd mill is
scheduled to start wup in early 1988.
Westfield Minerals Limited, The Coniagas
Mines, Limited and Anglo Dominion Gold
Exploration Limited, announced late in 1986
the discovery of stratabound gold in the Bay
d'Espoir region, about 160 km east of the
Chetwynd deposit. Both deposits lie on the
Hermitage Flexure, a structure delineated
under a previous Canada-Newfoundland
Mineral Development Agreement and not
previously known to be a significant host to
gold mineralization. Mascot Gold Mines
Limited is drilling on the Cape Ray deposit
northeast of Port aux Basques.

Other areas with new or significantly
increased exploration activity are western
White Bay, the Baie Verte Peninsula,
Springdale, Buchans-Millertown, Bay St.
George and northern Labrador.

Valerie Fell is with the Mineral Policy Sector, Energy,
Mines and Resources Canada. Telephone (613) 995-9466. 3.1



There was a sharp increase in
exploration for platinum in Newfoundland and
Labrador in 1986. International Platinum
Corporation explored in the Kiglapait
Mountains, north of Nain, Labrador and has
staked other claims in Labrador. Several
companies have been conducting reconnais-
sance programs on ultramafic complexes in
insular Newfoundland.

Newfoundland Zinc Mines Limited's
Daniel's Harbour mine on the west coast
closed temporarily in April 1986 because of
low zinc prices.

Iron Ore Company of Canada (IOC)
began mining high-quality dolomite at Lelia
Lake, Labrador for wuse in self-fluxing
pellets at its Labrador City plant.

At Nut Cove, Trinity Bay, Island Tile
& Slate Limited is developing a slate
quarry. Production is committed to U.S.
markets at present and prospects look
excellent for increased capacity and produc-
tion in future years.

At Long Harbour, ERCO Industries
Limited wuses silica as flux to extract
phosphorus from phosphate rock imported by
ship from Florida. The formerly stockpiled
slag is now being crushed and loaded for the
return trip. The material is to be used as
aggregate for road construction.

First production of fluorspar from
Minworth Ltd.'s mine at St. Lawrence is
expected in early 1987. This is a rebirth of
mining operations on the southern tip of the
Burin peninsula which were active from 1933
to 1978.

Apart from a 2% month summer shut-
down at Wabush Mines caused by reduced
demand from the U.S. steel industry, iron
ore production continued at about
19.4 million tpy. It is expected that output
in 1987 will be about the same.

Highlights of work carried out under
the 1984-89, $22 million Canada-Newfoundland
Mineral Development Agreement geoscience
program included continued geological
mapping in Labrador and northern
Newfoundland; the completion of the regional
geochemical survey of Labrador; and metal-
logenic studies at a number of base metal
deposits.

Under the mining and mineral technology

program a high-grade silica deposit in
Labrador was examined and work continued
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on iron ore recovery techniques and on
improvements in pellet production tech-
nology. Several studies on industrial
mineral markets were initiated.

NOVA SCOTIA

In 1986, the value of mineral production in
Nova Scotia increased by 9.6 per cent, from
1985, to $356 million, of which $176 million
was for coal and $50 million for gypsum.

About  $25 million were spent on
exploration in 1986, primarily for gold. This
is up considerably from 1985 when an esti-
mated $8 million was spent. Some of this
increased exploration expenditure can be
attributed to the Canada-Nova Scotia Mineral
Development Agreement, which was pro-
gressing well in the third year of a five-
year term in 1986. Many of the projects
under the agreement are now providing

results that are influencing exploration
decision-making in the province.
Seabright Resources Inc. was the

largest investor with a total expenditure of
nearly $16 million on gold exploration and
predevelopment work on its Beaver Dam
property in Halifax County and Forest Hill
property in Guysborough County. Rehabil-
itation of the former lead-zinc mill at Gays
River also accounted for a significant portion
of these funds.

Scominex is carrying out a $1 million
underground exploration and bulk sampling
program on the Cochrane Hill gold property
in Guysborough County.

Georgia-Pacific Corporation is opening
a new gypsum quarry at Sugar Camp,
Inverness County. This quarry will
eventually replace the one at River Denys as
reserves there become depleted.

Mosher Limestone Company Limited will
invest $1 million in a new quarry at Kelly
Cove, Victoria County, to produce limestone
for agricultural purposes.

Sifto Salt, a division of the Domtar
Chemicals Group, has completed a $9 million
investment in its plant at Nappan to provide
a totally new energy-efficient process for
making evaporated salt.

At vyear-end, the future of the East
Kemptville tin mine was in doubt. After
resolving a problem with suspended solids in
effluent waters during the year, Rio Algom
Limited turned the property over to its



creditors, a banking consortium led by Bank
of America/Canada. The mine was project-
financed on the basis of tin reserves on the
property. Rio Algom has indicated it would
be prepared to continue to operate the mine
on behalf of the banks but would not
contribute cash to the operation to meet the
bank loan repayments.

NEW BRUNSWICK

In 1986, the value of mineral production in
New Brunswick increased by 3.4 per cent to
$526 million, of which $205 million was for
zinc, $51 million for lead, $51 million for
silver, and $26 million for coal.

The mining industry plays a vital role
in New Brunswick's growth and development,
employing 5 000 people directly. The non-
metallic sector continues to grow mainly
because of potash. Although the number of
claims recorded during 1986 was down
compared to 1985, activity was still strong as
nearly 2 600 claims were staked during the
year. Exploration expenditures totalled
approximately $3 million, up slightly from
1985. Exploration for gold has increased
during 1986 and will continue to be active in
1987.

Brunswick Mining and Smelting Cor-
poration Limited registered its first operating
loss in 1985 and losses continued into 1986,
because of continuing low demand for base
metals resulting in low zinc, lead and silver
prices. To cut costs, Brunswick has
reduced its workforce and plans to make
better use of employees and technology.

Heath Steele Mines Limited and the
University of New Brunswick commenced a
three-year study to obtain detailed structure
and stratigraphic data on the deposit. Fund-
ing for this work is being provided by the
Canada-New Brunswick Mineral Development
Agreement. It is anticipated that this work
will provide targets for drilling that could
increase the ore reserves and thus improve
the mine's economic status. The mine ceased
underground operations in 1982 and is in a
state of care and maintenance.

Gordex Minerals Limited produced the
first gold bar from the open-pit Cape
Spencer property in June 1986. The Gordex
mine is the first in Canada to use the heap
leach process and the first primary gold
producer in the province. Exploration near
the mine site will be ongoing during 1987 to
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increase known reserves. Nearby, Mispec
Resources Inc.'s gold property has under-
gone exploration on the 11 mineralized zones
lying on favourable geological extensions of
the Gordex property.

Encouraging results from diamond
drilling by Lacana Mining Corporation at
Elmtree, near Bathurst, included gold values
over significant widths and depth. 1In the
same area, Northumberland Mines Limited has
announced plans to produce gold and silver
from the Murray Book deposit in 1988.

Potash Company of America, Inc. (PCA)
and Denison—Potacan Potash Company
operated the potash mines near Sussex
during the year. Durham Resources Inc.
plans underground exploration and
development work for next vyear at its
antimony mine at Lake George.

Fourteen peat bogs were in production
and several operations are either being
explored or are in the development stage.
The Peat Research and Development Centre
at Shippegan was officially opened in May, in
cooperation with the University of Moncton.

The five-year, $22.3 million Canada-New
Brunswick Mineral Development Agreement
(MDA) entered the third year. Numerous
geoscience, mining and minerals technology
and economic development projects were
underway and aimed at stimulating the
mining industry of the province. Projects
included metallogenic studies, mapping, and
geophysical surveys; evaluation of mineral
aggregates for alkali reactivity, manganese
sampling, treatment technology, potash
mineralogy studies and backfill tests; and
commodity market studies.

In November, a new drill core storage
facility was officially opened at Sussex. The
$250,000 MDA-funded project is designed
with storage space for 60 960 m of drill
core.

QUEBEC

In 1986, the value of mineral production in
Quebec decreased slightly (2 per cent) to
$2.18 billion. With the exception of gold
and construction materials, most commodities
experienced a decline in wvalue and in
quantity.

In spite of that, 1986 was a good year

for the mineral sector as exploration
expenditures and investments in mining
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development increased significantly compared
to the previous year.
gold and base metals near Matagami and in
the Casa Berardi area, combined with the
attractive flow-through share tax provision,
including the extension of January-February
eligibility, permitted exploration expenditures
in 1986 to exceed the record level estab-
lished in 1985. Such expenditures were
mainly directed towards the search for
precious metals or polymetallic deposits.
The increase in mining development expendi-
tures are partly the result of spending
generated by a former Quebec government
program that was aimed at accelerating
investment in the mineral sector. Under this
program, the Quebec government invested
$120 million in 18 projects to generate more
than $700 million in new investment.

Among the minerals produced in
Quebec, gold ranked first with an estimated
value of $477 million, followed by iron ore at
$400 million, asbestos at $200 million, and
cement at $192 million. Higher prices are
responsible for an increase of 17 per cent in
the value of gold produced; the volume of
production remained unchanged from the
previous year.

A poor market for steel is responsible
for the decrease of 11 per cent in the value
of iron ore produced. The value of asbestos
continued to decline and dropped by 18 per
cent in 1986. Asbestos fiber production is
estimated at 500 000 t compared with
1.2 million t in 1980.

The controlled-use approach for
asbestos supported by Canada was adopted
by the International Labour Organization
(ILO) in June of 1986. Canada is encour-
aging the ratification of the ILO decision by
all the provinces.

In December 1986, Quebec Minister for
Mines and Native Affairs, Raymond Savoie,
introduced an amendment to the mining
legislation at the National Assembly. The
new legislation aims mainly at giving better
access to mineral resources by providing a
prospector's permit, valid for a five-year
period, and by granting a claim for a
two-year period.

The Canada-Quebec Mineral Development
Agreement, by which the two levels of
government agreed to spend a total of
$100 million over a five-year period ending
in 1991, was amended in 1986. The Agree-
ment originally consisted of the five following
programs: Geoscientific Activities; Asbestos
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R&D; Mineral Infrastructure Assistance
Program; Opening Up of the Iron Ore
Industry and Public Information. The

amendment added three new programs: a
program on technical and economic studies
and experimental activities, a program to
implement an automated production and
distribution system for geoscientific
documentation and a program on the defence
and promotion of asbestos.

ONTARIO

In 1986, the wvalue of Ontario mineral
production increased by 3.6 per cent over
1985 and is now worth $4.8 billion. Metals
and nonmetallic minerals accounted for
79 per cent of this value and structural
materials for 19 per cent. Of the total
amount, $815 million was for nickel,
$590 million for copper, $476 million for
uranium, $375 million for zinc and $765
million for gold.

The exploration industry was very
active in 1986, with pgold being the main
target. Although activity was centered
around established mining camps, recent
developments have encouraged work in other
locations. The discovery of a new gold
deposit by St. Joe Canada Inc. in the Pickle
Lake area resulted in much exploration and
staking activity. The intersection of a wide
zone of gold mineralization in the Beardmore-
Geraldton area has companies re-examining
this former gold camp. Encouraging results
by several companies are evident in the
Harker-Holloway and Timmins areas.

At Timmins, the Dome mine, in its 76th
year of production, plans a $1l4 million
improvement and expansion program to
change its gold extraction process from
cyanidation to carbon-in-pulp. Canamax
Resources Inc. announced that it will begin
mining gold from its Bell Creek Property in
Hoyle Township by the first quarter of 1987
and plans to construct a 350 tpd mill which
will be operational in the fall of 1987. At
year-end, ERG Resources Inc. announced
that the reprocessing of 140 million t of
gold-bearing tailings will begin in 1989.

In the Kirkland Lake area, the Macassa
mine of Lac Minerals Ltd. has recently com-
pleted the deepest single-lift, timbered,
vertical shaft (2 202 m) in the western
hemisphere, at a capital cost of $37 million.
Eastmaque Gold Mines Ltd. plans to recover
gold from more than 6 million t of tailings in
the area. The McBean mine closed opera-



tions in September 1986. Golden Shield
Resources Ltd. plans production from the
Mirado gold property in January 1987, using
the McBean mill. The Holt-McDermott pro-
perty of American Barrick Resources
Corporation in Holloway Township will begin
production in the second quarter of 1988.

The Mishibishu area south of Wawa
also has seen activity during 1986. The
MacMillan Energy Corp./Granges Exploration
Ltd. joint venture did extensive fill-in
diamond drilling, which has extended the
known gold zone to the east and north. The
Flanagan McAdam Resources Inc. property
has recently increased reserve calculations
and an underground ramp is advancing at a
good rate.

The three Hemlo mines of Lac Minerals
Ltd., Noranda Inc. and Teck Corporation all
began production last year, resulting in
Ontario being the foremost gold producing
province. These mines are forecast to
account for 25 per cent of Canada's
production of gold by 1990.

The Detour Lake mine, 140 km north-
east of Cochrane, is undergoing a 17-month
underground evaluation program. The fore-
cast reopening is December 1987.

In the northwestern part of the
province, the Griffith iron ore mine ceased
operations in March 1986. The two relatively
high-grade gold mines at Red Lake, the
Arthur W. White and Campbell Red Lake,
continue producing and exploration activities
in this camp are ongoing. The Favourable
Lake gold-silver property will see an
exploration and development program begin
in April 1987 by joint wventure partners
Zahavy Mines Limited and Getty Mines,
Limited. The property has been in a care
and maintenance status since 1983. Work
progresses at the Dona Lake and
Opapimiskan Lake gold properties.

The wuranium operations of Rio Algom
Limited and Dickenson Mines Limited at Elliot
Lake continue to supply 45 per cent of
Canada's uranium output. In September
1986, a $10 million joint-venture plant was
commissioned to recover yttrium oxide from
Denison's uranium operations in a joint
venture with Molycorp, Inc., Shin-Etsu
Chemical Co. and Mitsui & Co., Ltd. of
Japan.

At Wawa, The Algoma Steel Corporation,
Limited's MacLeod Mine has been experiencing
economic difficulties. The company has been
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exploring, with Algoma Central Railway,
means of reducing transportation costs. In
the same area, Citadel Gold Mines Inc. plans
to reactivate its mining operation by mid-
1987 and to refurbish the 750 tpd mill.

Corporation Falconbridge Copper
reactivated the high~grade Winston Lake zinc
property, the 22 km road to highway 17 has
been upgraded, and full production will
begin early in 1988.

The significant rise in platinum prices
last year encouraged staking and exploration
programs in the Lac des fles, Marathon and
Big Trout Lake areas. The Madeleine Mines
Ltd. property at Lac des fles is expected to
go into production at 3 000 to 3 500 tpd,
late in 1987.

The reorganization of the Ontario
Ministry of Northern Development and Mines
has given added impetus to Ontario's mining
industry. Ontario also added $4 million to
the $8 million budget of the Ontario Mineral
Exploration Program (OMEP) for the 1986-87
fiscal year. OMEP pays 25 per cent of the
exploration costs for eligible Ontario mining
projects.

Under the first full field season of the
five-year, $30 million Canada-Ontario Mineral
Development Agreement {(COMDA), geoscience
parties were active in all the areas desig-
nated for geoscientific work. About
$4 million will have been spent by March 31,
1987. In addition, contracts for more than
$1 million have been signed for research into
deep mining technology in the Sudbury
area. A $2 million access road has been
completed, linking highways 66 and 101,
north of Kirkland Lake.

MANITOBA

In 1986, the value of Manitoba's mineral pro-
duction decreased by 12 per cent, from
1985, to $758 million, of which $259 million
was for nickel, $94  million for crude
petroleum, $141 million for copper and
$71 million for zinc.

Mining provides the principal economic
base for the northern communities of Flin
Flon, Lynn Lake, Snow Lake, Leaf Rapids
and Thompson. Low metal prices and
declining ore reserves and grades since 1982
have caused intermittent mine <closures and
the layoff of hundreds of employees. This
has even threatened the existence of several
of the communities, in particular, Lynn
Lake, because of the closure of the Fox mine
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due to ore exhaustion, and Leaf Rapids,
because the Ruttan mine has become
uneconomic.

In response, government and industry
are taking measures to discover and develop
new mineral deposits and reduce production
costs at existing mines. At Lynn Lake, the
MacLellan gold mine has been developed by
SherrGold Inc. and is staffed by approxi-
mately 160 former employees of the now
closed Fox mine. The federal and provincial
governments have provided assistance to this
venture through the Canadian Jobs Strategy
and the Manitoba Jobs Fund. Total invest-
ment had been approximately $55 million at
the time the mine began producing, in
August 1986. Production rate was 2 400 kg
per year of gold.

At Leaf Rapids, Sherritt Gordon Mines
Limited has substantially reduced production
costs at its Ruttan mine. With the assist-
ance of a provincial government loan and at
a cost of $30 million, a deeper and higher-
grade ore zone has been developed and
mining more highly mechanized. Capacity
has been expanded from 1.5 million tpy to
2.2 million tpy and reserves have been
increased to 11.8 million t.

During 1986, the five-year $24.7 million
Canada-Manitoba Mineral Development
Agreement (MDA) entered its third year.
The MDA is intended to strengthen and
diversify mineral development and production
in order to aid the Manitoba economy and
northern mining communities in particular.
Geoscience activities included: Precambrian
geological investigations; mineral investi-
gations; geophysical surveys; geochemical
surveys and glacial prospecting; and
geological compilation. Mining and mineral
processing research activities are Dbeing
conducted to improve productivity, mineral
recovery and health and safety. Economic
studies are being carried out to determine
the commercial potential of industrial mineral
deposits.

Despite the general slump that the
mineral industry is experiencing, mineral
exploration and development is providing
some optimism for an improving economic
outlook for northern Manitoba. In the Flin
Flon area, development is proceeding on a
new gold mine at Tartan Lake and 2 nickel-
copper mine at Namew Lake, and exploration
is active on several gold and base metal
deposits. In the Snow Lake area,
major zinc and precious metal finds are being
explored at Morgan Lake. In the Lynn Lake
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area, wide-spread gold mineralization has
been discovered and is being explored at
various locations, including Farley Lake,
Wasekwan Lake and Lynn Lake.

The future is brighter at the Thompson

nickel  mining and smelting operations
because of continuing efforts to lower
operating costs. This is being achieved

mainly by conversion to bulk mining methods
and the opening of the Thompson Pit, a new
open-pit mine, in September. While employ-
ment levels will not be significantly affected
by these investments, job security will be
improved and the long-term viability of the
Thompson operations enhanced.

Near Bissett, results are encouraging
from an underground exploration program at
the San Antonio gold mine, which has been

shut down since May 1983. South of
Bissett, near ©Lac du Bonnet, Tantalum
Mining Corporation of Canada  Limited

({TANCO) has completed a plant at its Bernic
Lake mine to produce ceramic-grade
spodumene concentrate. The plant, which
cost $6.4 million and employs approximately
40 people, exports all of its product.

The province and Canamax Resources
Inc. have entered into an agreement to

develop a potash mine near Russell. The
initial phase calls for feasibility and market
studies. The partners are attempting to

interest foreign governments in providing
equity investment and a market for the
potash that would be produced.

SASKATCHEWAN

In 1986, the value of Saskatchewan's mineral
production decreased by 32 per cent from
1985 to $2.57 billion. Of this amount, $1.27
billion was for crude petroleum, $447 million
for uranium and $100 million for coal.

In northern Saskatchewan, exploration
for gold and other precious metals remained
intensive during 1986, particularly along the
greenstone belt northeast of La Ronge.
Among the most promising deposits are those
located at Waddy Lake, Laonil Lake, Sulphide
Lake and Mallard Lake. At Star Lake, the
Saskatchewan Mining Development Corpor-
ation (SMDC) and partners are constructing
a 220 tpd gold mine which is expected to
begin producing in 1987 at a rate of
1 030 kg per vyear. Exploration and
development should be further stimulated
from the new Saskatchewan stock saving
plan.



Farther north in the Athabasca Basin,
uranium exploration, development and pro-
duction are active despite the current low
price for this commodity. There are many
properties being actively investigated; one of
the most significant is at Cigar Lake, where
110 000 t of uranium ore averaging 12 per
cent U in the main zone and an additional
38 500 tU averaging 4 per cent U in an
adjoining zone have been identified at a
depth of 425m. Cigar Lake Mining
Corporation, formed by the partners in the
venture, has  applied to federal and
provincial regulatory bodies for approval of
a plan to construct a shaft to test methods
for mining this unique deposit. Another
deposit being actively explored is the Eagle
Point (North and South), which is estimated
to contain 50 000 tU averaging 2.6 per cent
U. Nearby to the south, Eldorado Nuclear
Limited has commissioned its modified and
expanded concentrator at Rabbit Lake and
brought on stream its newly developed
Collins Bay B-zone open-pit mine. The
company intends to also develop the Collins
Bay A and D zones and eventually the Eagle
Point, which would extend the life of its
operation into the late 1990s.

At Cluff Lake on the western side of
the Athabasca Basin, Amok Ltd. is modifying
its concentrator to reprocess radioactive
residues produced during the initial years of
the operation. The project will cost $2.6
million but is estimated to recover $3.8
million of uranium and $4.5 million of gold.
Ore for the concentrator is currently being
obtained from the Claude open-pit and the
Dominique-Peter underground mines. Other
zones are being explored for future develop-
ment.

On the southeast edge of the Athabasca
Basin, Key Lake Mining Corporation is
operating its concentrator at full capacity of
4,600 tU per vyear. The company is
stripping the Deilmann orebody to replace
the Gaertner orebody, which was depleted
by the end of 1986.

In southern Saskatchewan, the Cory
demonstration plant of Potash Corporation of
Saskatchewan (PCS), which utilizes sodium
sulphate and potassium chloride to produce
potassium sulphate, has been undergoing
tests during 1986. If this process is proven
commercially feasible, a 300 000 tpy
potassium sulphate plant is planned which
would utilize sodium sulphate brine from Big
Quill Lake. At the Lanigan operations of
PCS, operators have been on strike over
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wages since March 10. Construction of the
expansion, however, has continued and is
now almost complete. Water infiltration of
Saskatchewan potash mines has occurred
several times in the past year, the most
serious being at International Minerals &
Chemical Corporation (Canada) Limited
(IMCC)'s K-2 mine and Potash Company of
America, Inc.'s mine near Patience Lake.

The third year of the five-year,

$6.38 million Canada-Saskatchewan Mineral
Development Agreement (MDA) commenced
during 1986. Continuing activities include:
geological investigations, particularly for

gold and other precious metal mineralization
in the La Ronge region; studies of geological
relationships in the Kisseynew terrain;
airborne gradiometric surveys in the north-
central region; a lake sediment sampling
program; and research on electrostatic
separation of potash ore. Additional potash
mining and processing technology activities
to be conducted in cooperation with the
industry are being initiated.

The threat of U.S. trade sanctions
loomed over the Saskatchewan potash and
uranium producers in 1986. However, the
potash producers are hopeful that complaints
by New Mexico protectionists will not be
upheld because: the U.S. farm lobby will
oppose any action that could cause higher
prices; New Mexico producers are generally
not competitive with Saskatchewan pro-
ducers; and several Saskatchewan producers
are owned by U.S. multinationals .
Saskatchewan uranium producers are oppos-
ing pressures from U.S. producers and
processers who wish to restrict the amount
of uranium imported from Canada. Canadian
producers are receiving support from some
U.S. utilities, which would see their uranium
costs increase dramatically if restrictions
were applied.

Potash sales continued to fall since
their partial recovery in 1984, as a result of
low prices and reduced demand. This has
caused producers to operate much below
capacity and has induced intermittent lay-
offs. In an effort to expand offshore sales,
Canpotex Limited inaugurated a new trans-
portation system whereby potash is trans-
ported by rail to Minneapolis and then
shipped to Caribbean and Central American
markets. Canpotex Limited has also made its
first sales offset arrangements with an
Indian trading company for industrial equip-
ment needed by the Saskatchewan pro-
ducers. The efforts of Canpotex Limited,
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the Potash & Phosphate Institute of Canada
and other agencies to promote potash in
China and elsewhere are starting to show
positive effects. This diversification has
reduced the dependence on U.S. markets
from about 70 per cent of total sales during
the 1970s to currently about 60 per cent.

ALBERTA

In 1986, the value of mineral production in
Alberta decreased by 35 per cent to $17.46
billion. Of this amount, $7.97 billion was
for crude petroleum, $6.10 billion for natural
gas, $1.76  Dbillion for natural gas by-
products, $874 million for sulphur and
$438 million for coal.

Coal production, the principal mining
activity in Alberta, is eclipsed in economic
importance by the petroleum industry.
However, it is important to the economy of a
number of communities. The communities of
Grande Cache, Edson and Hinton continue to
be affected by intermittent layoffs at nearby
coal mines because of weak offshore demand
for thermal and coking coal.

The Smoky River coal mining operation
of McIntyre Mines Limited at Grande Cache
has been among the most affected as a result
of diminished coal sales in recent years to
Japanese steel mills, its traditional
customers. The company continued to
operate below capacity during 1986 because
of oversupply and weak demand for its
metallurgical coal. However, since 1981, the
company has been reducing its operating
costs to become more competitive. This has
helped it obtain new contracts, the most
important being with a consortium of
Brazilian steel mills.

Mines supplying coal for domestic
electric power generation continue to produce
at near full capacity. A new mine is being
constructed at Genesee, west of Edmonton,
to feed the nearby electric power generating
station of Edmonton Power, which is under
construction. Weak offshore markets have
resulted in deferral of several previously
proposed coal projects.

Alberta's other major non-petroleum
mineral commodity is elemental sulphur,
which is produced as a by-product from sour
natural gas. Demand has recovered since
1983 and prices have increased substan~
tially . Inventories are falling as a
result of the continuing deficit in world
production over world consumption.
Attempts are being made to develop very
sour gas deposits primarily to recover
sulphur.
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Probably the most important event in
1986 for  Alberta's coal and  sulphur
producers was the announcement by the
federal government to deregulate the rail
transportation system. The intentions of
deregulation are to ultimately create a more
competitive rail transportation system for
bulk commodities and hence reduce delivery
costs to markets. Coal producers would
benefit by becoming more competitive in
overseas markets and in southern Ontario
markets, where coal is currently imported
from the U.S.

In April, the Aluminum Company of
America (Alcoa) and  MPLC Canadian
Magnesium Holdings Ltd. announced plans
for a $375 million magnesium smelter near
High River that would have employed over
400 people. However, this opportunity for a
major boost to the regional economy received
a major setback in October when Alcoa with-
drew from the venture. MPLC is attempting
to attract other partners. Production was
planned to begin at 10 000 tpy of magnesium
in 1988 and expand to 50 000 tpy by 1992.

BRITISH COLUMBIA

In 1986 the wvalue of British Columbia's
mineral production was $3.37 billion, down
4.9 per cent from 1985. Of this amount,
$974 million was for coal, $667 million for
copper, $257 million for crude petroleum,
$431 million for natural gas and $170 million
for zinc.

During 1986, new mines opened and
exploration expenditures increased. Provin-
cial government initiatives, such as the
Critical Industries Commission, the Financial
Assistance for Mineral Exploration (FAME)
program and the Industrial Electricity Rate
Discount Act; federal initiatives, such as the
flow~through share provisions in the Income
Tax Act; and joint federal-provincial
initiatives such as the Canada-British
Columbia Mineral Development Agreement
(MDA) have contributed to a rejuvenation of
the industry.

The Critical Industries Commission aided
in the reopening of the Brenda and Bell
mines and contributed to maintaining produc~
tion at the Similkameen Mine. The Critical
Industries Commission brings the mining
companies, labour, municipalities and power
companies to the table to examine innovative
ways to lower costs of mines facing economic
difficulties.

Under the one-year FAME program,
$5 million was provided to directly stimulate
mineral exploration. Grants were provided



for exploration on properties with identified
mineral potential, at developed mines to
identify additional reserves, and for individ-
ual prospectors.

The province has a temporary surplus
of electricity and the Industrial Electricity
Rate Discount Act authorized discounts on
electrical rates as an incentive for industrial
expansion. Discounts were given to those
mines aided through the Critical Industries
Commissioner and also to the Endako mine,
the Lornex mine-mill, the Island Copper mine
and a new copper extraction plant for the
Gibraltar mine.

In December, the province announced
that the seven-year moratorium on uranium
mining and exploration will be allowed to
expire as scheduled on February 28, 1987.

Activities under the five-year,
$10 million Canada-British Columbia Mineral
Development Agreement (MDA) reached full
strength in 1986. Further information on
the MDA activities may be obtained from the
MDA Manager, Ministry of Energy, Mines and
Petroleum Resources, Parliament Buildings,
Victoria, British Columbia, V8V 1X4.

NORTHERN CANADA

The wvalue of mineral production in the
Northwest Territories in 1986 was $789
million, down 8.6 per <cent from 1985.
Exploration expenditures estimated by the
Department of Indian Affairs and Northern
Development were up by about $10 million
over last year to total between $30 and
$35 million.

Production from the Faro Mine resumed
during the year and, as a result, mineral
production was up 205 per cent from 1985,
The 1986 value of production was $183 million
in the Yukon.

The Minister of Indian Affairs and
Northern Development announced a Northern
Mineral Policy near the end of the year.
This policy has three objectives: to provide
the industry with an atmosphere of certainty
as to the government's intentions; to
increase the industries' competitiveness by
providing  services comparable to those
provided elsewhere in Canada and by
minimizing government-imposed costs; and to
encourage a dialogue between the mining
industry, the public and both levels of
government. With this policy the federal
government recognizes the importance of

Regional Review

mining in the north and has provided a
framework for a dynamic mining sector,
which will strengthen the northern economy.

In the Northwest Territories, a Land
Use Planning process is now underway. A
regional commission has been appointed for
Lancaster Sound, and one for the Beaufort
Sea-Mackenzie Delta is being selected.
People in the region are being familiarized
with the planning process, which is to be
community based. The first plan is at least
two vyears away, and will be subject to
public scrutiny and debate before being
submitted to the Minister of Indian Affairs
and Northern Development for approval. In
the Yukon, the Land Use Planning process is
being discussed but is not yet underway.

The report of the Task Force to Review
Comprehensive Claims Policy (the Coolican
Task Force) was released and debated in
1986. The federal government announced a
new comprehensive claims policy at year-end,
which should resolve many of the problems
inhibiting successful claim  negotiations.

In the Yukon, the agreement in
principle with the Council of Yukon Indians
(CYI), which was reached in 1984, was not
acceptable to a number of bands and
negotiations have resumed.

In the Northwest Territories, at the
Dene/Metis negotiations, a Wildlife Agreement
was finally approved by the Department of
the Environment. Negotiations on the
amount of land to be included in the claim
and land selection are proceeding. Explora-
tory discussions have also been held to
determine how native people can benefit from
resource development. At the Tungavik
Federation of Nunavut (TFN) negotiations,
exploratory discussion on a Nunavit Impact
Review Board (NIRB) were held. In 1987,
discussion of land quantum and land selec-
tion processes may begin.

In the western Arctic, some aspects of
the implementation of the Inuvialuit Final
Agreement that have proven, in practice, to
be flawed are being re-examined.

In March 1986, a task force was set up
under the authority of the Yukon Territory
Water Board to review the existing manage-
ment regime for the use of water in placer
mining and provide recommendations to the
Board. The Water Board submitted its
recommendations to the Minister of DIAND in
mid-July. Based on these recommendations
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the government is now devising a generally
acceptable regulatory regime for placer
mining.

The Canada-Yukon Mineral Development
Agreement completed its second of four field
seasons. Detailed mapping was done in the
Rancheria Area and Dawson Range. Results

of geochemical surveys in six map areas were
released resulting in small staking rushes
with each release. Additional map areas
were sampled during the vyear. Projects
including field trials of new placer mining
technologies, settling pond testing, and
laboratory research on heap leaching were
conducted under the Placer Mining Program
in 1986.

CANADA, PROVINCES AND TERRITORIES, LEADING MINERALS, 1985 AND 1986

Value of production Proportion Change
1985¢ 1986P of total from 1985
($ million) (per cent) (per cent)
Newfoundland
Iron ore 774.8 702.4 91.9 2.9
Asbestos 18.2 18.0 2.3 0.3
Zinc 41.0 8.2 1.1 -3.6
Total 869.7 764.1 100.0 ~-12.1
Prince Edward Island
Sand and gravel 1.9 1.7 100.0 -10.5
Total 1.9 1.7 100.0 -10.5
Nova Scotia
Coal 167.6 176.5 49.5 -2.0
Gypsum 47.2 50.8 14.2 -0.3
Sand and gravel 23.9 25.1 7.0 -0.3
Cement 21.0 20.4 5.7 -0.7
Total 325.3 356.6 100.0 9.6
New Brunswick
Zinc 2417.6 205.3 39.0 -9.6
Lead 39.4 51.4 9.7 2.0
Silver 48.9 51.0 9.7 0.1
Coal 31.6 26.7 5.0 -1.2
Total 508.8 526.0 100.0 3.4
Quebec
Gold 419.3 482.9 21.2 2.6
Asbestos 223.6 232.9 10.2 0.3
Cement 183.7 200.7 8.8 0.7
Total 2,243.2 2,275.7 100.0 1.4
Ontario
Nickel 930.7 815.8 17.0 -3.1
Copper 565.3 590.4 12.3 0.1
Uranium 552.5 476.4 9.9 -2.0
Zinc 351.7 375.1 7.8 0.3
Total 4,630.3 4,797.1 100.0 3.6
Manitoba
Nickel 286.6 259.6 34.2 1.0
Copper 137.1 141.3 18.6 2.7
Petroleum 180.7 94.6 12.4 -8.5
Zinc 81.1 71.3 9.4 0.0
Total 862.1 758.3 100.0 -12.0
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CANADA, PROVINCES AND TERRITORIES, LEADING
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MINERALS, 1985 AMD 1986 (Continued)

Value of production Proportion Change
1985% 1986P of total from 1985
($ million) (per cent) (per cent)
Saskatchewan
Petroleum 2,370.0 1,269.7 49.3 -13.1
Potash X x X x
Uranium 449 .5 447.3 17.3 5.5
Total 3,796.5 2,572.8 100.0 -32.2
Alberta
Crude petroleum 15,207.3 7,970.2 45.6 -10.6
Natural gas 7,305.3 6,106.3 34.9 7.9
Natural gas by-products 2,740.3 1,762.1 10.0 -0.1
Sulphur, elemental 992.9 874.1 4.8 1.3
Total 27,029.6 17,462.7 100.0 -35.3
British Columbia
Coal 1,018.6 974.8 28.9 0.2
Copper 594.9 677.7 20.1 3.3
Natural gas 539.6 431.2 12.8 -2.4
Petroleum 433.8 257 .6 7.6 -4.6
Total 3,540.9 3,365.5 100.0 ~-4.9
Yukon Territory
Gold 42.6 65.8 35.8 -35.2
Zinc 0.0 69.4 36.7 n.a.
Silver 13.0 16.8 9.1 -12.5
Sand and gravel 2.9 8.7 4.7 -0.1
Total 60.0 183.5 100.0 205.0
Northwest Territories
Zinc 284.2 350.4 44.3 11.5
Gold 171.0 219.3 27.7 7.3
Lead 44.4 54.2 6.8 1.7
Total 864.6 789.8 100.0 -8.6
Canada
Petroleum 18,417.8 9,719.1 28.7 -12.4
Natural gas 8,047.7 6,743.8 19.9 2.0
Natural gas byproducts 2,809.7 1,825.4 5.3 -0.9
Coal 1,845.1 1,716.0 5.0 0.9
Gold 1,219.6 1,715.3 5.0 2.3
Copper 1,466.9 1,567.9 4.6 1.4
Zinc 1,315.7 1,304.1 3.8 0.9
Iron ore 1,462.2 1,254.7 3.7 0.5
Nickel 1,217.3 1,075.4 3.1 0.4
Uranium 1,002.7 923.8 2.7 0.5
Total 44,733.5 33,854.3 100.0 -24.3
P Preliminary; x Confidential; f Final; n.a. Not applicable.
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Canadian Reserves,
Development and Exploration

A. LEMIEUX, G. MAROIS AND D.A. CRANSTONE

Table 1 illustrates the annually changing
levels of Canadian reserves of seven major
metals, in terms of the metal content of
ore. These quantities were computed on the
basis of information provided by mining com-
panies. They pertain to ore tonnages that,
as far as could be determined, were known
at a level of assurance equivalent to

"proven" (measured) and/or "probable"
(indicated). Tonnages reported as
"possible” (inferred) were not included.

Table 2 shows a province-by-province break-
down for reserves as at January 1, 1986.

While the term ‘'reserves" 1is widely
used to refer to that part of mineral
resources that, on a given date, is well
delineated and considered economically mine-
able, the reserves in Table 1 and Table 2
are confined to those in producing mines and
in deposits that have been committed for
production. These reserves constitute the
reliable core of information. For other
deposits, where concrete steps have not
been taken by companies to prepare them for
mining, judgments by outsiders regarding
economic mineability would not form a con-
sistent basis for reporting reserves. The
purpose of the "reserves" restrictions used
here is to avoid such subjective judgments.

The quantities of reserves reported
cannot, by themselves, give any indication
of whether or not Canada might be running
out of economically mineable minerals.
Future production will draw not only on the
1986 reserves but also on additional reserves
yet to be developed -- from discoveries,
from extensions to known orebodies and from
known but currently marginal or uneconomic
material.

Canada has a large number of potential
supply sources that are less assured than
current reserves {(Table 3). EMR's annual
mineral bulletinl on Canadian mines deals
with Canadian capability for metal production
G. Marois

1 A. Lemieux, L.-S. Jen,

and D.A. Cranstone, "Canadian Mines:

Perspective From 1986," Energy, Mines and
Resources, Ottawa.

both from operating mines and from known
deposits for which future production can be
considered likely.

Measured in terms of metal contained in
mineable ore, total national reserves of the
seven nonferrous metals were generally on
the rise up to 1981 (Table 1). Thereafter,
the upward trend continued only in the case
of gold; its reserves rose almost 70 per cent
from 1981 to 1986. Since 1981, weak prices
have caused a 30 per «cent decline in
reserves of molybdenum, about 20 per cent
for lead and zinc, and some 15 per cent for
copper, nickel, and silver.

From 1985 to 1986, Canadian reserves of
gold rose about 7 per cent. Reserves of the
other six metals declined by varying
degrees: lead 10 per cent, copper and zinc
9 per cent, silver 8 per cent, and
molybdenum 7 per cent. Reserves of nickel
remained essentially unchanged. In the case
of copper and silver, these one-year
percentage declines were unusually large.

On a mine-by-mine and province-by-

province basis, there continued to be
considerable departures from national
trends. Reserves in most mines change

slightly from vyear to year, but on balance
these cancel out in national totals. It is the
relatively few mines with large changes in
reserves that affect the overall direction of
national trends. About one quarter of
Canadian mines were responsible for 80 per
cent of all net changes in reserves of the
seven metals from 1985 to 1986.

The main causes of changes in reserves
from 1985 to 1986 vary appreciably from
metal to metal. The decrease in national
reserves of silver occurred largely because
companies removed from their mineral
inventories entire deposits that no longer
were judged to be mineable in the
foreseeable future. For molybdenum, the
reduction in reserves was due mainly to
companies continuing to reassess downward
the mineable tonnages at operating mines in

light of poor price prospects. For lead and
zinc, write-offs and write-downs of former

A. Lemieux, G. Marois and D.A. Cranstone are with the Mineral Policy Sector,

Energy, Mines and Resources Canada. Telephone (613) 995-9466.
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reserves contributed about equally to
decreases. For copper, reserves dropped
for three reasons: write-offs, write-downs,
and only partial replacement of tonnages
produced in 1985.

Companies plan to close, by 1987, a
number of the mines where write-downs of
reserves took place during 1985. For other
mines, reserves may have dropped only
temporarily, and may well rise again in the
next few years as a result of planned
development programs.

Gold

Several new mining operations and new
commitments to production raised the total of
Canadian gold reserves, notably the Mount
Skukum mine in the Yukon Territories (Total
Erickson Resources Ltd. and AGIP Canada
Ltd.), the Blackdome mine in British
Columbia (M F C Mining Finance Corpora-
tion); the MacLlellan mine in Manitoba
(SherrGold Inc.); the Star Lake mine in
Saskatchewan (Saskatchewan Mining Develop-
ment Corporation, Starrex Mining Corpora-
tion Ltd. and Uranerz Exploration and
Mining Limited); the Missanabie operation in
Ontario (Anglo Dominion Gold Exploration
Limited and Canreos Minerals (1980)
Limited), the S-3 mine in Quebec (Campbell
Resources Inc.), and the Cape Spencer mine
in New Brunswick (Gordex Minerals
Limited). Especially noteworthy are the
additions to the reserves of proven and
probable ore at a single producing operation
-- Lac Minerals Ltd.'s Page-Williams mine at
Hemlo, Ontario -- which were considerably
larger than the combined additions at all of
the above mines.

Copper

The data available up to the fall of 1986
show no notable net additions (gross addi-
tions minus production) to copper reserves
at any producing mine in Canada during
1985. Noranda Inc. stopped counting as
reserves the mineral inventories at its Little
River joint venture {Heath Steele Mines
Limited) in New Brunswick, at its Copper
Mountain (sulphide) deposit in Quebec, and
at its Granisle deposit in British Columbia.
Production at these deposits had been
suspended since at least 1983.

The largest single downward reassessment
of copper reserves took place at Sherritt
Gordon Mines Limited's Ruttan mine in
Manijtoba, contributing to a write-down of
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some $30 million. At Noranda's Brenda mine
in British Columbia, reassessment of
reserves resulted in a new mine plan reduc-
ing expected mine life to less than half of
the previous estimate.

Nickel

Much of the nickel mined during 1985 in
Ontario appears not to have been replaced
with new reserves, but in Manitoba reserves
were up slightly. Because total Canadian
reserves are large compared to annual metal
projection, irregular upkeep of reserves
causes only small percentage variations in
total reserves.

Lead, Zinc and Silver

Lead and zinc reserves were reduced largely
because the mineral inventories at Noranda's
Little River joint venture are no longer
counted as reserves, and because of down-
ward re-evaluation of reserves elsewhere.
Some of the larger reductions took place at
two of Cominco Ltd.'s operations -- the
Sullivan mine in British Columbia and the
Pine Point mine in the Northwest Territories
~- and at the Selbaie mine (A-1 Zone) in
Quebec, owned by BP Resources Canada
Limited and Esso Resources Canada Limited.

One of the few prominent pluses to zinc
and silver reserves in 1985 was the addition
of the Abcourt-Barvue deposit in Quebec
(Abcourt Mines Inc.).

Molybdenum

The main causes of the drop in Canadian
reserves of molybdenum from 1985 to 1986
were: (i) the reassessment of reserves at
Noranda's Brenda mine in British Columbia
and at its Copper Mountain (sulphide) mine
in Quebec, and (ii) the permanent closure of
the Boss Mountain mine in British Columbia
(suspended during 1982).

OUTLOOK

Only in the case of gold (and, to a lesser
extent, zinc) will reserve levels likely
change appreciably from 1986 to 1987
(Table 1). For gold, reserves may rise by
as much as 10 per cent (for zinc about
4 per cent) because of new commitments to
production.

Beginning in 1982, production at several
mines was suspended indefinitely because it
was no longer justifiable at prevailing low



metal prices. Towards the end of 1986,
mining at many of these deposits had either
been resumed, or companies no longer
counted them as part of their reserves, that
is, as material that could be mined profitably
in the foreseeable future. Companies con-
tinue to report '"reserves" for some of the
larger mines still suspended in late-1986
such as the Kitsault molybdenum mine (Amax
of Canada Limited), the Goldstream mine
(Noranda), and the Highmont mine (Teck
Corporation) all in British Columbia; the
Westarm mine in Manitoba (Hudson Bay
Mining and Smelting Co., Limited; the
Aquarius mine in Ontario (ASARCO
Incorporated); and the Newfoundland Zinc
mine (Teck and Amax). If reserves at these
mines were no longer counted, the drop in
national reserves would be significant only in
the case of molybdenum -- over 35 per cent.

Reserves of base metals are unlikely to
be built up substantially unless the market
outlook and prices improve. In that case,
some of the mineral material recently judged
subeconomic might again be considered
reserves; there 1is little doubt, however,
that some of it will become irretrievable
because of revised mining procedures. The
outlook for new commitments in 1987 to
create additional base-metal production
capability for the longer term is not opti-
mistic. Therefore, further declines in
reserves can be expected in the coming
years.

DEVELOPMENT

Figure 1(a) illustrates annual development
expenditures since 1968. These have been
consistently higher than the more widely
publicized expenditures on exploration; the
ratio of exploration to development expendi-
tures is in the order of 0.6, Figure 1(b).

During 1985 a total of $817 million
(preliminary) was spent on mine develop-
ment. The level of development expendi-
tures shows a slightly declining trend (in
constant dollars) since the peak of 1981.

New commitments announced during 1986
to develop additional capability for metal, ore
and  concentrate production in  Canada
amounted to $550 million; 60 per cent of this
was budgeted for gold development. This
was a significant increase from the less than
$200 million announced during 1985, but
considerably less than in 1983-84, a two-year
span when new commitments amounted to
nearly $2 billion because of several mega-

Canadian Reserves,
Development and Exploration

prajects, the likes of which were not
launched during 1986 and were not expected
to be during 1987.

EXPLORATION

In 1985, the companies active in general and
minesite exploration for metallic minerals in
Canada numbered 700 to 800. Of these
companies, only one in seven had one or
more producing mines in Canada, but this
relatively small group of producing companies
accounted for about one-half of all expendi-
tures on such exploration in Canada. Small
independent exploration companies with no
income from producing mines in Canada spent
one-third of the total in 1985.

Figure 2 illustrates exploration activity
in Canada expressed in terms of three yard-
sticks: total expenditures, new claims
recorded and surface diamond drilling.!
From 1984 to 1985, overall field exploration
expenditures remained at the same level; the
total area of claims staked fell slightly; and
surface diamond drilling rose by 13 per
cent.

Exploration Expenditures. The surge in
field exploration expenditures from $365
million in 1983 to $476 million in 1984 levelled
off in 1985, again totalling $476 million.

The most active areas remained Quebec
-~ leading all other provinces in exploration
expenditures --, Ontario and British
Columbia. In 1985, 65 per cent of field
exploration expenditures in Canada were
made in these three provinces.

Preliminary indications are that, in
1986, exploration activity rose most
significantly in Quebec. In late-1986, tax
incentives for exploration in Quebec were
reduced to match those available elsewhere in
Canada. This may dampen the vigor of
exploration activity in Quebec somewhat, but
recent exploration successes in the province
and the momentum of ongoing programs may
keep up the high levels of exploration
activity for some time even without the
special incentives.

1 0il and gas are not covered by these
mineral exploration statistics. In the case of
new claims recorded, coal is excluded as
well.
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Flow-through shares continued to gain
favour as a means of maintaining exploration
activity at a time when industry cash flows
were low. Capital raised through flow-
through shares increased from $34 million in
1983 to $253 million in 1985; preliminary
estimates suggest that it reached about $500
in 1986 and may be higher still in 1987.
Flow-through share tax benefits apply not
only to field expenditures but also to addi-
tional related overhead expenditures that
generally amount to about one-quarter of
field expenditures.

Claim Staking. The area staked in 1985 was
up sharply from 1984 in Newfoundland, Nova
Scotia, New Brunswick and, most notably, in
Saskatchewan where it was five times as
large as in 1984, but these increases were
more than offset by decreases in Ontario,
Manitoba, British Columbia and the Yukon.

The area staked in 1986 was some
25 per cent larger than in 1985, because of
substantial increases in Quebec, Ontario and
Manitoba and moderate increases in the
Northwest Territories and Yukon. The area
of claims staked in Newfoundland and British
Columbia in 1986 was about the same as in
1985. Staking in Saskatchewan was down by
some 25 per cent, but it was still well above
that of 1984. In New Brunswick, the area
staked, which had been up substantially in
1985, fell to a level only slightly above that
of 1984.

Diamond Drilling. The total amount of
metres drilled nationwide was 10% higher in
1985 than in 1984; it rose 63% in Ontario,
33% in Newfoundland and 17% in Quebec.

Depending on the province, drilling
expenditures represented 35-50 per cent of
total field expenditures.

Exploration Targets. Gold was the prime
exploration target in all regions except in
Saskatchewan and Alberta. In Saskatchewan,
more was spent on the search for uranium
and, in Alberta, more on coal exploration
than on all non-fuel minerals together.

Almost two-thirds of Canadian mineral
exploration expenditures in 1985 was aimed
at gold. About the same proportion of the
30 mineral deposits discovered in Canada
during 1985 (a typical annual discovery rate
over the last 25 years) were gold deposits.

Foreign companies (mostly government
agencies) accounted for about 60 per cent of
the $23 million spent on Canadian uranium
exploration in 1985, There were no oil
company expenditures on uranium exploration
in 1985, in contrast to tens of millions of
dollars a few years ago.
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Notable Canadian mineral discoveries of
1985 are Beaverdam (gold) in Nova Scotia;
Elmtree (gold) in New Brunswick; Isle Dieu
(zinc-copper-silver), Ribago-Silidor-Waite—
Beauchastel (gold), and Estrades (gold-
zinc-silver-copper) in Quebec; Golden
Patricia (gold), Matheson East (gold), and a
new silver discovery 2.5 km from the main
shaft of the Langis mine in Ontario; Namew
Lake (nickel-copper-platinum  metals) in
Manitoba; Rod and Rod South (gold) in
Saskatchewan; Tel (gold) and Lara (gold-
silver-zinc-copper-lead) in British Columbia;
and Cass (gold) in the Northwest Terri-
tories. In the Yukon, known tonnages were
greatly enlarged at the previously known
Brown-McDade (gold-silver) and Mount
Hundere (zinc-lead-silver) deposits.

A joint federal-provincial survey of
exploration field expenditures shows the
following distribution of expenditure for

1985, by commodity groups:

Per cent
Precious metals (primarily
(gold; some silver and
platinum group metals) 67
Copper, zinc, lead and nickel 20
Other metals 7
Nonmetallic minerals 6

Money spent in the search for gold has
risen -- as a percentage of total mineral
exploration expenditures for new deposits in
Canada -- from 4% in 1975 to 10% in 1979, to
20% in 1981, to over 50% in 1984, to about
60% in 1985, and the percentage is expected
to rise still further.

Promising Deposits. The rate of discovery
of mineral deposits in Canada has been at a
high level for many years. Table 3 lists
almost 150 deposits that, in late-1986,
appeared particularly promising. Selection
was based on the evaluation of exploration
efforts made to date, tonnages, metal
grades, the availability of infrastructure,
and the probable mining methods. Each
deposit selected as promising for future
production was rated on a scale of 1 to 3,
with 3 signifying the greatest relative
promise. Because the information available
on individual deposits varies greatly, this
rating is largely subjective. The outlook for
a continuation of weak base-metal prices led
us to remove some deposits previously con-
sidered promising, but we added a compar-
able number of gold deposits. Other
deposits that may be widely regarded as
promising are not included because the
owners have not released sufficient informa-
tion or Dbecause the deposit is not vyet
adequately outlined.
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TABLE 1

CANADIAN RESERVES, 1978-86 AND ESTIMATES FOR 1987

Quantities of Metals Contained in Proven and Probable Mineable Ore'

In Operating Mines and Deposits Committed for Production as at January 1st

Metal Units2 1978 1979 1980 1981 19824 19834 19844 19854 19864 19874,5 19875,6
Copper 000 t 16 471 15 840 16 405 16 831 15 815 17 022 16 163 15 788 14 384 14 400 14 100
Nickel 000 t 7 389 7 070 7 245 8 304 8 013 7 581 7 339 7 222 7 047 7 000 7 000
Lead 000 t 8 934 8 911 9 557 10 19 10 244 9 029 9 048 8 887 8 012 8 000 8 000
Zinc 000 t 26 908 26 452 28 635 29 436 29 505 26 077 26 371 26 218 23 747 24 600 24 300
Molybdenum 000 t 384 462 554 550 514 494 446 393 364 360 230
Silver t 29 085 29 398 31 564 33 614 32 154 31 381 31 359 31 300 28 801 29 200 29 100
Gold3 kg 366 421 4D9 SB2  S40 493 769 BBY 842 215 837 707 1 166 677 1 225 434 1 306 B14 1 426 S00 1 422 000

1 No allowance is made for losses in milling, smelting and refining.

ounces.

3 Excludes metal in placer deposits.
in deposits committed for production at year-end 1986.

2 One tonne =

1.1023113 short tons.
4 Includes metal in mines where production has been suspended indefinitely.

One kilogram =

32.150746 troy
Includes metal

6 Excludes metal in mines where production has been suspended indefinitely.

TABLE 2

CANADIAN RESERVES BY PROVINCE

Quantities of Metals Contained in Proven and Probable Mineable Ore!

In Operating Mines and Deposits Committed for Production as at January 1, 19862
Metal Units3 Nfld. N.S. N.B. Que Ont . Man. Sask. B.C. Y.T. N.W.T, Canada®
Copper 000 t - 62 340 680 6 292 558 14 6 438 - - 14 384
Nickel 000 t - - - - 5 215 1 832 - - - - 7 047
Lead 000 t - - 3 866 - 156 16 1 145 1 403 1120 8 012
Zinc 000 t 122 104 9 41 656 3 882 641 10 2 789 2 109 3 963 23 747
Molybdenum 000 t - - - 1 14 - - 349 - - 364
Silver t - - 10 30 1 286 7 540 767 11 6 792 1970 134 28 801
Gold4 kg - - 1 555 215 468 845 389 38 Be4 4 225 131 307 8 443 61 562 1 306 814
1 No allowance is made for losses in milling, smelting and refining. 2 Includes metal in mines where production has been suspended
indefinitely. 3 One tonne = 1.1023113 short tons. One kilogram = 32.150746 troy oumces. % Excludes metal in placer deposits. 2 May not

balance due to rounding at the provincial level.

- Nil.

uoneio|dx3 pue Juawdo|anag

'S9AIDSIY ueIpRURD)



9y

TASLE 3
TONNAGES AND GRADES OF ADDITIONAL DEPOSITS CONSIDERED IN LATE-1986 MOST PROMISING FOR FUTURE PRODUCT ION

1. RATING: Individual deposits have been assigned one, two, or three stars on the basis of
(a) state of exploration and development, (b) tonnage and grade reported publicly, (c) available infrastructure, and {d) mining method and other
factors affecting viability. In this judgment of relative merit, three stars imply the highest promise.

2. TONNAGE and GRADE: As reported by a direct source or, where necessary from the secondary source that appeared Lo be the best informed. Imperial
units reported were converted to metric units and rounded.

3. Where two or more companies are identified with a deposit, the first is usually the operator.

GRADE
COMPANY AND DEPOSIT RATING TONNAGE Cu Ni Pb In Mo Ag Au
tonnes? % % % % % g/t g/t
NEWE QUNDLAND
Hope Brook Gold Inc.
Hope Brook (Chetwynd)
- open-pit *ex2 684 000 - - - - - - 444
- underground xx2 9 703 200 - - - - - - 4.10
Dolphin Explorations Ltd.
Mascot Gold Mines Limited
Cape Ray *x 630 500 - - - - - 14.98 8.02
NOVA SCOTIA
Greenstrike Gold Corp.
Pan East Resources Inc.
Fifteen Mile Stream * 194 100 - - - - - - 7.5
Inco Limited
Northumberland Mines Limited
Cochrane Hill mine X 907 200 - - - - - - 11.0
Seabright Resources Inc.
Beaver Dam ikl 1 420 000 - - - - - - 9.9
Forest Hill mine ** 245 425 - - - - - - 9.90
Gays River mine * 981 400 - - 5.35 9.42 - - -
Oldham & Montague - tailings ** 339 000 - - - - - - 1.66
NEW BRUNSWICK
Lacana Mining Corporation
Elmtree Brook * 363 000 - - - - - - 5.1

Lincoln Resources Inc.
Placer Development Limited
Third Portage Lake (Restigouche) * 2 721 600 0.34 - 4.5 6.0 - 86.0 -
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Northumberland Mines Limited
Kennco Explorations, (Canada) Limited
Murray Brook - gossan *rx 1 723 600 - - - - - 45,46 1.34

Noranda Exploration Company, Limited
Conwest Exploration Company Limited
Half-Mile Lake % 12 338 000 0.19 - 2.52 7.50 - 30.9 -

QUEBEC

Aabarock Mining Resources Inc.
Louvem Mining Company Inc.
Sullivan Mines Inc.
Courvan * 367 400 - - ~ - - - 4,66

Amberquest Resources Ltd.
New Goldcore Ventures Ltd.
Cambior inc.
Rouyn-Merger mine * 466 300 - - - - - - 6.1

Audrey Resources Inc.
Corporation Falconbridge Copper
Mobrun (Dufresnoy) - underground b 1 071 422 0.84 - - 3.59 - 36.11 3.12
- open-pit X 285 420 0.68 - - 2.64 - 26.21 1.66

Augmitto Explorations Limited
Durbar (Beauchastel) *x 1 315 400 - - - - - - 5.5

Aumine Exploration
Sullivan Mines Inc.
Goldstack Resources Ltd.
Dubuisson (Malartic Goldfields) % 788 500 - - - - - - 6.14

Aunore Resources Inc.
Nova Beaucage Mines Limited
Peel-Elder % 587 550 - - - - -~ - 6.24

Aur Resources Inc.
Orenada - Zone 4 {Bourlamaque) ** 671 300 - - - - -~ - 5.5

Belmoral Mines ltd.
Wrightbar Mines Limited

drightbar (Bourlamague) *x 116 600 - - - - - - 7.9
Cambior inc.

Pascalis - Sud No. 1 * 350 000 - - - - - - 6.17
Campbell Resources Inc.

Devlin mine (Obalski) * 1 134 000 2.25 - - - ~ - -

Main mine (Obalski) - pillar * 2 015 000 0.85 - - - - - 0.10
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GRADE
COMPANY AND DEPOSIT RATING TONNAGE Cu Ni Pb Zn Mo Ag Au
tonnes! % % % % % g/t 9/t
QUEBEC (cont'd)
Campbell Resources Inc.
Meston Lake Resources Inc.
Joe Mann mine (Rohault) *rx 499 000 0.40 - - - - - 7.37
Cogesco Mining Resources Inc.
Aur Resources Inc.
Nolartic mine (Vassan) * 781 000 - - - - - - 4.5
Corporation Falconbridge Capper
Ansil (Duprat) wxx 2 100 000 7.0 - - 6.5 - 24.0 1.7
Dassen Gold Resources Ltd.
Russian Kid (Dasserat) L 1 220 100 - - - - - - 6.9
Dome Mines, Limited
Western Quebec Mines Co. Ltd.
K-Zone Extension (Vassan) * 1 147 600 n.a - - - - - 4.11
D'Or Val Mines Ltd.
Beacon No. 2 (Louvicourt) I 312 000 _ _ _ . _ _ 7.9
Dumagami Mines Limited
Dumagami mine »xx2 4 955 000 - - - - - n.a 4.59
tastern Mines Ltd.
Silver Sceptre Resources Ltd.
Hosco-Heva
- Hosco ** 1 144 640 - - - - - - 4.11
- Heva 1 806 000 - - - - -~ - 5.62
Falconbridge Limited
Callahan (Dubuisson) L 2 300 000 - - - - - - 6.51
Goldex Mines Limited
Probe Mines Limited
Dalton/Probe (Dubuisson) * 776 600 - - - - - - 7.17
Inco Limited
Golden Knight Resources Inc.
Golden Pond - Main zone *¥ 2 630 800 - - - - - - 7.2
- East zone e 3 628 700 - - - - - - 6.9
- West zone *x 1 814 300 - - - - - - 6.9
Louvem Mining Company Inc.
Pascalis-Nord (Pascalis) *x 233 500 - - - - - - 6.8
Noranda Inc.
La Gauchetikre * 1 245 600 0.87 - - 4.28 - 16.5
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Noranda Inc.
Cambior inc.
Cogesco Mining Resources Inc.
Ribago-Silidor *¥ 544 300 - - - - _ _

Noranda Inc.
Isle Dieu Mattagami Mines Limited
Isle Dieu *xx2 2 100 000 1.23 - - 22.4 - 95.0

Noranda Inc.
Nuinsco Resources Limited
New Insco mine (Hébécourt) 792 900 2.59 - - - - 20.6

Northgate Mines Inc.
Bateman Bay mine (McKenzie) b 678 700 1.76 - - - - 13.7

Norbeau Mines Inc.
Norbeau mine (McKenzie) had 916 260 -~ - - - - -

NSR Resources Inc.
Rand Malartic Mines, Limited
Cogesco Mining Resources Inc.
Rand Malartic * 262 530 ~ - - - - -

Perron Gold Mines Ltd.
Noranda Exploration Company, Limited
Cogesco Mining Resources Inc.
Sleeping Giant (Chaste) % 1 360 800 ~ - - - - -

Placer Development Limited
Eastmain River 1 333 600 0.22 - - - - 12.3

Quebec Explorers Corporation Ltd.
Cogesco Mining Resources Inc.
Dubuisson ** 399 160 ~ - - - - _

Ressources Minitres Rouyn Inc.
Lac Fortune * 246 950 ~ - - - - -

Ressources Minigres Rouyn Inc.

Lac Minerals Ltd.
Francoeur mine ** 656 000 - - - - - -
Wasamac mine - pillar had 1 088 600 ~ R - - - -

Sullivan Mines Inc.
Aiguebelle Resources Inc.
Cambior inc.
Eldrich-Flavel (Duprat) *x 974 900 ~ - - - - -
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COMPANY AND DEPOSIT RATING

TONNAGE

Ni

Pb

Ag

Au

QUEBEC (cont'd)

Sullivan Mines Inc.
Bachelor Lake Gold Mines Inc.
Flordin Mines Limited
Flordin {Desjardins) *

Sullivan Mines Inc.
Dominion Explorers Inc.
Croinor (Pershing) *

Teck Corporation
Golden Hope Resources Inc.
Golden Group Explorations Inc.
Estrades e
- Main zone
- Middle zone
- East zone

Yorbeau Resources Inc.
€llison - A zone *%

Yorbeau Resources Inc.
Campbell Resources Inc.
ERG Resources Inc.
Astoria (Rouyn) **

ONTARIO

American Barrick Resources Corporation
Holt-McDermott mine *x%2

Canamax Resources Inc.
Bruneau Mining Corportation
Clavos (German & Stock) *

Canamax Resources Inc.
Consolidated CSA Minerals Inc.
Bell Creek mine *xx2

Canamax Resources Inc.
Kremzar Gold Mines, Limited
Kremzar T

Canamax Respurces Inc.
Procan Exploration Company Limited
Matheson - East zone *x

tonnes’

471

386

889
848
602

Tab

142

721

426

174

997

524

000

000

683
463
145

000

740

500

400

900

900

350

a?

8%

a?

g/t

163.5
75.8
68.6

g/t
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Citadel Gold Mines Inc.
Surluga-Pango mine

Consolidated Professor Mines Limited

Duport mine

Corporation Faleconbridge Copper
Zenmac Zinc Ltd.
Winston Lake mine

Dome Mines, Limited
Campbell Red Lake Mines Limited
Dona Lake

Dome Mines, Limited

Inco Limited

Esso Minerals Canada

Lacana Mining Corporation
Snoppy Lake

Echo Bay Mines Ltd.

Nuinsco Resources Limited

Lockwood Petroleum Inc.
Cameron Lake

Emerald Lake Resources Inc.
Place Resources Corporation
Golden Rose

ERG Resources Inc.
Pamour Inc.
Timmins - tailings

Freegold Recovery Inc.
Campbell Red Lake Mines Limited
Balmerton - tailings

freegold Recovery Inc.
Kirkland Lake - tailings

Getty Resources Limited
Davidson Tisdale Mines Limited
Tisdale

Golden Shield Resources Ltd.
Mirado Nickel Mines Limited
Mirado mine (Cathroy-Larder)

Goldpost Resources Inc.
New Kelore Mines Limited
Hislop

Intex Mining Company Limited
Frankfield Explorations Ltd.
Tully

x*n2

*%

*xx2

*¥

132

451

360

100

180

995

474

747

000

082

534

748

450

362

272

500

800

850

0oo

800

200

700

000

300

300

400

425

800

100

.01

30.3 1

.05

.00

.51

.75

.34
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COMPANY AND DEPOSIY

RATING

TONNAGE

GRADE

Pb

In

Mo

Ag

Au

ONTARIO (cont'd)

Jamie Frontier Resources lInc.
Pipestone Bay

Kerr Addison Mines Limited
Eldor Resources Limited
Larder Lake

Mono Gold Mines Inc.
Bannockburn

McFinley Red Lake Mines Limited
Phoenix Gold Mines Limited
McFinley (Bateman)

Muscocho Explorations Limited
Jerome Gold Mines Corporation
Jerome

Muscocho Explorations Limited

Flanagan McAdam Resources Inc.

Windarra Minerals Ltd.
Mishibishu Lake

Muscocho Explorations Limited
McNellen Resources, Inc.
Magino

Noranda Exploration Company, Limited
Band-Ore Gold Mines Limited
Shebandowan

Norben Gold Resources Inc.
Pancontinental Mining (Canada) Ltd.
Northern Empire - dump

Novamin Resources Inc.
Eldor Resources Limited
Cadieux

Novamin Resources Inc.
First General Mine Management &
Gold Corp.
Rundle

Orofino Resources Limited
Orofino mine

*¥*

*

%

%

X

*x

tonnes!

72

737

226

237

528

587

967

589

149

725

156

240

660

300

740

700

900

650

800

700

700

700

580

500

a®

B

g/t

7.7

g/t

17.04

8.2-
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Orofino Resources Limited
Groundstar Resources Limited
Orostar mine (Davis)

Silver Lake Resources Inc.
Silverside Resources Inc.
North Cobalt

St. Andrew Goldfields Ltd.
Quebec Sturgeon River Mines Limited
Stock

St. Andrew Goldfields Ltd.
£sso Minerals Canada
Taylor

St. Joe Canada Inc.
Golden Patricia

Vedron Limited
Belmoral Mines Ltd.
Vedron-Romfield

Zahavy Mines Limited
Getty Resources Limited
Favourable Lake

MANITOBA

American Barrick Resources Corporation

Zenco Resources Inc.
Squall Lake - near surface

Cobra Emerald Mines Limited
Comiesa Carporation
Nor-Acme - tailings

Granges Exploration Ltd.
Abermin Corporation
Tartan Lake - Main zone

Hudson Bay Mining and Smelting Cn.,
Limited
Namew Lake

Nor-Acme Gold Mines, Limited
Nor-Acme mine

Pioneer Metals Corporation
Puffy Lake mine

San Antonio Resources Inc.
Cassiar Mining Corporation
San Antonio mine

*xx2

* %

*%

wxxl

%

*xx2

57

99

667

989

700

907

646

680

221

464

2 590

2 527

1179

1322

800

350

000

0ao

200

800

400

009

$00

00u

450

s00

290

0.82

2.44

1029.0

165.6

20.0

1.1

11.97

uoneiojdx3 pue yusawdojanaq

‘SDAI3SIY ueipeued



1 4% 4

COMPANY AND DEPOSIT

RATING

TONNAGE

Pb

Ag

SASKATCHEWAN

Golden Rule Resources Ltd.
Comaplex Resources International Ltd.
Tower Lake

Golden Rule Resources Ltd.
Saskatchewan Mining Development
Corporation (SMDC)

Weedy Lake

Granges Exploration Ltd.
Saskatchewan Mining Development
Corporation

Bigstone lLake

Placer Development Limited
Claude Resources Inc.
Seabee (Laonil Lake)

Placer Development Limited
Waddy Lake Resources Inc.
Komlis

Royex Gold Mining Corporation
Canadian Premium Resource Corporation
Mahagany Minerals Resources Inc.

Jolu

Saskatchewan Mining Development
Corporat ion
Claude Resources Inc.

Jojay

Vista Mines Inc.
Bootleg mine

BRITISH COLUMBIA

Afton Operating Corporation

Cominco Ltd.

Imperial Metals Corporation
Ajax

N

e

E2S

ER

[23

-

tonnes!

360

998

596
270
337

000

179

834

288

166

000

800

000

080
600
400

000

300

600

500

800

000

&%

0.5¢

2%

3%

a/t

o/t

3.4

4.46

20.9

10.3
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Candorado Mines Ltd.
Hedley - tailings

Consolidated Cinola Mines Ltd.

(now City Resources (Canada) Limited)

Graham Island

Curragh Resources Corporation
Hudson's Bay 0il and Gas Company
Limited (HBOG)

Cirque

Corporation Falconbridge Copper
Pacific Cassiar Limited
Chu Chua

Corporation Falconbridge Copper
Rea Gold Corporation
Adams Lake

Dolly Varden Minerals Inc.
North Star, Torbrit and Wolf

Energex Minerals Ltd.
Toodoggone

Esso Minerals Canada
Sumac Mines Ltd.
Kutcho Creek

Invermay Resources Inc.
Ruth Vermont mine

Mascot Gold Mines Limited
Nickel Plate -~ open-pit
~ underground

Mascot Gold Mines Limited

Bralorne Resources Limited

E & B Explorations Ltd.
Bralorne-Pioneer mines

Mascot Gold Mines Limited
Golden North Resource Corporation
Canty et al.

McAdam Resources Inc.
Muscocho Explorations Limited
Spud Valley mine (Zeballos)

Newhawk Gold Mines Ltd.

Lacana Mining Corporation

Granduc Mines, Limited
Sulphurets

*E

%

w2

**

*x

6 350

21 700

242

775

239

272

6 441
385

941

997

389

1 437

000

300

000

000

870

000

500

000

200

000
250

200

900

200

2.0

5.4

0.458 1.41

- 3.43
57.0 -

9.0 0.5
72.0 6.5
316.11 -

- 8.51
27.7 0.38
40.0 -

- 5.1

- 5.5

- 9.3

- 4.5

- 8.6

783.6 11.52

uonesojdx3 pue juswdolaraq
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COMPANY AND DEPOSIT

RATING

TONNAGE Cu Ni . Ph

BRITISH COLUMBIA (cont'd)

New Privateer Mine Linited
Zeballos mine (Privateer)

Northair Mines Ltd.

BP Canada Inc.

Rio Algom Limited
Willa

North American Metals Corp.
Chevron Minerals Ltd.
Golden Bear

Regional Resources Ltd.
Canamax Resources Inc.

Procan Exploration Company Limited

Midway

Serem Inc.
Agnico-tagle Mines Limited

Sudbury Contact Mines, Limited

Lawyers

Teck Corporation
Pacific Cassiar Limited
Porter-Idaho and Prosperity

Teeshin Resources Ltd.
Canadian-United Minerals Inc.
Dome Mountain

Trader Resource Corp.
Tel

Westmin Resources Limited

British Silbak Premier Mines Limited

Silbak Premier - open-pit

- underground

Westmin Resources Limited

Tournigan Mining Explorations Ltd.

Big Missouri

YUKON TERRITORY

Abermin Corporation
Cassiar Mining Corporation
Jason

%

%

Xk x

%

%

tonnes 3 % %

447 200 - - -

495 800 0.87 - -

940 800 - - -

217 7090 - - -

293 870 - - -

776 059 - - -
463 000 - - 1.13

w

9 800 000 - - 10.52

9.6

410.0

259.9

669.0

79.0

86.40

37.64

32.57

135.0

6.24

15.70

23.8

~
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Canamax Resources Inc.
Mt. Hundere % 1995

Canamax Resources Inc.
Pacific Trans-Ocean Resources Ltd.
Peel and Ridge - oxide ey 390

Chevron Minerals Ltd.
B8.Y.G. Natural Resaources Inc.
Mt. Nansen - Brown McDade zone - 725

Curragh Resources Corporation
by 21 000

NORTHWEST TERRITORIES

Canuc Resources Inc.
Coronat ion Gulf * 760

Discovery Mines Limited
Hydra Explorations Limited
Indin Lake (Johnsby) * 11 800

Giant Bay Resources Ltd.
Gordon Lake 100

Kidd Creek Mines Ltd.
Izok Lake * 11 023

Noranda Exploration Company,
Limited
Getty Resources Limited
Tundra (Courageous Lake) *x 635

Terra Mines Ltd.
Bullmoose * 146

Treminco Resources Ltd.
Goldrich Resources Inc.
Tom mine (Yellowknife) *xxl 14

800 - - 8.7

100 - - -

800 - - -

0ao - - 5.6

200 - - -

000 - - -
000 - - -

Qoo 2.8 - 1.4

300 - - -

000 - - -

13.77

72.0 -

- 17.49

69.0 7.89

85.03 -

70.3 -

1 One tonne = 1.1023113 short tons; 1 gram per tonne (g/t)
1986. Therefore not included in Tables 1 and 2.
n.a. Not available; - Nil; € Author's estimate.

= 0.02916668 troy ounces per short

ton. 2 Committed for production after January 1,

uoneso)dx3 pue juawdo|aaag
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MILLIONS OF 1985 DOLLARS

RATIO

Figure 1
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MILLIONS OF HECTARES MILLIONS OF 1985 DOLLARS

THOUSANDS OF METRES

Figure 2

Canadian Reserves,
Development and Exploration

MEASURES OF EXPLORATION
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Canadian Reserves of Selected Mineral
Commodities

(Data available in 1986)

J. ZWARTENDYK

Any assessment of future supply of a given
mineral commodity from Canadian mines re-
quires information on current working inven-
tories, i.e., on the amounts of ore known to
be present in operating mines and on addi-
tional known tonnages in deposits that are
close to being profitably mineable. The
tonnages that - in 1986 - were fairly well
delineated and judged to be mineable are
reported below as "reserves" (Figure 1).
The limits of what is included in reserves
are further specified in each case.

1986

(A) Copper 14 384 000 tl
Nickel 7 047 000 t
Lead 8 012 000 t
Zinc 23 747 000 t
Molybdenum 364 000 t
Silver 28 801 t
Gold 1 306 814 kg

The quantities of the metals listed above
are contained in ore recoverable from
current mines (including those "temporarily"
closed) and from deposits that had been
committed for production up to January 1,
1986.

These quantities represent proved and
probable tonnages; any additional "possible"
tonnages are not included.

1 Metric tonne (2 204.62

dupois) .

pounds avoir-

(B) Iron 1 400 million t

This is the quantity of iron contained in
known crude ore in producing mines?. Ore
in undeveloped deposits is not included.

(C) Asbestos 39.1 million t

This represents the fibre content (on
average, about 5.5 per cent) of 704 million t
of mineable ore reserves in producing mines.

(D) Potash 14 000 million t (KO
equivalent), correspond-
ing to 23 000 million t
KCl product (standard
fertilizer - exported pro-
duct)

This amount would be recoverable by
conventional mining (to a depth of about
1 100 m) from known potash deposits- At
least an additional 42 000 million t (KO
equivalent) would be recoverable from known
deposits by solution mining at depths beyond
1 100 m; this would represent 69 000 million
t of KCl product.

2 Estimate updated to 1986 from "MR 170, A
Summary View of Canadian Reserves and
Additional Resources of Iron Ore", Energy,
Mines and Resources Canada, 1977.

J. Zwartendyk is with the Mineral Policy Sector, Energy,

Mines and Resources Canada. Telephone:

(613) 995-9466.
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(E) Uranium

"Reasonably Assured”

Proven Probable
(Measured ) (Indicated)
(t U)
Recoverable from
mineable ore, at
uranium prices of:
$Cdn 100/kg U or less: 41 000 119 000
$100 to $150/kg U: - 72 000
The tonnages refer to uranium
recoverable from mineable ore”. Unless
otherwise specified, uranium 'reserves" in
Canada refer to the tonnages mineable at

uranium prices in the low range only.

3 September 1986,
Resources Canada.

Energy, Mines and

(F) Coal

~ Bituminous 3 087 million t (of which
2 030 million t could be
used for metallurgical
purposes)

-~ Subbituminous 918 million t

- Lignitic 2 263 million t

These represent tonnages that could be

profitably recovered as raw coal, given
current technology and economics, from
measured (proven) and indicated (probable)
coal in deposits that are legally open to
mining. For the purpose of making these
estimates, it was assumed that coal sales
would cover the costs of any required

infrastructure not already in place™.

4 CANMET Report 83-2 OE, "Coal Mining in
Canada: 1983", Energy, Mines and Resources
Canada, 1984.

THE FLOW FROM RESOURCES
TO RESERVES TO MINERAL SUPPLY

SUPPLY
FROM
MINES

5.2
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Aluminum

G. BOKOVAY

Western world aluminum consumption during
1986 was somewhat higher and inventories
were significantly lower than 1985 levels, but
prices remained relatively depressed.
Anticipated labour problems in the United
States aluminum industry contributed to some
strengthening of aluminum prices during the
first half of 1986, but serious supply
disruptions did not materialize.

The short-term outlook is for continued
price weakness, in view of an anticipated
increase in world aluminum production capa-
city and uncertainty whether the current
level of aluminum consumption, particularly
in the United States, will be sustained into
1987. In the medium~-term, aluminum will
face increasing competition from new
materials and will also be adversely affected
by product downsizing and more efficient
manufacturing techniques, but the Jlonger
term outlook for the industry remains
reasonably optimistic.

The overall cost position of the
industry has steadily improved in recent
years, in response to persistent market and
price weakness. Aluminum producers have
continued to implement cost cutting measures
and the industry has also benefitted from
lower  bauxite/alumina prices and more
recently from lower energy prices.

The reduction of oil prices has
contributed to lower aluminum smelting costs,
but it has unfortunately not produced the
positive stimulus to economic growth which
was anticipated for the major western
economies, and consequently for aluminum
demand. Moreover, continued low oil prices
may ultimately have a negative impact on
the demand for lightweight, energy saving
materials including aluminum. Lower oil
prices will also reduce the cost of plastics
which compete with aluminum in various
applications.

Continued price weakness has forced the
cancellation or postponement of a number of
new aluminum smelters in recent years
including several in Canada, but new smelter
projects in South America were announced in
1986. Assuming these proceed, it is antick
pated that a sustained recovery of aluminum
prices is still some years away. Moreover,
the addition of new low cost capacity will
continue to exert pressure on aluminum
producers to cut back on smelting operations
in certain high cost areas including Europe
and the United States.

CANADIAN ALUMINUM INDUSTRY

Three companies produce primary aluminum
in Canada: Alcan Smelters and Chemicals
Limited, a subsidiary of Alcan Aluminium
Limited; Canadian Reynolds Metals Company,
Limited, a subsidiary of Reynolds Metals
Company of the United States; and
Aluminerie de Bécancour Inc. (ABI), a joint
venture operation owned by  Aluminium
Pechiney of France, Alumax Inc. of the
United States and the Government of Quebec
through Société générale du financement du
Québec (SGF).

Alcan has smelters at Jonquiére, Grande
Baie, Isle Maligne and Shawinigan, Quebec,
and at Kitimat, in British Columbia, with a
combined capacity of 1 075 000 tpy.
Canadian Reynolds operates one smelter at
Baie Comeau with a capacity of 272 000 tpy.
ABl's new smelter at Bécancour, Quebec has
a designed capacity of 230 000 tpy.

At the end of 1986, all Canadian
smelters were operating at capacity, with the
exception of Alcan's Arvida works in
Jonquiére, where approximately 88 per cent
of the plant's 432 000 t capacity was being
utilized, and ABI's facility in Bécancour
where start-up  of the plant's  second
115 000 tpy potline is well under way. This

G. Bokovay is with the Mineral Policy Sector, Energy,

Mines and Resources Canada.

Telephone (613) 995-9466. 6.1



smelter was operating at a rate of about
200 000 tpy at year end, with full capacity
operations expected by the end of February
1987.

Alcan is the only domestic producer of
alumina, the principal raw material for alu-
minum metal production. The company's
refinery, which is located at Jonquiére,
Quebec, has a capacity of approximately
1.2 million tpy of metallurgical and com-
mercial grade alumina. At present, bauxite
requirements for this facility are imported
principally from Brazil, Guinea, Guyana and
Sierra  Leone. Alumina  production at
Jonquiére, which totalled 930 000 t in 1985,
is consumed at Alcan's reduction facilities in
Quebec, supplemented with alumina from
Jamaica. The company's Kitimat plant is
supplied with alumina from Australia and
Japan.

Alumina for the Canadian Reynolds
smelter in Baie Comeau is imported from the
United States, West Germany and Jamaica,
while the new smelter of Aluminerie de
Bécancour is supplied from Australia.

Canadian production of primary
aluminum products increased during 1986 to
1.36 million t from 1.28 million t in 1985.
Canadian exports of primary smelter pro-
ducts increased to 851 589 t during the first
nine months of 1986 from 785 825 t for the
same period in 1985. This was primarily due
to a substantial increase in exports to the
United States. For the nine month period
ending September 30, 1986, exports to the
United States totalled 650 942 t compared to
513 977 t for the same period in 1985. Mean-
while, shipments to the Asian market
decreased from 217 413 t in 1985 to
133 041 t in 1986.

Despite continuing low aluminum prices,
Alcan Aluminium Limited reported a consoli-
dated net income of $US 244 million for the
year ending December 31, 1986, compared
with a loss of $180 million for 1985. Alcan
attributed these results to its cost reduction
program, an improved product mix and
higher average prices, particularly for ingot
products.

Alcan intends to increase capital
spending in 1987 to $US 450 million from
$350 million in 1986, but it has no plans to
re-activate its Laterridre smelter project in
Quebec, which was put on hold in 1985 due
to depressed market conditions. On the
other hand, Alcan continued its strategy,
first announced in 1985, to restructure its
aluminum operations with more emphasis on

6.2

higher valued, fabricated and semi-fabricated
products. In addition, the company intends
to pursue investments in new businesses that
are technology related. As part of this
strategy, Alcan disposed of several opera-
tions during 1986. This included the sale of
five aluminum extrusion plants in Europe, its
holdings in the Netherlands-based Hunter
Douglas NV, its subsidiaries in Nigeria and
its stake in Hulett Aluminium Ltd. of South
Africa. One of the few additions during
1986 was the takeover by Alcan Alluminio
SpA Italia of the sheet division of Trafilerie
e Laminatoi di Milano. The purchase was
scheduled to become effective on January 1,
1987.

Within Canada, Alcan's subsidiary,
Aluminum Company of Canada, Limited
(Alcan) completed a $US 17 million aluminum
cable and wire plant at Shawinigan, Quebec,
in August. The plant has a capacity of
approximately 15 000 tpy. At the end of
1986, Alcan announced plans to sell its 20.5
per cent interest in Haley Industries
Limited, a manufacturer of specialty castings
for the aerospace industry, and to redeploy
the proceeds to other business
opportunities. On January 15, 1987, Alcan
announced that it will discontinue the
production of aluminum converter foil and
aluminum plate at its Kingston, Ontario,
fabricating facility. The cutback was
expected to affect 355 employees.

Elsewhere in Canada, workers at the
aluminum  smelter of Canadian Reynolds
Metals Company, Limited at Baie Comeau,
Quebec, went on strike on March 4 after an
impasse developed during contract
negotiations. During the strike, which
lasted until the end of March, management
personnel operated the smelter at
approximately 50 per cent of capacity.

The new 230 000 tpy smelter  of
Aluminerie de Bécancour Inc., was officially
opened in September 1986, although full pro-
duction will not be attained until the end of
February 1987. Earlier in the year,
Aluminium Pechiney of France, which owns
50.1 per cent of the facility, agreed in
principle to sell half its interest to Reynolds
Metals Company. According to press
reports, Pechiney would continue to act as
managing partner of the operation. Pechiney
said that this sale was based on a desire to
achieve greater flexibility, additional
investment in fabricated and semifabricated
products being mentioned as possible alter-
natives. At vyear end, negotiations were
reportedly still under way between Pechiney
and Reynolds.



Swiss Aluminium Ltd. (Alusuisse)
completed a feasibility study during 1986 for
a new 230 000 tpy aluminum smelter in
Quebec, but no announcement was made by
year end on whether the company will
proceed with the project.

WORLD DEVELOPMENTS

Non-socialist world consumption of primary
aluminum in 1986 is believed to have been
marginally higher than the 12.68 million t
recorded in 1985. Preliminary data indicate
that primary aluminum production in 1986
was about 12.1 million t compared to 12.26
million t in 1985.

Despite the continuing reduction of
smelter capacity in the United States and
Japan, overall western world aluminum capa-
city increased by approximately 200 000 t
during 1986 due to the start-up of new
facilities and technical improvements to
existing smelters.

According to a press report based on a
study by Anthony Bird and Associates, the
average cost of production, including capital
charges, fell from 63 cents per pound
(U.S.) in 1985 to 62 cents in 1986. Exclud-
ing capital charges the average operating
cost was 46 cents per pound compared to 48
cents in 1985. Average 1986 operating costs
were 38 cents (U.S.), in Australia, 39 cents
in Canada, 42 cents in Brasil, 50 cents in
France and 52 cents in the United States.
The most significant change from 1985 was
the dramatic decline of smelting costs in the
United States. A similar report published a
year earlier put average United States
smelting costs at 57 cents per pound.

Aside from the benefit of concessions
gained during the recent round of labour
negotiations, the principal reason for the
improvement of United States aluminum
smelting costs has been the significant
reduction of electric power costs, particu-
larly in the Pacific Northwest. In August,
the Bonneville Power Administration intro-
duced a new variable power rate tied to the
price of aluminum ingot. At a U.S. trans-
action price of 53 cents per pound or less,
electric power rates under this plan are set
at 15 mills per kwh. Bonneville Power's
standard industrial rate is 22.8 mills per
kwh.

With the expiration of labour agreements
affecting a large share of United States
aluminum smelting capacity, contract
negotiations in that country attracted

Aluminum

significant attention during 1986. Given the
uncompromising attitude of unions to unre-
ciprocated concessions and the uncompetitive
nature of the U.S. aluminum industry in
general, significant labour difficulties seemed
inevitable. Not unexpectedly, strikes which
began with the Aluminum Company of
America (Alcoa) on June 1 spread during the
summer to include Alcan Aluminium Corpora-
tion, Ormet Corp., Alumax Inc., Common-
wealth Aluminum Corp. and Noranda
Aluminum Inc.

In the event, although certain contract
disputes dragged on until late in the vyear,
the overall effect on the U.S. industry was
minimal. Some output was lost but manage-
ment personel were used to keep most plants
operating at reduced capacity. Furthermore,
labour problems at Alcoa, the largest U.S.
producer, were settled at the beginning of
July.

Despite the hard-line stance of the
unions, the new labour agreements in
general provide for significant concessions
by the aluminum workers. The new three-
year agreements between the United Steel
Workers and Alcoa and Reynolds involve cuts
of 95 cents in total worker compensation,
which stood at $24 per hour under the terms
of the old labour pact. Meanwhile, workers
at  Commonwealth  Aluminum's Goldendale,
Washington smelter accepted a $1.25 per
hour cut in wages and a 48 cent per hour
cut in  a cost of living adjustment.
Employees at Noranda Aluminum's smelter in
Missouri accepted a 14 per cent reduction in
wages and benefits and those at Alcan
Aluminium Corporation's smelter at Sebree,
Kentucky agreed to a wage and benefit cut
amounting to $4.60 per hour.

In line with an announcement made by
Alcoa in 1985, the company implemented per-
manent production cutbacks during 1986
amounting to 350 000 tpy of smelting capa-
city. This included the permanent closure of
its Anderson County, Texas and Vancouver,
Washington smelters as well as the reduction
of some capacity at Rockdale, Texas and
Massena, New York. The Vancouver,
Washington smelter, which was closed in
early-June, did not reopen during the rest
of 1986 but it could reopen in 1987 if
negotiations for the sale of the facility to
Vanaleco Inc., a subsidiary of Bay Resource
Corp., can be successfuly concluded.

In  August, Consolidated  Aluminium

Corp., the U.S. subsidiary of Alusuisse,
announced that it was closing its New

6.3



Johnsonville, Tennessee smelter at the end
of 1986. In September, Ormet Corp., which
was owned 66 per cent by Consolidated and
34 per cent by Revere Copper & Brass
Incorporated, was sold to the investor
group, Ohio River Assoc. Inc. The new
operators will continue to supply aluminum to
the original owners for the next few years
but the smelter will eventually become a toll
conversion facility for Clarendon Ltd., Marc
Rich's U.S. associate. During 1986,
Clarendon also signed tolling agreements with
Alumax Inc. for output from that company's
Mount Holly, South Carolina smelter and also
for aluminum from the smelter at Dalles,
Oregon, formerly operated by Martin Marietta
Aluminium Inc. The smelter at Dalles, which
has been idle since December 1984, was
transferred to Northwest Aluminum Inc. in
September under a lease-purchase agree-
ment. The startup of one of the plant's two
40 500 tpy potlines was completed in early-
December but there have been no announce-
ments regarding the second potline.

In late-November, Comalco Limited of
Australia announced that its Goldendale,
Washington smelter, operated by Common-
wealth Aluminum Corp., would be closed at
the end of 1986. Although, the closure was
delayed to permit evaluation of several
potential offers for the plant, it was finally
closed in February 1987.

Meanwhile, prospects for continued
operation of the Columbia Falls, Montana
smelter, which was sold by ARCO Aluminum
Co. to Montana Aluminum Investors Corp. in
1985, improved during 1986 with the signing
of tolling agreements with the Swiss-based
trading arm of Norsk Hydro AS and also
with The Broken Hill Proprietary Company
Limited (B.H.P.) of Australia.

In November 1986, Mitsui and Co. USA
Inc. and Nippon Steel USA Inc. agreed to
relinquish their 50 per cent interest in
Alumax Inc. to AMAX Inc. of the United
States, the other principal shareholder of
the company. The change in ownership,
which was made at the request of AMAX,
was in response to changes in the United
States federal income tax legislation which
become effective in 1988,

After several years of rapid growth,
the Brasilian aluminum industry encountered
several obstacles during 1986 which threaten
to slow the pace of future development.
Beginning in March, electric power rate
increases, threatened power shortages and a
policy debate on energy subsidization for the
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aluminum industry, have dampened expecta-
tions for significant future expansion. In
addition, at the end of 1986, the Japanese
consortium Nippon Amazon Aluminum Co.
(NAAC) announced that it would not proceed
with further investment in the 800 000 tpy
(Alunorte) alumina refinery in the northern
part of the country. However, the project's
Brasilian partner, Companhia Vale do Rio
Doce (CVRD), has stated that it intends to
look for new equity investment. Alunorte
was originally scheduled for completion in
1988.

Both NAAC and CVRD are also involved
in the Albras aluminum smelter project. The
first phase of this development, representing
160 000 tpy capacity, was scheduled for
completion in January 1987. While Nippon
Amazon has stated that it remains committed
to the second phase of the Albras project,
financing arrangements have still to be
negotiated.

Elsewhere in Brasil, the second potline
of the new 245 000 tpy Alumar aluminum
smelter project was commissioned during
1986. Alcoa and Billiton Metais SA, a sub-
sidiary of Shell Brasil SA, the joint owners
of the facility, were reported to be con-
sidering the addition of a third potline,
although no firm decision has yet been made.

In Venezuela, several new aluminum
projects were announced in 1986, which are
expected to almost double that country's
aluminum output by 1990. Aluminio del
Caroni SA (Alcasa), one of two Venezuelan
primary metal producers, is proceeding with
an 84 000 tpy expansion to its existing
120 000 tpy smelter at Puerto Ordaz. The
project is expected to be completed in mid-
1988. The company is also considering the
construction of a new 180 000 tpy smelter
for completion in 1990. Also during 1986,
Alcasa announced plans for a major expan-
sion of existing rolling capacity as well as a
new coke calcination facility.

As part of a strategy to secure
long-term markets for its aluminum output,
Alcasa entered into an agreement with
Reynolds Metals whereby the former acquired
a 50 per cent interest in Reynolds Aluminium
Europe S.A. (Aleurope). It is expected that
Alcasa will supply 12 000 tpy of aluminum

foil and 16 000 tpy of |billets to the
European fabricator.

The other Venezuelan producer,
Industria Venezolana de  Aluminio SCA

(Venalum), is proceeding with a 143 000 tpy



expansion of its smelting capacity which will
increase output to 423 000 tpy. During
1986, it was also reported that the
Venezuelan wire producer, Suramericana de
Aleaciones Laminados (SURAL), was planning
to build a 115 000 tpy smelter in a joint
venture with Austria Metall A.G. It is
expected that this plant will come on-stream
in 1989.

Although Venezuela currently imports
its bauxite requirements, this will change
once the new $462 million Bauxiven mine at
Los Pijiguaos in Bolivar state comes on-
stream in 1987. The mine is to be completed
in 1988 at which time annual output will
reach 2.75 million t. To cope with increased
aluminum output, the state-owned alumina
producer Interamericana de Alumina CA
(Interalumina) is increasing its capacity from
1.1 million tpy to 1.5 million tpy and
eventually to 2.5 million tpy.

Elsewhere in  South  America, the
Surinam Aluminum Company (Suralco), a
subsidiary of Alcoa, suspended mining opera-
tions at its Moengo bauxite mine in November
1986 following a guerilla attack. While the
company began to import bauxite in January
1987 to feed its Paranam alumina refinery,
the destruction of electrical transmission
lines by the guerillas at the end of the
month forced Suralco to suspend refining
and smelting operations.

In Jamaica, the government and Kaiser
Aluminum & Chemical Corporation entered
into discussions on reopening the Alpart
alumina refinery. That facility, which is
jointly owned by Kaiser and Reynolds Metals,
was closed in 1985 due to depressed market
conditions. Meanwhile, the Jamaican govern-
ment continued to operate the Clarendon
alumina refinery during 1986. The plant,
which is owned by Alcoa, was reopened by
the government in July 1985 after Alcoa
closed the facility in February of that year.

In Australia, the first 150 000 tpy
potline of the new Portland aluminum smelter
was scheduled to be fully operational by
January 1987. The smelter is owned by
Alcoa of Australia Ltd., the Victoria govern-
ment body Aluvic and the China International
Trust Investment Corp. During 1986, the
Western Australia government stated that it
had no plans to revive the so-called Western
Australia aluminum smelter project, which
was abandoned in 1985.

After lengthy negotiations with the
United States and the threat of retaliatory
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trade action by that country, Japan agreed
to reduce its tariffs on aluminum imports
from 9 to 5 per cent on aluminum ingot, and
from 9.2 to 6.1 per cent on aluminum plate,
sheet and strip. Additional reductions will
be implemented, on January 1, 1988, lower-
ing tariffs to 1 and 3 per cent, respectively.

With high operating costs and the
dramatic appreciation of the Yen, the
Japanese primary aluminum industry virtually
disappeared in 1986. Following the cessation
of smelting operatings by Showa Light Metal
Company Ltd. in February, Sumitomo

Aluminium Smelting Co., Ltd. closed its
Toyama plant at the end of October. In
late-1986, Mitsubishi Chemical Industries
Ltd. announced that it would close its
51 000 tpy Sakaide smelter, which is
operated by its subsidiary Ryoka Light
Metals Company. Meanwhile, Mitsui
Aluminium  Company Ltd. confirmed in

December that it would cease production at
its 125 000 tpy Miike aluminum smelter.
Both closures are scheduled to take effect in
March 1987. Nippon Light Metal Co. Ltd.'s
64 000 tpy Kambara smelter will be the only
primary reduction facility left in Japan.
However, with drought conditions affecting
the company's hydro-electric generating
capacity, the company was scheduled to
reduce output to a rate of 35 000 tpy begin-
ning in December. Japanese smelting capa-
city in the late-1970s was approximately
1.6 million tpy.

In addition to cutbacks in Japanese
smelting  capacity, Nippon  Light Metal
announced in July that it was closing its
360 000 tpy Tomakomai alumina plant at the
end of the year.

In the People's Republic of China, the
1986-90 five year plan includes six new
aluminum smelter projects and expansions at
several existing facilities. Assuming all
projects proceed, primary aluminum smelting
capacity will increase from 400 000 tpy to
over 800 000 tpy by 1990 and eventually to
1 200 000 tpy. Specific projects include the
200 000 tpy  Weinan  smelter in  Shanxi
province, a 100 000 tpy plant at Pingguo in
the Guangxi Zhuang autonomous region and
another 100 000 tpy facility at Xining Shi in
Quinghai province. During 1986, it was
reported that Showa Light Metal Company
Ltd. of Japan would ship its mothballed
Chiba smelter to China beginning in March
1986. The plant will be reassembled at
Baijin, near Lanchous in the central north-
west part of the country.
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In February 1986, Aluminium Pechiney
signed a contract to provide technical
assistance for part of a new 660 000 tpy
alumina plant at Hejin in Shanxi province.
This plant is scheduled for completion in
1990.

In July, it was announced that Alcan
Nikkei China Ltd., owned by Alcan and the
Alcan affiliate Nippon Light Metal Co., had
entered into a joint venture with China
National Nonferrous Industry Shenzhen
Associated Corporation to  establish an
integrated aluminum extrusion and manufac
turing plant in the Shenzhen  special
economic zone. Cost of the plant is esti-
mated at $US 20 million.

In India, Hindustan Aluminium Corp.
Ltd. (Hindalco) announced during 1986 that
it was proceeding with a smelter
modernization project in collaboration with
Kaiser Aluminum & Chemical Corporation.
The program will increase capacity by
30 000 tpy. Hindalco's new alumina plant is
to be commissioned in mid-1986.

Also in India, National Aluminium
Co. Ltd. (Nalco) was scheduled to complete
the first phase of its new 800 000 tpy
alumina refinery in Orissa State in September
1986 with the first potline of the new
218 000 tpy aluminum smelter expected to
begin production at the end of the year.
The project also includes a 2.4 million tpy
bauxite mine.

In Bahrain, the government approved
modernization plans for the country's Alba
smelter whereby capacity will be increased to
200 000 tpy by 1989. Also during 1986, a
new 40 000 tpy rolling mill was inaugu-

rated. The mill, which is located near the
Alba smelter, was financed by Bahrain,
Saudi Arabia, Kuwait, Iraq, Oman and
Qatar. It was reported that a new

240 000 tpy smelter will be built in the
United Arab Emirates using Alcoa technol-
ogy. The People's Republic of China,
Southwire Co. of the United States and
Japan's Furakawa Co. Ltd. have been
mentioned as possible buyers for the output
from this facility. Construction  was
scheduled to begin in January 1987. [t was
also reported during 1986 that Saudi Arabia
is reconsidering plans for a new 200 000 tpy
smelter in that country. Similar plans were
apparently shelved in 1985.

In Norway, a merger between Norsk

Hydro AS and Ardal Og Sunndal Verk A.S.
ASV of Norway was completed’ in September
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1986. Production at Mosal Aluminium Elkem
a/s & Co. Mosjoen smelter was expected to
increase from 90 000 tpy to 115 000 tpy by
1989 as a result of a modernization program.

As a result of mounting losses,
Alusuisse announced during 1986 its inten~
tion to close some of its European smelting
capacity and to concentrate on more profit-
able downstream operations. To date, the
company has announced that it will close
50 per cent of the capacity at its 24 000 tpy
smelter at Chippis, Switzerland as well as a
24 000 tpy smelter at Reinfelden in West
Germany. In addition, Alusuisse sold a
24.8 per cent interest in the Norwegian
producer, Sor—Norge Aluminium A/S, to
Norsk Hydro and was considering the sale of
its Nigerian holdings and 50 per cent
interest in the 60 000 tpy smelter at Sava
Aluminio Veneto S.p.A. in Italy.

Hoogovens Groep BV, a subsidiary of
Koninklijke  Nederlandsche Hoogovens en
Staalfabrieken NV, was reported early in
1987 to be negotiating with Kaiser Aluminum
& Chemical Corporation for the purchase of
Kaiser Aluminium Europe Incorporated. If
concluded, the deal would include an
aluminum smelter at Voerde in West Germany
as well as fabricating facilities in Germany,
Belgium and Switzerland.

Also in West Germany, Alcan announced
plans to reduce output at its 44 000 tpy
Ludwigshafen smelter by 50 per cent.
Aluminium Norf OCmbH (Alunorf) which is
jointly owned by Alcan and Vereinigte
Aluminium-Werke AG (VAW), expects to
commission a new 170 000 tpy cold mill in
West Germany by April 1987. The mill will
have a capability to produce a product up to
2.12 meters in width.

In France, Aluminium Pechiney will
phase out its 115 000 tpy Noguéres and its
25 000 tpy Riouperoux smelters over a five
year period beginning in 1987. Pechiney's
new potline at St. Jean de Maurienne smelter
was  fully operational by the end of
October. The expansion and modernization
of the plant increased capacity by
40 000 tpy to 120 000 tpy. Pechiney also
intends to rationalize its French raw
materials operations with the closure of its
360 000 tpy alumina refinery at La Barrase
and cessation of bauxite mining in Peygros
in 1987.

After years of negotiation, it is
expected that the new 600 000 tpy alumina
refinery near Delphi in Greece will finally



proceed. Under an agreement between the
U.S5.8.R. and Greece, the former will take
an equity position in the $US 550 million
refinery and will take its total output.

USES

Aluminum's low density, high strength and
corrosion resistance make it suitable for use
in alloyed and unalloyed forms in a wide
variety of products. In the building and
construction  industry, major uses for
aluminum include residential siding; window
and door frames; screens; awnings and
canopes. In the transportation sector,
aluminum is widely used in the manufacture
of buses, trucks, trailers and semi-trailers
and is the principal metal in aircraft. In
this regard, new aluminum-lithium alloys
promise to deliver significant weight savings
over traditional aircraft alloys. However,
the high price of such alloys, which are
currently as much as three times the price
of conventional aircraft alloys, prohibits
their widespread application at this time.
Aluminum is also being increasingly used in
passenger cars as manufacturers move to
reduce the weight of their vehicles.

General Motors decided to curtail
development of its aluminum-intensive series
3200 high-performance V-6 engine, but
Chrysler is using aluminum to a large extent
in the new V-6 gasoline engines for its
compact vans. However, General Motors will
produce a new one-piece aluminum driveshaft
for its 1988 light truck line. During 1986,
Alcoa announced that it is developing an
aluminum space frame for automobiles which
it hopes could be in commercial production in
the 1990s. The frame would weigh approxi-
mately 400 pounds compared to 660 pounds if
made from steel. The new frame would
reduce the number of separate body parts to
about 75 from approximately 400 in unitized
bodies.

In the electrical field, aluminum
extensively replaced copper in wiring and
power transmission in the 1960s but, while it
has maintained the market for power trans-
mission applications, local restrictions and
consumer resistance have substantially
lessened the demand for aluminum in electri-
cal wiring. Aluminum has however gained
acceptance in various communications and
computer applications.

During 1986, Alcoa announced the
development of a new coating process using
electrophoresis that it hopes will enable
aluminum to penetrate into the large food can
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industry. Until now, only shallow aluminum
food cans have been commercially viable
because of limitations in coating technology.
As a first stage in market development,
Alcoa entered into a joint venture with
Central States Can Co. to manufacture and
promote the commercial use of aluminum food
cans. Central Can will build a new aluminum
can plant using Alcoa technology that should
be completed in 1988. Output per line will
be about 900 cans per minute compared to
400 to 500 for a typical steel food can
production circuit. The potential market for
aluminum food cans is estimated by Aloca at
1 billion pounds annually.

Another application for aluminum is the
new aluminum air cell which produces
electricity from the oxidation of aluminum
metal. While this battery is still in
development, it promises to deliver more
energy than conventional batteries.

PRICES AND STOCKS

Aluminum  prices on the London Metal
Exchange rose in late-1985 and during the
first half of 1986, but there was no discern-
able trend thereafter. Nevertheless, there
was a significant improvement over 1985 with
the average cash settlement price reaching
52 cents (U.S.) per pound compared to 47.9
cents in the previous year.

With the threat of a prolonged strike in
the United States, LME prices did strengthen
through the first half of 1986. However,
since U.S. labour problems had only a
minimal effect on aluminum supplies and also
their timing corresponded with the normal
summer slowdown of consumption, prices
were  significantly lower in July and
August. Prices rebounded in September,
reflecting considerable tightness in the
aluminum market, but then weakened through
the final quarter of the year.

In an effort to increase the
attractiveness of the London Metal Exchange
for consumers and producers, that institu-
tion established a special subcommittee in
September to examine among other things,
the establishment of a new U.S. dollar con-
tract for 99.7 per cent metal, the most com-
monly traded form of aluminum. Additional
delivery points outside Europe will also be
considered. The current LME contract for
99.5 per cent material has been criticized for
some time as being unrepresentative in terms
of metal quality, volume of aluminum traded
and the medium of exchange. In particular,
the lack of adequate stocks in relation to
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increasing options business, has been blamed
for the recent wvolatility of aluminum spot
prices.

The International Primary Aluminum
Institute reported that total inventories of
aluminum (including scrap, primary and
secondary ingot, metal in process and
finished mill products) in December 1986
stood at 3.589 million t compared to 3.966
million t in December 1985. Meanwhile,
primary metal stocks also declined over the
same period from 2.188 million t to 1.884
million t.

During 1986, spot alumina  prices
strengthened significantly with transactions
in the second half of the year reported in
the $US 130 to $140 per t range. During
1985, alumina spot prices were reported to
be below $100 per t.

At the end of November, the Inter-
national Bauxite Association (IBA) annocunced
a new pricing system for bauxite and alumina
to be based on an IBA composite reference
price for aluminum ingot. This reference
will be based on the LME, transaction prices
in various markets, list prices and regional
market shares. According to the IBA, the
minimum recommended CIF price for base
grade metallurgical bauxite will be 2.5 to 3.5
per cent of new reference price while the
CIF price for alumina will be between 14 and
18 per cent of the same reference price.

OUTLOOK

Aside from a possible market breakthrough
in food cans, there are few if any totally
new frontiers that offer potential for a
dramatic increase in aluminum consumption.
Nevertheless, it is expected that increased
consumption in traditional markets will
provide aluminum with a better than average
growth rate in the metals industry. In this
regard, aluminum demand is forecast to
increase at an average annual rate of
between 1.5 and 2.0 per cent in the next
decade.

Despite the introduction in recent years
of a wvariety of substitutes, recent break-
throughs in the development of advanced
aluminum based alloys/materials and more
efficient fabricating techniques, will allow
the aluminum industry to hold its own in an
intensely competitive environment.

The most promising area for future

aluminum growth is the transportation goods
sector. While the list of possible
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new or expanded applications for aluminum in
this area is extensive, the most important
are expected to be railway cars, dump
trucks and automobiles. For example, it is
suggested that the unit content of aluminum
in 1987 model North American automobiles will
increase to between 145 and 150 pounds from
139 pounds in 1986.

The packaging sector still offers some
growth potential in the United States,
particularly for aluminum beverage cans, but
is constrained by a higher rate of recycling
and thinner walled products. The
Aluminium Association Incorporated of the
United States has reported that a record
33.1  billion aluminum cans representing
567 000 t were recycled during 1985.

Given the expected increase in
production and limited real growth in con-
sumption in the short-term, it is expected
thut the average price of aluminum will not
exceed 60.0 cents (1986 constant U.S. cents)
per pound during 1987, assuming no further
deterioration in the value of the U.S.
dollar. Despite the relatively optimistic
outlook for consumption in the longer term,
the addition of significant new, low-cost
capacity will continue to exert downward
pressure on aluminum prices. Therefore, it
is expected that aluminum will trade in the
range of 52.50 to 57.50 cents (1986 constant
cents) in the next decade.

The geographical distribution of the
primary aluminum industry has undergone
profound changes in the past decade, as
evidenced by the near disappearance of
Japanese aluminum smelters and the signifi-
cant cutback of capacity in the United
States, and significant restructuring will
continue. Despite the appreciation of certain
European currencies and relatively high
power costs in that region, it is expected
that the majority of smelter closures in the
next few years will continue to be in the
United States.

With continuing low metal prices and
uncertainty about sustained recovery in the
near future, it is unlikely that new aluminum
smelter capacity will be built in Canada for
some time. A possible exception is Alcan's
proposed smelter at Laterriére, Quebec,
where established infrastructure and the
need to replace inefficient older capacity may
provide sufficient reason to proceed in the
near future. Nevertheless, the Canadian
industry is one of the lowest cost producers
and Canada will continue to be a major play-
er in the international aluminum industry.
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TARIFFS
Most
British Favoured General

Item No. Preferential Nation General Preferential
CANADA
32910-1 Bauxite free free free free
35301-1 Aluminum pigs, ingots, blocks,

notch bars, slabs, billets,

blooms and wire bars, per

pound free .1¢ 5¢ free
35302-1 Aluminum bars, rods, plates,

sheets, strips, circles,

squares, discs and rectangles free 2.1 9 free
35303-1 Aluminum channels, beams,

tees and other rolled, drawn

or extruded sections and

shapes free 8.6 30 free
35305-1 Aluminum pipes and tubes free 8.6 30 free
92820-1 Aluminum oxide and hydroxide;

artificial corundum (this

tariff includes alumina) free free free free
MFN Reductions under GATT 1986 1987
(effective January 1 of year given)
35301-1 .d¢ free
35302-1 2.1 2.1
35303-1 8.6 8.0
35305-1 8.6 8.0
92820-1
UNITED STATES (MFN)
417.12 Aluminum compounds:

hydroxide and oxide (alumina) Remains free
601.06 Bauxite Remains free
618.01 Unwrought aluminum in coils, uniform

cross section not greater than

0.375 inch, per pound 2.7 2.6
618.02 Other unwrought aluminum,

excluding alloys, per pound 0.1¢ free
618.04  Aluminum silicon, per pound 2.2 2.1
618.06  Other aluminum alloys, per pound 0.1¢ free
618.10  Aluminum waste and scrap, per pound 2.0 2.0
Sources: Customs Tariff 1986, Revenue Canada, Customs & Excise; Tariff Schedules of the

United States Annotated (1986), USITC Publication 1775; U.S.

No. 241.

Federal

Register Vol. 44,
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TABLE 1. CANADA, ALUMINUM PRODUCTION AND TRADE, 1984-86
. e84_
(tonnes) ($000) (fonnes) $000) (tonnes) ($000)
Production 1 221 985 | 282 316 1 355 161 ..
loports (Jan.-Sept.)
Bauxite ore
Brazil 1511 220 59,826 1 401 962 58,304 632 917 23,974
Guyana 586 928 20,358 398 428 18,793 225 534 11,457
Guinea 154 105 9,172 105 398 9,438 196 831 9,881
United States 40 342 6.936 43 824 7,193 39 398 7,372
Sierra Leone [ 0 0 0 124 815 4,019
People's Republic of China 56 531 5.610 51 497 5.326 16 600 1,919
Australia 74 742 10,001 5t 724 6,662 8 501 1,026
Surinam 13 196 1,129 11 990 626 14 368 1,011
Greece 14 477 521 9 183 473 10 004 561
French Guyana o . Q 200 44 0 [
Total 27451 541 103,558 27078 206 106,859 1 268 968 61.221
Alumina
Jamaica 549 317 121,313 651 687 137,333 409 390 76.205
Australia 308 388 71.167 239 107 44 472 370 450 73,665
Japan 276 696 63.966 286 501 58,458 220 249 46,363
United States 56 288 20.814 71 990 21,456 175 462 41,138
West Germany 132 408 40,986 180 724 43,000 25 929 5,977
Venezuela 26 057 4,671 59 925 6,156 33 005 4,763
France 0 0 220 155 167 130
Netherlands 0 [ [ 0 36 29
United Kingdom 8 s 2 1 8 4
U.S. Virgin Islands 0 0 25 038 6, 329 [ [
People's Republic of China 51 21 0 0 0 0
Ireland [ [ 28 813 5,309 0 [
Total T 349 213 322,932 17544 077 322,676 1 233 196 288,215
Aluminum and aluminum alloy scrap 61 761 63.345 53 376 47,489 55 316 48,576
Aluminum paste and aluminum powder 1 846 7.390 1 318 6,481 1231 5,906
Pigs, ingots, shot, slabs, billets,
blooms and extruded wire bars 44 566 86,996 59 762 109,886 50 917 95,706
Castings 989 13,142 1294 16,210 1 040 10,568
Forgings 806 13,831 913 17,104 450 11,148
Bars and rods, nes 6 441 19,906 7015 20,761 5 886 17,166
Plates 9 613 33,829 9 556 32,863 9 835 33,689
Shect and strip up to .025 inch thick 17 973 59,768 24 729 76,325 25 913 73,547
Sheet and strip over .025 inch up to
.051 inch thick 14 071 50,789 15 612 54.835 11 848 42,530
Sheet and strip over -051 inch up to
.125 inch thick 90 327 227,671 73 313 153,347 41 889 100,681
Sheet over .125 inch thick 38 058 103,207 33 438 77,179 26 129 67.806
Foil or leaf 806 3,414 999 3,736 1 405 4,946
Converted aluminum foil .. 15.122 .. 15,968 - 11,019
Structural shapes 2 914 12,658 4 169 18,666 4126 17,602
Pipe and tubing 1 559 7.575 2 61t 11,362 2 132 11,515
Wire and cable, not insulated 1 576 5.606 1765 5,785 2 030 6,334
Aluminum and aluminum alloy
fabricated materials. nes . 68,847 . 89,956 . 78,283
Exparts
Pigs, ingots, shot slabs, ctc.
United States 611 940 1.167,382 683 306 1,088,416 650 944 1,183,136
Japan 110 898 181,967 142 210 199.099 70 808 103,860
Turkey [ 0 36 020 55,995 19 638 31,652
Korea. South 941 1.433 8 028 1,712 15 629 25,599
Hong Kong 9 584 16.501 21 289 33,423 14 210 24,623
Sweden 5 36 6 308 9,076 12 998 21,461
Taiwan 4 398 7,061 22 99t 35,378 2 338 20,701
People’s Republic of China 42 993 70,519 7 796 98,526 9 731 14,926
Other 52 872 104,351 62 981 104,689 45 300 78.920
Total 833 631  1.549,249 17050 789 1,636,915 851 596 1,504,878
Castings and forgings
Uhited States 8 054 65.054 8 820 74,775 8 578 71,397
Total R8T 76,182 97009 83,051 3 712 76,891
Bars, rods, plates, sheets and circles
United States _ .67 251 194,439 43 996 115,414 32 674 87.887
Total Tz 2l 208.692 55 070 138,078 38 556 99,866
Foit or Leaf
United States I 5,174 __1ls6lo 5,062 1 525 4.779
Total 1339 5,289 1642 5,214 T 610 5.129
Fabricated materials. nes
United States 11106 __ 39,990 9791 __ 36,770 7317 28,013
Total 18056 62,380 2712l 44,057 87598 33,165
Ores and concentrates
United States _ 46505 22,019 48 643 22,897 31 473 15.014
Total 507649 24,760 52 577 25,568 34 299 16,972
Scrap
United States __.97.820 129,565 ___ .97 688 111,770 73 432 95,426
Total 1057170 138,561 13277 129,821 §9 842 114,688

Statistics Canada:
P Preliminary; - Nil;

«+ Not available;

Energy, Mines and Resources Canada.
nes Not elsewhere specified.
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TABLE 2. CANADA, CONSUMPTION OF ALUMINUM METAL AT FIRST PROCESSING STAGE,

1983-85
1983 1984 1985p
(tonnes)
Castings
Sand 964 1 639 1 640
Permanent mould 12 490 12 832 16 180
Die and other 27 511 33 041 31 368
Total 40 965 47 512 49 188
Wrought products
Extrusions, including tubing 86 162 93 730 92 111
Sheet, plate, coil and foil 133 271 155 242 130 522
Other wrought products (including
rod, forgings and'slugs) 62 786 72 712 57 286
Total 282 219 321 684 279 919
Other uses
Destructive uses (deoxidizer),
non-aluminum base alloys, powder
and paste 9 2057 10 053 16 926
Total consumed 332 388r 379 249 346 033
Secondary aluminuml 67 992r 63 401 78 047
Metal entering plant On hand December 31
1983 1984 1985 1983 1984 1985
Primary aluminum ingot
and alloys 324 933 395 501 310 230 40 082r 28 675 30 131
Secondary aluminum 44 166 53 634 55 372 3 947 5 868 4 495
Scrap originating
outside plant 79 493 76 592 89 747 2 819 4 759 5 904
Total 448 592 525 727 455 349 46 848r 39 302 40 530
Aluminum shipments2 43 265 90 623 30 041

1 Aluminum metal used in the production of secondary aluminum is not
consumption totals. 2 Aluminum metal shipped without change. Does not refer
of goods of own manufacture.

Note: Revisions reflect changes to company specific data.

P Preliminary; ¥ Revised.

included in
to shipments



TABLE 3. CANADA, ALUMINUM SMELTER TABLE 4. AVERAGE 1986 PRICES
CAPACITY

Month LME U.Ss.
(as of December 31, 1986) Cash Market
(¢ U.S./pound)

Annual tonnes

Aluminum Company of Canada, January 50.77 55.25
Limited February 50.56 56.82
March 52.98 61.57

Quebec April 52.82 59.35
Grande Baie 171 000 May 52.81 57.77
Jonquiére 432 000 June 53.66 56.74
Isle-Maligne 73 000 July 50.94 54,13
Shawinigan 84 000 August 51.22 54.49
Beauharnois 47 000 September 54.70 55.41
October 52.71 53.57

British Columbia November 51.34 52.50
Kitimat 268 000 December 51.40 52.56
Total Alcan capacity 1 075 000 1986 Average 52.18 55.87
1985 Average 47.85 48.81

Canadian Reynolds Metals
Company, Limited

Source: Metals Week.

Quebec
Baie Comeau 272 000
Aluminerie de Bécancour
Inc.
Quebec
Bécancour 200 000
Total Canadian capacity 1 547 000
Source: Compiled from company reports by

Energy, Mines and Resources Canada.

TABLE 5. ESTIMATED NON-COMMUNIST WORLD PRODUCTION OF ALUMINA

1st Qtr 2nd Qtr 3rd Qtr
1982 1983 1984 1985 1986 1986 1986
(million tonnes)

Europel 4.46 4.35 5.24 4.87 1.17 1.23 1.33
Africa 0.58 0.56 0.55 0.58 0.14 0.14 0.14
Asia 1.81 1.89 2.12 2.00 0.45 0.41 0.43
North America 5.27 5.07 5.75 4.56 0.99 0.98 1.00
Latin America 3.48 4.17 4.60 4.73 1.20 1.33 1.43
Oceania 6.63 7.31 8.80 8.80 2.17 2.33 2.45

Total 22.23 23.35 27.06 25.54 6.12 6.43 6.79
of which nonmetallic uses 1.97 2.06 2.31 2.34 0.60 0.63 0.57

Source: International Primary Aluminum Institute.
Excludes Yugoslavia.



TABLE 6. WORLD MINE PRODUCTION OF BAUXITE

Aluminum

EUROPE

France

Greece

Italy

Spain

Yugoslavia
Total

AFRICA
Ghana
Guinea
Sierra Leone
Zimbabwe
Total

ASIA
India
Indonesia
Malaysia
Turkey
Total

AMERICA

United States
Brazil

Dominican Republic
Guyana

Haiti

Jamaica

Surinam

Total

AUSTRALASIA
Australia
TOTAL

Monthly Average

OTHER COUNTRIES
China
Hungary
Romania
U.S5.S5.R.
Total

WORLD TOTAL

1983 1984 1985
(000 tonnes)

1 595.3 1 529.5 1 529.6
2 455.2 2 293.8 2 367.2
13.1 - -

5.2 7.3 7.0

3 500.0 3 347.0 3 250.0
7 568.8 7 177.6 7 153.8
70.2 44.2 124.5

12 986.0 14 738.0 14 329.0
785.2 1 042.0 1 144.7
23.1 22.7 28.9

13 864.5 15 846.9 15 627.1
1 976.1 2 072.2 2 121.0
968.4 1 003.1 830.5
501.8 680.4 491.9
306.4 131.6 213.8

3 752.7 3 887.3 3 657.2
679.0 856.0 674.0

5 238.7 6 433.1 5 846.0
1 087.3 2 484.7 2 206.4
7 681.9 8 734.9 6 239.3
2 793.0 3 374.9 3 738.3
17 479.9 21 883.6 18 704.0
24 372.0 32 182.0 31 178.0
67 037.9 80 977.4 76 320.1
5 586.5 6 748.1 6 360.0
1 900.0 2 000.0 2 100.0
2 917.0 2 994.0 2 691.4
420.0 460.0 500.0

6 300.0 6 200.0 6 400.0
11 537.0 11 654.0 11 691.4
78 574.9 92 631.4 88 011.5

Source: World Bureau of Metal Statistics.

- Nil.



TABLE 7. WORLD PRODUCTION OF ALUMINUM

EUROPE
France
Germany, F.R.
Italy
Netherlands
Norway
Spain
United Kingdom
Yugoslavia
Other

Total

AFRICA
Total

ASIA
Bahrain
India
Indonesia
Japan
U.A.E.
Other
Total

AMERICA
Canada
United States
Brazil
Venezuela
Other

Total

AUSTRALASIA

Australia

New Zealand
Total

TOTAL

Monthly Average

SOCIALIST COUNTRIES

Romania
U.S.S.R.
Other European

China and Other Asia

Total

WORLD TOTAL

1983 1984 1985
(000 tonnes)
360.8 341.5 293.2
743 .4 777.2 745.4
195.7 230.2 224.1
236.3 247.3 243.9
710.6 760.8 724.1
357.5 380.8 370.1
252.5 287.9 275.4
258.2 267.5 271.1
465.6 476.5 450.6
3 580.6 3 769.7 3 597.9
421.4 413.0 473.2
171.7 177.3 174.8
204.8 267.9 266.5
114.8 199.0 216.8
255.9 286.7 226.5
151.2 155.4 153.2
82.2 98.2 114.6
980.6 1 184.5 1 152.4
1 091.2 1 222.0 1 278.8
3 353.2 4 099.0 3 499.7
400.7 455.0 549 .4
335.2 386.0 403.1
205.0 204.8 211.4
5 385.3 6 366.8 5 942.4
475.1 754.8 851.7
220.1 242.9 243.5
695.2 997.7 1 095.2
11 063.1 12 731.7 12 261.1
921.9 1 061.0 1 021.8
223.3 244.0 220.0
2 400.0 2 300.0 2 300.0
209.9 209.7 212.6
410.0 435.0 435.0
3 243.2 3 188.7 3 167.6
14 306.3 15 920.4 15 428.7

Source: World Bureau of Metal Statistics.
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Aluminum

TABLE 8. WORLD CONSUMPTION OF ALUMINUM

1983 1984 1985
¢ (000 tonnes)
EUROPE
Belgium 272.0 300.8 284.8
France 613.4 579.3 586.1
Germany, F.R. 1 085.0 1 151.6 1 158.0
Ttaly 430.0 448.0 470.0
Spain 217.4 191.4 195.2
United Kingdom 323.4 369.5 350.4
Yugoslavia 152.0 159.6 168.2
Other Europe 699.7 736.2 746.6
Total 3 792.9 3 936.4 3 959.3
AFRICA
Total 177.6 196.5 202.2
ASIA
India 218.5 310.0 297.6
Japan 1 800.7 1 743.9 1 815.6
Other Asia 730.9 580.6 735.3
Total 2 750.1 2 634.5 2 848.5
AMERICA
Canada 248.0 311.0 245.0
United States 4 218.0 4 572.8 4 400.0
Brazil 270.6 294.7 366.7
Other America 261.2 338.4 341.8
Total 4 997.8 5 516.9 5 353.5
AUSTRALASIA
Australia 259.3 265.3 283.0
Other Australasia 26.1 32.0 34.7
Total 285.4 297.3 317.7
TOTAL 12 003.8 12 581.6 12 681.2
Monthly Average 1 000.3 1 048.5 1 056.8
SOCIALIST COUNTRIES
German D.R. 230.0 218.0 230.0
Hungary 181.7 195.3 188.6
U.S.S5.R. 1 850.0 1 800.0 1 850.0
China 620.0 630.0 700.0
Other 487.0 481.7 488.4
Total 3 368.7 3 325.0 3 457.0
WORLD TOTAL 15 372.5 15 906.6 16 138.2

Source: World Bureau of Metal Statistics.



Antimony

J. BIGAUSKAS

Antimony is a silver-white, brittle metal
generally found as the sulphide mineral
stibnite Sb3S3, or its oxidized equivalents.
It may also be present in variable amounts in
lead ores, or in association with gold, tin
tungsten and silver ores. High-grade lump
ores are separated by hand cobbing - a
relatively labour intensive method - while
more disseminated ores are selectively pro-
cessed by flotation and sold as concentrates.
Concentrates typically contain about 60 per
cent antimony by weight. Antimony in anti-
monial lead alloys is also widely recycled
from lead~acid battery and other lead alloy
scrap particularly outside of North America.

Major mine producers in the non-
socialist world are Bolivia and the Republic
of South Africa, while major producers in
the socialist world are the People's Republic
of China and the U.S.S.R.

CANADIAN DEVELOPMENTS

Between 1981 and 1985, primary antimony
output in Canada was mostly a byproduct of
the refining of lead. Cominco Ltd., which
operates a lead smelter and refinery at
Trail, British Columbia, produces antimonial
lead, primarily from lead concentrates
obtained from its Sullivan mine at Kimberley,
British Columbia. Other sources are lead-
silver ores and concentrates shipped to Trail
by custom shippers. The lead bullion
produced from these ores and concentrates
contains a small amount of antimony which
subsequently collects either in  anode
residues from the electrolytic refining of the
lead bullion or in furnace drosses. These
residues and drosses are treated to vyield
antimonial-lead alloy to which refined lead
may be added to meet market requirements.

Lead concentrates produced by
Brunswick Mining and Smelting Corporation
Limited near Bathurst, New Brunswick,
contain small amounts of antimony. Slag
containing antimony and arsenic is removed

by oxidation from lead bullion at the
company's pyrometallurgical lead refinery at
Belledune. The slag is fed into an antimony
reverberatory furnace along with coke to
produce lead bullion, which is returned to
the lead refinery, and antimony-containing
slag which is sold for upgrading elsewhere.

Operations at  Consolidated Durham
Mines & Resources Limited (renamed Durham
Resources Inc. in 1984) near Fredericton,
New  Brunswick, ceased in 1981 when
antimony reserves of the Hibbard orebody
were exhausted. An extensive diamond
drilling program initiated in 1980 and 1981
outlined a new antimony-bearing zone.
Durham completed dewatering of the mine in
September 1984 and began deepening the
inclined shaft. The mill was restarted in
June 1985 and reached rated capacity in
late-1985. Mill capacity is about 500 tpd of
ore or over 4 300 tpy antimony in a clean
65 per cent antimony concentrate. During
1986, production at 2 736 t of antimony in
concentrate represented nearly 10 per cent
of free world production. Sales are mainly
to Eurcope and Japan.

Canadian consumption of antimony in
1985 was 195 t compared with 356 t in 1984.
Antimony production in 1986 was valued at
an estimated $24 million, up from $6.5 million
in 1985.

WORLD DEVELOPMENTS

Major producers of antimony ores and concen-
trates are Bolivia and the Republic of South
Africa, with 29 per cent and 25 per cent of
western  world  production, respectively.
Other producers include Mexico, Thailand
and Yugoslavia, which collectively account
for another 31 per cent. Large quantities of
antimony are also exported by the world's
largest producer, the People’s Republic of
China, to consumers around the world,
including other socialist nations. The
Xikuangshan mine in Hu-nan province is the

J. Bigauskas is with the Mineral Policy Sector, Energy,
Mines and Resources Canada. Telephone (613) 995-9466.



largest single antimony producer. China
sells antimony metal in three grades as well
as antimony oxides and crude oxides. After
a 10-year hiatus, the U.S.S.R. sold quanti-
ties of antimony metal to the west in 1986.
In 1986, western world recoverable mine
production is estimated at about 30 000 t of
antimony in concentrates. An additional
20 000 tpy are produced by socialist
countries.

industrial actions and
uncertainties affected Bolivian output of
antimony. Under the newly-elected govern-
ment's austerity program, reorganization of
Bolivia's mining sector was proposed in the
late-summer of 1985. The plan, which was
intended to reduce reliance on tin, was
delayed for over a year. Protests by
Bolivian mine workers culminated in the
declaration of a state of emergency on
August 28, 1986. Among the original terms
of the proposal, Empresa Nacional de
Fundiciones (ENAF), with antimony smelting
facilities at Vinto Oro, would be folded into
Corporacion Minera de Bolivia (Comibol), the
state-owned mining company. Comibol in
turn would be broken into four subsidiar-
ies. ENAF is to be owned by Empresa
Minera del Centro del Peru S.A. The
largest privately-owned antimony producer,
Empresa Minera Unificada S.A. (EMUSA), is
not affected by the reoganization nor is the
privately-owned Empresa Minera Bernal
Hermanos, with its newly expanded antimony
mine at Rosa de Oro, Tupiza. Bernal has
the capacity to produce 600 tpy of antimony-
lead alloy and 1 000 tpy of crude antimony
oxide. By mid-September 1986, the Bolivian
government agreed to modify plans to
restructure Comibol in response to certain
demands of the Bolivian Federation of Mine
Workers relating mainly to mine operations.
In October the Bolivian government
announced that the World Bank would pro-
vide $US 45 million towards the reorganiza-
tion of Comibol. In December the Inter-—
national Monetary Fund approved loans of
SDR 106.7 million for general economic
stabilization programs over the next three
years.

Continuing

Minas de Guatemala S.A. increased ore
production from 1 200 tonnes per month
(tpm) to 1 800 tpm with an average grade of
6 per cent antimony and 0.5 per cent lead.
About 150 tpm of 62 per cent antimony
concentrates (with 1 per cent combined
arsenic-lead) are produced for sale in the

United States, the United Kingdom and
Japan. The operating rate may be increased
to 165 tpm.
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Mexico's Industrial Minera Mexico SA de
CV is also a major integrated mine producer
of antimony. It produces about 1 200 t of
antimonial lead as a byproduct of lead-silver
refining operations at Monterrey, plus about
2 000 tpy of antimony in concentrates.

The United States is not a major
producer of antimony, but ASARCO
Incorporated produces antimony concentrates
from its Coeur mine at Wallace, Idaho.
ASARCQ's El Paso antimony plant was shut
down in May, 1986. Coeur concentrates will
be sent to the East Helena lead smelter and
combined with lead feed. Antimony will then
be recovered from lead ©bullion in the
subsequent refining step and converted to
antimony oxide at the company's Omaha,
Nebraska refinery.

Amspec Chemical Corp. installed a
second furnace for antimony trioxide produc-
tion at its Gloucester City, New Jersey
plant. It will utilize crude oxide and metal
among other feed materials. Anzon America
Inc. added a second blast furnace to its
facilities at Laredo, Texas to allow various
feeds to be utilized.

In the United States, recycling of
antimony in lead-acid battery scrap and
other lead scrap has declined in importance
over the past decade due to replacement of
antimonial lead with lead~calcium alloys in
automotive batteries. Some producers report
difficulty in obtaining good scrap.
Antimonial lead scrap now being received
contains less than 1 per cent antimony.
Antimony metal must therefore be added for
some applications.

On the other hand, European recycling
of antimony is still extensive given the
generally higher antimony content of lead-
acid batteries and greater availability of
other lead-alloy scrap such as cable cover-
ing which contains more antimony. Most
antimony, antimonial lead and antimony
oxides are produced as byproducts of lead
refining operations. Feed materials include
complex concentrates, lead bullion, residues,
slimes, drosses, crusts, fumes, and scrap,
as well as antimony metal or alloys. Some
notable producers are Métallurgie Hoboken-
Overpelt SA in Belgium (antimony metal
capacity, 2 500 tpy), which produces from
complex materials; Cie Chimique et M&tal-
lurgique Campine SA, Belgium (antimony
metal and trioxide), which uses antimony ore
and concentrate feeds; Preussag AG, West
Germany (antimony metal, antimonial lead),
which produces from lead concentrate, scrap



and residue feeds; Norddeutsche Affinerie
AG, West Germany (antimonial lead), from
lead concentrates, complex materials, inter-
mediate products and residues; Société
minidre et métallurgique de Penarroya S.A.,
France (antimony oxide, capacity 1 000 tpy;
and antimonial lead); Mines & Produits
chimiques de Salsigne S.A., France
(antimony oxide, capacity 7 000 tpy) from
antimony concentrates; and SAMIM S.p.A.,
Italy (antimony oxide, capacity 1 500 tpy,
and antimonial lead, capacity 50 000 tpy).
SAMIM S.p.A. recently completed a new
84 000 tpy KIVCET lead smelter which, when
commissioned, could increase output sub-
stantially. Sour Rudarsko-Metalursko-
Hemijski Kombinat Olova i Cinka (Trepca
Works) in Yugoslavia extracts antimony metal
from lead and zinc concentrates.

Consolidated Murchison Limited (RSA),
the western world's largest primary antimony
producer, recently upgraded its concentrator
to increase production of antimony concen-
trates. Production fell from 16 599 t of
concentrates and cobbed ore in reporting
year 1981 to 12 060 t (58.2 per cent concen—

trate) in the year ending June, 1986. Milled
tonnage increased from 388 950 t to
529 900 t in the same period. These

divergent trends are the result of a drop in
ore grades from 4.3 per cent antimony in
1981 to 2.3 per cent in 1986. Deepening of
the Monarch East shaft and a 17-25 per cent
pay increase for the National Union of Miners
has increased expenses. Shaft sinking was
completed in 1986, and the mine is expected
to resume operations on March 1987.
Consolidated Murchison owns 25 per cent of
Antimony Products (Pty) Ltd., the antimony
oxide producer at the mine site. Other 25
per cent owners were Cookson Group plc,
McGean Chemical Co. Inc. and Laurel
Industries Inc. In December 1986, Cookson
Group merged its interest in the plant with
Zimro (Proprietary) Group and retained a 45
per cent interest in the Zimro joint
venture. Anglo American Corporation of
South Africa Ltd. is the other major owner
of Zimro. Most of Consolidated Murchison's
concentrate is converted to crude antimony
trioxide on behalf of overseas customers by
Antimony Products. Most of this oxide is
exported to the United Kingdom and North
America.

The Government of Thailand approved
plans to build a new antimony smelter near
Bangkok at a cost of $US 1.7 million. The
New Siam Mineral Resources Co., a state-
owned venture, expects to produce some
1 000 tpy of antimony for export.

Antimony

Associated Minerals Consolidated Ltd.
announced in mid-1985 that it expects to
produce 4 000-10 000 tpy of antimony
concentrate from a new mine in southeast
Chonburi  province beginning in 1988.
Associated Minerals Consolidated Ltd. is
owned 44.1 per cent by BP Minerals Inter-
national Ltd., 45.9 per cent by Siam Cement
Co., and 10 per cent by the Thai govern-
ment.

Japanese metallurgical works, like most
European plants, produce antimony oxides
from a variety of sources including concen-
trates and antimony-containing metallurgical
byproducts. Producers include major lead
refiners such as Mitsubishi Metal Corporation
and Nippon Mining Co. Ltd. Dowa Mining
Co., Ltd. started production of antimony
trioxide in 1985 at its Kosaka plant.
Japanese metallic antimony production fell by
41.8 per cent to 129 t in the first nine
months of 1986 compared with the same
period of 1985, while antimony trioxide pro~
duction rose by 11.6 per cent to 6 980 t.
Japanese consumption of antimony metal is
mainly supplied by imports. Imports in 1986
are estimated at 3 700 t, down 13 per cent
from 4 269 t in 1985.

STOCKS

In the United States, a jint House-Senate
bill was sent to the U.S. President in
October, 1986 as an answer to the
Administration's 1985 proposal to adopt the
U.S. National Security Council (NSC) recom~
mendations for modernization of the strategic
and critical materials stockpile. Tier I and
Tier II classifications were proposed in the
NSC proposal. Antimony, a Tier I material,
would be one of several required by
military, industrial and essential civilian
users during a military conflict or one that
would not be available from domestic or
reliable foreign sources. Tier II would be
supplemental to Tier I. The Tier I goal for
antimony is 4 159 t (4,585 short tons). The
bill would allow disposal of 1 361 t (1,500
short tons) of antimony. House provisions
were included that would waive the stockpile
transaction fund ceiling of $250 million for
fiscal year 1987 only; on October 1, 1988,
the ceiling will fall to $100 million to prevent
a higher rate of sales. A proposal for
revised management of the U.S. stockpile
was also made. On June 9, 1986 the U.S.
General Services Administration announced a
first sale of excess antimony from the U.S.
National Defense Stockpile as tender in a
continuing effort to upgrade ferroalloy
stocks. As of December 31, 1986, antimony
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metal in the stockpile totalled 33 910 t
(37,379 short tons) and the goal was
32 660 t (36,000 short tons).

PRICES

European Free Market prices, as reported by
Metal Bulletin {(for Regulus, minimum 99.6
per cent antimony, fob warehouse), fell from
$US 2,740-2,800 per t at the end of 1985 to
$2,300-2,425 by mid-~August 1986. The price
firmed to $2,550-2,700 by mid-October 1986
before falling to $US 2,300-2,360 at the end
of 1986.

The monthly average Metals Week, New
York Dealer Price rose slightly from
$US 1.31/lb in January 1986 to $1.35 in
April 1986 Dbefore falling to $1.07 in
August. The average improved to $1.19 in
October 1986 and then fell to $US 1.1l in
December 1986.

USES

Antimony is used principally in the form of
oxides and alloys. In alloys, antimony
hardens and strengthens lead and inhibits
chemical corrosion. These characteristics
created a large use for the metal in lead-acid
storage batteries. However, the introduction
of the low antimonial-lead alloys and
calcium-lead alloys has reduced this applica-
tion, particularly in North America.
Antimonial-lead alloys are also used for
power transmission and communications cable
sheathing, type metal, solder, ammunition,
chemical pump and pipe linings, tank lin-
ings, sheets and anti-friction bearings.

Antimony trioxide, pentoxide and

oxy-chloride, and sodium antimonate are
used as fire retardants or stabilizers in
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plastics, textiles and rubber. Fire retar-
dants are now the largest end use for
antimony.

Antimony trioxide or sodium antimonate
are also used as refining and decolouring
agents in certain types of glass. Sodium
antimonate is normally used in the manufac-
ture of television screens. Antimony
trioxide is also used in the manufacture of
white pigments. Antimony pentasulphide is a
vulcanizing agent for the production of red
rubber compounds. Burning antimony
sulphide creates a dense white smoke for use
in sea markers, signalling and fireworks.

High~purity metal 1is wused in the
production of indium antimonide and
aluminum antimonide intermetallic materials
for semi-conductors.

OUTLOOK

Despite promising growth in antimony fire
retardants and the fact that this use is not
subject to recycling, the potential for non-
market sensitive supplies of antimony in its
various forms is still large. Expansions by
western world producers, while not likely to
be a major source of market instability, must
nevertheless be paced to match growth in
antimony use and prevent additional
instability. As for every metal, research
and development, particularly for broad and
dissipative uses, can contribute positively to
long-term stability of the market - a feature
that is desirable for producer and consumer
alike. The trend towards producing upgraded
antimony products by major producers,
including the People's Republic of China, will
likely mean increased competition for metal
and oxide producers. Nevertheless, the
outlook for mine producers remains relatively
favourable in the medium-term.



Antimony

TARIFFS
Most
British Favoured General
Item No. Preferential Nation General Preferential
%

CANADA
33000-1 Antimony or regulus of,

not ground, pulverized

or otherwise manufactured free free free free
33502-1 Antimony oxides free free 1.6 25
MFN Reductions under GATT 1986 1987
(effective January 1 of year given)
33502-1 1.6 free

UNITES STATES (MFN)

601.03 Antimony ore

(¢ per pound)

Remains free

632.02 Antimony metal unwrought, etc. 0.1 free
EUROPEAN ECONOMIC COMMUNITY (MFN) 1986
26.01 Antimony ore free
81.04 1. Antimony unwrought;
waste and scrap free
2. Antimony, other 8

Sources: The Customs Tariff, 1986, Revenue
Schedules of the United States Annotated (1986),

Customs and Excise. Tariff

USITC Publication 1775; U.S. Federal

Register Vol. 44, No. 241; Official Journal of the European Communities, Vol. 28, No. L331,

1986.
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TABLE 1. CANADA, ANTIMONY PRODUCTION AND IMPORTS, 1985 AND 1986 AND
CONSUMPTION, 1984 AND 1985

1985 1986P
(tonnes) ($000) (tonnes) ($000)
Production
New Brunswick . 2,605 .. 20,444
British Columbia . 3,872 .. 3,466
Total . 6,477 .o 23,910
Imports

(Jan. - Sept.)
Antimony oxide

United States 534 2,410 569 2,211
United Kingdom 570 2,866 300 1,373
Belgium-Luxembourg 72 337 28 137
France 11 27 - -
Total 1 187 5,640 897 3,721

Antimony, primary forms
and fabricated materials

United States 120 494 160 621

People's Republic of China 1 4 38 152

France - - 4 10

Netherlands 18 68 - -
Total 139 566 202 784

1984 1985p
(kilograms)
Con:’.umption1

Antimony metal used for, or in
the production of:

Antimonial lead 262 020 111 743
Babbit 13 345 10 508
Type metal 5 620 4 156
Solder 5 797 1 749
Other commodities 69 490 67 137

Total 356 272 195 293

Held by consumers on
December 312 34 474 25 312

Sources: Statistics Canada; Energy, Mines and Resources Canada.

Antimony content of primary and secondary antimonial-lead alloys. 2 Available data, as
reported by consumers.
P Preliminary; .. Not available due to confidentiality; - Nil.
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TABLE 2. GANADA, CONSUMPTION AND CONSUMERS' STOCKS OF ANTIMONY!,

1970, 1975, AND 1980-85

Antimony

Consumption On hand at end of year
Antimony Antimonial- Antimony Antimonial-
metal lead alloy?2 metal lead alloy?
(kilograms)
1970 518 007 635 212 131 501 91 563
1975 454 164 723 155 116 760 170 478
1980 369 732 643 983 42 389 51 405
1981 209 829 691 180 35 105 151 400
1982 161 034 605 502 39 799 76 979
1983 217 352 560 705 26 106 130 104
1984 356 272 648 413 34 474 23 319
1985P 195 293 826 846 25 312 20 298
Sources: Statistics Canada; Energy, Mines and Resources Canada.
1 Available data, as reported by consumers. 2 Antimony content of primary and secondary

antimonial-lead alloys.
P Preliminary.
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TABLE 3.

WORLD MINE PRODUCTION OF

TABLE 4. INDUSTRIAL CONSUMPTION OF
PRIMARY ANTIMONY IN THE UNITED
STATES BY PRODUCT PRODUCED, 1984
AND 1985

1984 1985
(tonnes)
Metal Products
Ammunition w 372
Antimonial lead 766 515
Bearing metal and
bearings 165 156
Cable covering w w
Castings 10 10
Collapsible tubes
and foil W w
Sheet and pipe 72 w
Solder 210 307
Type metal 28 28
Other 306 95
Nonmetal Products
Ammunition primers 19 24
Fireworks 6 4
Flame-retardants 7 220 6 831
Ceramics and glass 1172 1 077
Pigments 161 133
Plastics 1 005 905
Rubber products 19 23
Other 146 128
Total 11 308 10 615

ANTIMONY, 1983-85
1983 1984 1985
(tonnes)

Europe 2 520 2 266 2 894
Austria 970 523 4717
France 111 - -
Italy 339 - 542
Spain 489 554 554
Yugoslavia 950 945 1 321

Africa 6 899 8 633 8 514
Morocco 454 994 994
South Africa 6 302 7 509 7 390
Zimbabwe 143 130 130

Asia 2 932 3 099 3 032
Malaysia 133 17 27
Pakistan - 5 5
Thailand 1 740 2 874 2 800
Turkey 1 059 203 200

America 14 569 14 356 14 476
Bolivia 9 951 9 281 8 635
Canada 454 554 1 094
Guatemala 500 92 90
Honduras 10 320 320
Mexico 2 519 3 064 3 574
Peru 375 540 263
United States 760 505 500

Oceania
Australia 538 900 900

Total 27 458 29 254 29 816

Other
China, P.R- 13 000 13 500 17 7211
Czechoslovakia 900 1 000 ..
U.S.S.R. 6 500 6 500 .-
Other 500 450

Source: World Metal Statistics.

1 Exports only.

- Nil; . Not available.
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Source: U.S. Bureau of Mines.
W - Withheld, confidential.

TABLE 5. ANTIMONY PRICES, NEW YORK
DEALER!

1984 1985 1986

(3UST1b)

January 1.26 1.30 1.31
February 1.24 1.26 1.32
March 1.52 1.36 1.33
April 1.56 1.35 1.35
May 1.62 1.32 1.34
June 1.56 1.27 1.27
July 1.52 1.34 1.08
August 1.60 1.33 1.07
September 1.65 1.28 1.10
October 1.65 1.33 1.19
November 1.56 1.30 1.16
December 1.40 1.28 1.11

1.51 1.31 1.22
Source: Metals Week.
1 99.5 - 99.6 per cent metal, cif U.S.

ports, 5 ton lots, duty paid.



Arsenic

D.G. LAW-WEST

Arsenic occurs as a minor constituent of
complex ores mined primarily for their
copper, lead, zinc, silver or gold content.
Globally, copper ores are the main source of
arsenic. The arsenic is usually recovered
from dusts and residues associated with the
roasting of these ores. It is collected as an
impure arsenic trioxide which is either puri-
fied on site or sold directly to a refiner.
Ninety-six per cent of arsenic is consumed
as arsenic trioxide or another arsenic
compound. Only 4 per cent is consumed as
metallic arsenic. In the literature, arsenic
trioxide is commonly referred to as arsenic.

The demand for arsenic has been
somewhat stagnant over the past few years,
with the price remaining around
$US 0-42/1b. since 1985. Environmental
concerns about the use of arsenic in
agricultural herbicides, dessicants and
insecticides greatly reduced its demand in
the early 1980s. The wood preservatives
industry, which created a brief supply
shortage in the late 1970s, remains the
largest single consumer of arsenic.

CANADIAN DEVELOPMENTS

Canadian arsenic production is obtained
mainly as arsenic trioxide from the treatment
of arsenious gold ores. Production declined
to 5 100 t in 1986 from 8 400 t in 1985.

Campbell Red Lake Mines Limited in
Ontario and Giant Yellowknife Mines Limited
in the Northwest Territories recover impure
arsenic trioxide from dust and residues
collected during the roasting of gold ores.
They use similar recovery technology,
including electrostatic precipitation of dust,
cooling of the arsenic-containing gases and
collection of arsenic trioxide in a baghouse.

Campbell Red Lake recovers about
1 400 tpy of product grading 90 to 93 per
cent As303 and ships it to the United States
for further processing. Giant Yellowknife
had been shipping a similar product grading
85 to 93 per cent to the United States, but

has discontinued the practice pending
improved market conditions. The company is
stockpiling its arsenic output underground.

Cominco Ltd. closed the 12 tpd arsenic
trioxide plant at its Con mine near
Yellowknife late in 1985 and converted it into
a water treatment plant. After operating it
as such for most of 1986, the company modi-
fied the process configuration and planned to
reconvert to arsenic trioxide production
grading 99.5 per cent by early 1987. How-
ever, late in 1986, Cominco sold the Con
mine and associated arsenic trioxide recovery
plant to NERCO Minerals Company of
Fairbanks, Alaska for some $64 million.

INTERNATIONAL DEVELOPMENTS

ASARCO Incorporated halted the production
of arsenic metal and arsenic trioxide at its
copper smelter in Tacoma, Washington at the
end of 1985. Some shipments of these
products continued into 1986. The main
reason given for the shutdown was the high
cost of bringing the smelter into compliance
with environmental regulations.

Boliden Aktiebolag in Sweden, with a
capacity of 15 000 tpy, is the western
world's largest arsenic producer. Arsenic
trioxide accounts for 70 to 80 per cent of
production while arsenic metal and arsenic
acid production varies from 10 to 15 per cent
depending on product demand.

The El Indio mine in Chile recovers
about 4 800 tpy of 97 per cent grade arsenic
trioxide from the roasting of its copper ores.

USES

In 1985, about 62 per cent of arsenic was
used in industrial chemicals, mainly wood
preservatives, 30 per cent in agricultural
chemicals, 4 per cent in glass manufac
turing, 3 per cent in nonferrous alloys and
2 per cent in other uses. The United States
is the largest consumer of arsenic, using
over 50 per cent of the world production.

D.G. Law-West is with the Mineral Policy Sector, Energy,
Mines and Resources Canada. Telephone (613) 995-9466.
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In the past decade, consumption by the
wood preserving industry has risen from less
than 2 per cent to over 60 per cent of
arsenic  production. Chromated copper
arsenate {(CCA) is by far the most common of
the arsenical wood preservatives. Ammoniacal
copper arsenide (ACA) and fluor chrome
arsenate phenol (FCAP) are two other less
widely used wood preservatives. Waterborne
CCA  chemically reacts with the wood
substrate and fixates in the form of a
leach~resistant compound. Arsenical wood
preservatives are used wherever rot or
insect damage may occur such as in building
foundations, fence posts, submerged footings
and utility poles.

The agricultural share of arsenic use
has dropped from over 80 per cent a decade
ago to the current 30 per cent. Monosodium

methanearsenate (MSMA) and disodium
methanearsenate (DSMA) are the most
common  agricultural arsenical chemicals.

These compounds are used as herbicides and
plant desiccants and defoliants primarily in
the cotton industry where they are used to
control grassy and broad-leaved weeds.

The glass industry uses arsenic trioxide
as a decolorizing agent and to remove tiny
air bubbles in the glass. Because of
environmental concerns the glass industry
has been substituting arsenic acid for
arsenic trioxide to reduce dust problems
associated with handling the latter.

Arsenic metal is used as a minor (0.01
to 0.5 per cent) alloying agent in certain
copper and lead based alloys. When added
to lead for use in acid storage batteries,
arsenic strengthens the lead posts and grids
to help withstand sudden jars. Arsenic
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increases the corrosion resistance and tensile
strength of copper used in industrial plant
piping and auto radiators. Arsenic trioxide
can also be used in some alloying applica-
tions.

High purity arsenic metal (99.999 per
cent) is used in the electronics industry.
Gallium arsenide and its alloys are important
semiconductors and are used in such
products as light-emitting diodes, microwave
devices, solar cells and photoemissive
surfaces. Gallium arsenides have higher
operating frequencies, lower power consump-
tion, lower noise and higher resistance to

nuclear radiation than their silicon
counterparts. Integrated circuits using
gallium arsenide have extensive military
applications.
OUTLOOK
The outlook for arsenic is somewhat

uncertain. As a by-product, its production
is largely a function of the demand for other
metals and does not respond directly to
changes in the demand for arsenic.
Environmental concerns could adversely
affect the demand for arsenic and arsenical
products as seen in the marked drop in
agricultural uses.

The <closure of ASARCO's arsenic
trioxide plant had only a brief impact on
arsenic prices, which have remained
unchanged during the last two years. There
is no reason to expect any price change
during the short to medium term. The wood
preservative industry, the largest consumer
of arsenic, is well established and is not
likely to expand over the next few years.



Arsenic

TABLE 1. WORLD PRODUCTION OF ARSENIC TRIOXIDE (WHITE ARSENIC), 1970, 1975,
1980, 1984-86
1970 1975 1980 1984 1985 1986¢
(tonnes)
U.S.S.R. 7 149 7 348 7 71 7 257 7 257 7 257
Mexico 9 140 6 121 6 532 4 082 4 082 4 535
France 10 193 8 165 5 262 4 536 5 443 7 257
Sweden 16 400 15 967 4 082 5 352 5 443 6 350
Canada 5 000 5 000 5 000 8 000 8 000 5 100
Namibia 4 062 6 663 1 996 2 272 2 268 2 268
Others 16 223 14 340 6 262 5 144 8 165 13 009
Total 68 167 63 604 36 845 37 043 37 759 45 767
Source: U.S. Bureau of Mines, Mineral Commodity Summaries.
Note: Canadian production, estimated by the Mineral Policy Sector of Energy, Mines and

Resources Canada, includes material stockpiled in crude form.

€ Estimated.
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Asbestos

G.O. VAGT

Canadian shipments of asbestos (chrysotile)
in 1986 were lower for several reasons
including the closure of one mine, foreign
exchange shortages in the developing
countries, uncertainties regarding future
regulations, and adverse publicity associated
with past exposure to asbestos dust in the
workplace. Total shipments in 1986 were
640 000 t valued at $300.6 million compared
to 750 190 t valued at $298.6 million in 1985.

Since 1981, greatly reduced mine
production coupled with large inventories
have resulted in shortened work periods,
layoffs, prolonged shutdowns, and permanent
closures. Employment in the industry has
declined to about 3,000 from over 8,000 in
1979. Exports, generally accounting for
about 95 per cent of production, amounted to
526 000 t valued at $292 million during the
first 9 months of 1986, compared to
554 000 t valued at $343 million during the
same period in 1985.

The International Labour Organization
(ILO) voted overwhelmingly in favour of the
International Convention on Safety in the
Use of Asbestos. This marks a turning
point in the international controversy over
asbestos use as it serves to emphasize that
with proper controls and regulations asbestos
(chrysotile} can be used safely.

Canada takes the position that with
enforcement of appropriate regulations to
rigourously control exposure to asbestos
dust the risks associated with chrysotile in
mining, milling, product manufacture, trans-
portation and handling can be reduced to
acceptable levels.

CANADIAN DEVELOPMENTS

A consolidation of mining and milling
operations at Thetford Mines-Black Lake was

formalized in mid-year. The resulting
limited partnership, known as LAB
Chrysotile Inc., involved reorganization of

production and sales of Lake Asbestos of
Quebec, Ltd. {(LAQ), Asbestos Corporation
Limited and Bell Asbestos Mines, Ltd.; the

latter two companies were controlled by
Société nationale de Il'amiante (SNA), a
Quebec Crown corporation. The resulting
partnership, with its stated goals of
reducing production costs and improving
international competitiveness, now controls
about 50 per cent of asbestos production in
Quebec.

Carey Canada Inc., a subsidiary of
Miami based Jim Walter Corporation, closed
its mining and milling operation at East
Broughton, Quebec, in April. The mine
began large-scale production in 1958 mainly
producing fibre groups 6 and 7 for the
United States market. Sales fell from about
210 000 t to 70 000 t a year between 1979-80
and 1985. A total of about 170 employees
were affected.

Cassiar Mining Corporation started a
$4 million underground exploration and
development program to confirm reserves at
its new McDame asbestos deposit that could
probably be mined by low-cost block-caving
methods. The present Cassiar open-pit will
be exhausted in 1991 and work in 1986 may
allow a production decision in the near
future.

At the Jeffrey mine, owned by
J M Asbestos Inc., the present mining plan
should ensure continued operation until the
end of this decade; plans for future
development are under study. There were
no further layoffs, in fact some workers
were recalled as a result of increased
demand for short fibres.

The Montreal-based Asbestos Institute,
funded by contributions from the Govern-
ments of Canada and Quebec and most
asbestos mining companies, continued its
activities dedicated to promoting the safe use
of asbestos in Canada and throughout the
world. During the last two vyears, the
priority has been on the regulatory f{ront,
where major efforts continue to be made to
promote the international harmonization of
asbestos regulations based on the controlled-~
use approach. Paralleling this effort were

G.O. Vagt is with the Mineral Policy Sector, Energy,
Mines and Resources Canada. Telephone (613) 995-9466.
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major initiatives in the areas of market
development, technical services and research
and development.

The Government of Quebec announced
in July plans to privatize two of SNA's
manufacturing subsidiary companies. By
vear-end a total of five subsidiaries had
been privatized. In keeping with an overall
plan to reduce expenditures, rationalization
of R&D activities will also be addressed.
Under a complex contract signed in 1981 by
the previous Government of Quebec and
General Dynamics Corporation (GDC),
Quebec completed its purchase of GDC's
holdings in Asbestos Corporation Limited for
an overall cost of about $180 million.

Reported consumption of asbestos in
Canada dropped from about 27 000 t in 1982
to about 20 000 t in 1985. Related statistics
in Table 5 are reported in three categories
to protect company confidentiality.

HEALTH AND REGULATIONS

Federal emission regulations pursuant to the
Clean Air Act as defined by Environment
Canada require that the concentration of
asbestos fibres contained in emissions to the
ambient air shall not exceed 2 fibres per
cubic centimetre (f/cm3). This level is
being re-examined in conjunction with
drafting of the new Environmental Protection
Act. Labour Canada is expected to lower
the exposure limit for chrysotile to 1.0
f/icm3 in numerous sectors where it has
jurisdiction.

Consumer and Corporate Affairs Canada
introduced a proposal under the Hazardous
Products Act to ban the sale of Iloose
asbestos to the general public. The pro-
posal applies to asbestos fibres including
actinolite, amosite, anthophyllite, chrysotile,
crocidolite, cummingtonite and tremolite, as
well as to fibrous erionite, a member of the
zeolite family of minerals.

At a federal/provincial labour ministers
meeting held in November, 1986, the
ministers agreed to the ratification by
Canada of the International Labour
Organization (ILO) Convention on Safety in
the use of Asbestos, subject to clarification
of certain requirements of the Convention
and the formal approval of their respective
cabinets.

The Ontario Ministry of Labour

"Regulation Respecting Asbestos on
Construction Projects and in Buildings and
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Repair Operations" became effective in
March. This culminates a program to
establish a safe, practical construction-

related asbestos regulation under the Ontario
Occupational Health and Safety Act.

Media reports in Winnipeg, Manitoba
resulted in concern about asbestos fibres in
drinking water, however more factual inform-
ation later showed that concerns were
misplaced. In any case, the city published
a factsheet emphasizing that health risks
associated with ingestion of low levels of
asbestos are negligible.

WORLD DEVELOPMENTS AND
INTERNATIONAL REGULATIONS

Based on an estimated 1985 world production
of 4.1 million t of fibre, major producers and
their approximate percentage share of
production are: U.S.S5.R., 58; Canada, 18;
and Republic of South Africa, Zimbabwe and
Brazil, each 4. In terms of trade, however,
Canada remains the most important exporter
providing more than 40 per cent of world
imports of asbestos. Expansions to produc—
tion facilities in the Soviet Union are
reportedly to serve domestic needs of
industrial and residential construction.

The u.s. Environmental Protection
Agency (EPA) published a proposed rule on
January 29th intended to ban the use of
certain asbestos-containing products and
phase out remaining uses in the United
States over a l0-year period. As provided
for under the Toxic Substances Control Act,
public hearings on the proposed rule were
held in July and cross-examination hearings
were held in October. Industry responded
by calling on EPA to withdraw its proposal
on the basis that the supporting documents
are legally deficient. It would appear that a
final rule, or possibly a new proposal, will
not be issued before December, 1987.

The U.S. Occupational Safety and
Health  Administration announced a new
asbestos standard of 0.2 f/cm3 for both
manufacturing and construction industries
effective in July, 1986. This is a 10-fold
reduction from the 2 f/fecm3 standard
established in 1976; these revised standards
were immediately challenged, though for
different reasons, by industry and labour.
Several petitioners filed opening briefs in
October 1986, to the Washington circuit
appeals court.

The International Labour Organization,
representing about 140 countries, in almost



unanimous fashion adopted, in June, a
Convention and Recommendation on Safety in
the Use of Asbestos. The principle of
controlled~use was endorsed, and while strict
in terms of measures required for worker
protection, the Convention does not call for
prohibition or mandatory replacement of
chrysotile asbestos. Also, a resolution was
adopted calling on the ILO to establish a
group of experts to examine potential health
hazards associated with all fibrous materials,
including asbestos substitutes, and to
develop any relevant instruments for these
materials.

At an international symposium in
Copenhagen sponsered by the World Health
Organization, it was confirmed that certain
synthetic fibrous materials increase risks of
lung cancer in workers engaged in their
manufacture. Advice given by the World
Health Organization in its 1980-82 Guidelines
for Drinking-Water Quality remain valid.
Based on scientific studies published since
1981, there seems to be a growing consensus
that variable concentrations of asbestos in
drinking water are not carcinogenic and do
not pose a health hazard.

Adverse publicity often associated with
asbestos in buildings continued in the United
States. This health-related issue has
apparently not been resolved, although
detailed studies elsewhere have indicated
that the environmental health risk from
asbestos in buildings is of an extremely low
order. Exceptions have been found where
loose asbestos is being actively disturbed or
is falling.

In the European Community, the EC
Council Directive approved in 1983 on
Protection in the Workplace 83/478/EEC,
provided the basis on which member states
are to adopt compliance laws before
January 1, 1987. The control limit for
exposure to asbestos other than crocidolite,
over an eight-hour sampling period, will be
1 f/em3; for crocidolite the limit value will
be 0.5 f/cm3.

A subsequent EC directive on Marketing
and Use 76/769/EEC, issued in 1985, limited
a number of asbestos-containing products as
follows: toys; materials for spray-on
application, except undercoatings for cars;
products distributed in powder form
(spackling compounds); items for smokers
such as tobacco pipes and cigarette and
cigar holders; catalytic filters and insulation
devices for certain catalytic heaters and
paints and varnishes. Based on the

Asbestos

regulatory approach to date, the EEC
philosophy currently accepts that there is no
undue health risks at low levels of exposure
and that asbestos exposure is primarily an
occupational problem rather than an
environmetal hazard.

In the Federal Republic of Germany
there has been considerable pressure to
introduce restrictive regulations against the
use of asbestos rather than to follow a
controlled-use approach. Regulations and
voluntary agreements with asbestos—
consuming industries mandate some replace-
ment and substitution.

In France there has been agreement for
some time that it is possible to work safely
with asbestos, provided the strictest of
measures are applied to ensure that
controlled-use prevails. The first Inter-
national Conference on Asbestos-Cement,
held in Cannes, highlighted information on
new and improved applications of asbestos-
cement products as well as recent technolo-
gical innovations aimed at improving the
properties of these relatively low-cost
materials.

Denmark gave official notice to the GATT
Committee on Technical Barriers to Trade of
its intent to ban asbestos in brake
components of light vehicles and some heavy
vehicles and in transmission systems in light
vehicles. The new regulations would apply
to vehicles registered or taken into use for
the first time beginning in April, 1988.

PRICES AND CONSUMPTION

Average real prices for asbestos have fallen
since the 1980-81 period. Weakness in the
construction sector, which accounts for an
estimated 75 per cent of worldwide
demand, along with some emphasis on using
asbestos-free products where possible, have
greatly increased competition among
producers.

In addition to price discounting among
domestic producers, there was aggressive
price competition from Brazil, Zimbabwe and
Greece. Countertrade was an important
factor in some markets.

Alternate Fibres and Materials
The controversy over health and stricter
regulations on use have resulted in much

promotion of alternate fibres and products
which have made significant inroads.
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Asbestos—cement products are particularly
competitive in the developing countries where
locally purchased raw materials (assuming a
cement: silica sand ratio of 60:40) are
available at an average price of much less
than $100/tonne. Although most synthetic
fibres do not have the same reinforcing
characteristics as group 4 chrysotile,
success has been achieved with cellulose
fibres particularly for flat sheets where
reinforcing ability is less critical and in
regions, e.g. tropics, where there is little
temperature variation.

RESEARCH AND DEVELOPMENT

CANMET's Asbestos R&D involves three
programs; Respirable Dust in Asbestos Mills,
Asbestos Cement Products and Productivity
Improvements. The programs are conducted
under various contracts, valued at approxi-
mately $260,000 a year. Results to date
have been recently reported in CANMET
publication No. MSL 86-124 (OP&J).

A portable, inexpensive asbestos fibre
monitor being developed under contract will
allow measurements of asbestos fibres at
levels below 1 f/cm3 in the workplace.
Following development by the contractor,
accuracy tests in Quebec mills are scheduled
for 1987.

Atlas  Turner Inc. has developed
formulations for improved A/C cooling tower
fill, using fly ash and silica fume as
supplements to cements and asbestos.

Cassiar Mining has developed a wet
asbestos process using CANMET technology
and is mid-way through a $1.2 million
Program for Industry/Laboratory Projects
(PILP) agreement. The fibre produced from
tailings has extremely low fines content and
cost studies indicate that a wet process
would operate with 40 per cent lower capital
and operating costs. The pilot plant con-
tinued to evaluate various equipment for
fibre grading, water recycling, and fibre
characterization. Also, samples were pro-
duced for customer evaluation.

Health and Welfare Canada recognizes
that there should be toxicological testing of
replacement materials. It has recommended
to federal and provincial occupational health
authorities that exposure to all fibrous dusts
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in the workplace be minimized through
introduction of suitable industrial hygiene

measures.

The importance of R&D to the future of
the industry was discussed in October at a
symposium on technological research organi-
zed by the Government of Quebec (Centre de
recherches minérales) . An agreement
between industry, governments and certain
institutions will be sought on the orientation,
organization and financing of all asbestos
R&D.

For further information relating to
CANMET R&D on asbestos, contacts
are: D. Doyle, 613-992-7782 and
P. Mainwaring, 613-995-4608.

OUTLOOK

Weak demand and prices are expected to
continue, however partial consolidation of
mining and milling operations in Quebec
should lower production costs allowing
companies to sell more competitively.

Canadian mine production during this
decade is forecast to continue at today's de-
pressed level, or to fall even lower
depending on the extent of restrictive
regulations abroad.

The ILO's International Convention on
Safety in the Use of Asbestos is considered
a major turning point in regulatory trends
because it endorses the view that
chrysotile asbestos, with proper controls,
can be used safely.

Although the outlook remains uncertain
particularly in the United States, it appears
that the direction of EPA's regulatory
initiatives may be revised in light of more
complete studies. With more comprehensive
data, it may be that the EPA will move
closer to a "controlled-use"™ regulatory
approach.

Although there are well-established
needs for asbestos-cement products in
construction and irrigation projects in the
developing countries, foreign exchange and
debt problems will continue to be major
obstacles to trade.



Asbestos

TARIFFS
Most
British Favoured General
Item No. Preferential Nation General Preferential
CANADA
(%)

31200-1 Asbestos, in any form other

than crude, and all manu-

factures thereof, nop 8.6 8.6 25 5.5
31205-1 Asbestos in any form other

than crude, and all manu-

factures thereof, when made

from crude asbestos of

British Commonwealth origin,

nop free 8.6 25 free
31210-1 Asbestos, crude free free 25 free
31215-1 Asbestos, yarns, wholly or in

part of asbestos, for use in

manufacture of clutch facings

and brake linings 5.8 5.8 25 3.5
31220-1 Asbestos woven fabric, wholly

or in part of asbestos for

use in manufacture of clutch

facings and brake linings 8.6 8.6 30 5.5
31225-1 Asbestos felt, rubber impreg-

nated for use in manufactur-

ing floor coverings free free 25 free
MFN REDUCTIONS 1986 1987
(effective January 1 of year given) (%)
31200-1 8.6 8.0
31205-1 8.6 8.0
31215-1 5.8 5.5
31220-1 8.6 8.0
UNITED STATES
518.11 Asbestos, not manufactured,

crudes, fibres, stucco,

sand and refuse free
518.41 Asbestos cement pipes, tubes

and fittings 0.15¢ per Ib
518.44 Other asbestos cement articles free

1986 1087
(%)

518.21 Asbestos, yarn, slivers,

rovings, wick, rope, cord,

cloth, tape and tubing 0.5 free
518.51 Asbestos articles nop 0.6 free
Sources: The Customs Tariff, 1986, Revenue Canada: Customs and Excise. Tariff Schedules

of the United States, Annotated (1986) USITC Publication 1775. U.S. Federal Register Vol.

44, No.

241.

nop Not otherwise provided for.
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TABLE 1. CANADA, ASBESTOS PRODUCTION AND TRADE, 1984-86
1984 1985 1986P
(tonnes) ($000) (tonnes) ($000) (tonnes) ($000)
Production (shipments)l
By type
Group 3, spinning 15 502 19,771 13 537 14,405
Group 4, shingle 251 546 180,383 233 969 150,676
Group 5, paper 175 455 95,960 150 223 63,729 .
Group b6, stucco 167 429 50,121 160 457 43,464 .
Group 7, refuse 226 722 33,040 192 004 26,322 . ..
Total 836 654 379,275 750 190 298,596 640 000 300,586
By province
Quebec 690 678 278,640 615 719 223,622 515 000 232,986
British Columbia 92 123 75,296 89 350 56,715 80 000 49,600
Newfoundland 53 853 25,339 45 121 18,259 45 000 18,000
Total 836 654 379,275 750 190 298,596 640 000 300,586
Exports (Jan. - Sept.)
Crude {unspecified)
Japan 25 24 521 164 19 15
United States 20 3 20 17 - -
United Kingdom 2 11 - - - -
Singapore - - - - - -
Argentina - - 20 15 - -
Belgium-Luxembourg 17 4 - - - -
West Germany 53 62 - - - -
Other - - 21 7 108 59
Total 167 104 582 203 127 74
Milled fibre {groups 3, 4 and 5)
West Germany 21 7135 21,330 23 399 22,309 25 082 21,220
Japan 33 679 26,139 33 745 25,632 25 878 18,507
United States 48 178 45,473 31 986 31,721 17 109 14,709
France 30 107 25,234 14 403 13,650 22 079 15,721
India 30 716 25,653 32 094 23,532 11 324 7,452
United Kingdom 20 425 20,805 15 150 15,886 11 236 10,222
Mexico 17 607 16,745 17 836 15,228 6 526 5,163
Italy 18 731 19,112 24 514 23,214 18 431 15,794
Australia 10 463 11,152 7 260 7.513 3 770 3,237
Malaysia 7 059 6,566 5 110 4,755 3 350 5,877
Thailand 19 167 13,832 21 487 14,580 L3 435 8,269
Spain 3914 3,752 10 463 9,095 9 405 5,683
Belgium-Luxembourg 8 440 8,270 6 928 6,766 4 900 4,140
Austria 11 858 10,519 9 117 8,313 7 976 6,351
Other countries 148 312 136,757 141 695 128,354 92 727 73,987
Total 430 391 391,339 395 127 350,548 273 228 216,332
Shorts (groups 6 and 7)
United States 137 023 31,574 101 084 21,963 72 720¢ 15,418
Japan 65 583 19,876 66 229 20,372 59 401 19,241
United Kingdom 11 543 3,442 12 429 4,601 7 614 2,345
West Germany 14 757 4,935 10 469 3,834 12 146 4,790
France 6 297 1,558 4 653 1,035 2 927 865
Mexico 8 229 2,036 9 334 2,552 4 852 1,071
India 10 057 3,483 14 085 5,050 7 625 3,093
Thailand 16 903 7,599 11 277 4,601 7 332 2,982
Taiwan 15 771 6,917 10 765 4,609 12 261 4,790
South Korea 14 722 3,562 18 393 5,303 17 906 5,631
Belgium~Luxembourg 7 639 3,285 6 397 2,134 5 202 1,684
Venezuela 4 728 1,091 1 850 434 2 202 430
Argentina 6 771 2,026 1 833 479 2 886 750
Nigeria 1619 499 3 0i8 1,107 - -
Switzerland 200 48 345 80 - -
Other countries 44 364 15,611 54 133 17,614 37 160 12,133
Total 366 206 107,542 326 294 95,768 252 234° 75,223
Grand total crude, milted
fibres and shorts 796 764 498,985 722 003 446,519 525 589¢€ 291,629




TABLE 1.

{cont'd)

Asbestos

1984 1985 86P
(tonnes) (3000) {tonnes) (5000) {tonnes) ($000)
Manufactured products
Asbestos cloth, dryer felts,
sheets
United States 1,233 847 578
United Kingdom 462 482 414
Japan 2 70 -
Other countries 620 214 50
Total 2,317 1,613 1,042
Brake linings and clutch facings
United States 8,602 7.943 1,975
Australia 111 55 -
Hong Kong 76 3 -
West Germany 60 59 -
France - 45 -
Other countries 91 58 13
Total 8,940 8,163 1,988
Asbestos and asbestos cement
building materials
United States 7,555 7,420 5,470
United Kingdom 363 208 -
Australia 164 223 173
Singapore 129 111 -
Venezuela 165 152 143
Egyptian A.R. 23 - 90
Indonesia 57 117 191
South Africa 43 - -
Malaysia 48 24 -
Other countries 165 862 535
Total 10,198 9,117 6,602
Asbestos basic products, nes
United States 2,842 2,531 1,121
West Germany 704 71 95
Australia 16 - -
Mexico 134 96 -
Other countries 523 797 456
Total 4,219 .. 3,495 1,672
Total exports, asbestos
manufactured 25,674 . 22,388 11,304
Imports
Asbestos, unmanufactured 326 505 374 635 251 491
Asbestos, manufactured
Cloth, dryer [elts, sheets,
woven or felted 1, L4 774 914
Packing 2,741 2,681 1,711
Brake linings 21,245 20,732 16,159
Clutch facings 2,078 2,109 1,541
Asbestos-cement shingles and
siding 91 34 18
Asbestos-cement board and
sheets 515 692 254
Asbestos building materials,
nes 1,495 1,071 730
Asbestos basic products, nes 1,022 1,257 956
Total asbestos, manufactured 30,301 29,350 .- 22,283
Total asbestos, unmanufactured
and manufactured 30,806 29,985 22,774

Sources:

1

P Preliminary;

Value of containers not included.
- Nib;

nes Not elsewhere specified;

Statistics Canada; Energy, Mines and Resources Canada.

Not available; © Estimated.
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TABLE 2. CANADIAN ASBESTOS PRODUCERS, 1986
Normal Mill Capacity
Producers Mine Location ore/day fibre/year Remarks
(tonnes)

Baje Verte Mines Inc. Baie Verte, Nfld. 6 600 80 000 Open-pit.

LAB Chrysotile Inc.l Partnership owned 55 per cent LAQ
and 45 per cent Société nationale
de l'amiante (SNA).

- Lake Asbestos of Quebec, Black Lake, Que. 9 000 160 000 Open-pit. A joint venture with

Ltd. (LAQ) ASARCO Incorporated and Campbell
Resources Inc.
- Asbestos Corporation Limited (SNA) Quebec Crown corporation.
British Canadian mine Black Lake, Que. 7 000 70 000 Open-pit.
King mine Thetford Mines, Que. An underground operation - closed in
October.

- Bell Asbestos Mines, Ltd. Thetford Mines, Que. 2 700 70 000 (SNA) Quebec Crown corporation.
Underground.

J M Asbestos Inc.

- Jeffrey mine Asbestos, Que. 15 000 300 000 Open-pit (effective capacity reduced
by one-half in 1982).

Carey Canada Inc. East Broughton, Que. Closed in April. Mainly produced
groups 6 and 7 from open-pit.

Cassiar Mining Corporation Cassiar, B.C. 5 000 100 000 Open-pit.

Total of six producers at year-end 780 000

1 A partnership involving three operating companies.



Asbestos

TABLE 3. CANADA, ASBESTOS PRODUC- TABLE 4. WORLD ASBESTOS PRODUC-
TION AND EXPORTS, 1980-86 TION, 1985
Crude Milled Shorts Total Country Tonnes®
(tonnes)
U.S.S.R. 2 400 000
Productionl Canada 750 190
Zimbabwe 174 000
1980 - 690 493 632 560 1 323 053 Brazil 172 000
1981 10 567 288 554 547 1 121 845 Rep. of South Africa 164 000
1982 - 394 554 439 695 834 249 China 140 000
1983 - 448 953 408 551 857 504 Ttaly 136 000
1984 - 442 503 394 151Tr 836 654 United States 57 457
1985 - 397 729 352 461 750 190 Greece 47 000
1986P - 640 000 Turkey 31 000
Swaziland 26 000l
Exports Cyprus 12 000
Colombia 11 500
1980 - 653 358 564 379 1 217 737 Yugoslavia 7 400
1981 10 519 777 542 402 1 062 189 Korea 5 000
1982 555 454 440 425 701 880 696 Japan 4 000
1983 931 384 068 368 912 753 911 India 2 000
1984 167 430 391 366 206 795 853 Taiwan 1 500
1985 582 395 127 326 294 722 003 Argentina 1 200
1986 (Jan.~ Mozambique 800
Sept.) 127 273 228 252 234® 525 589¢ Bulgaria 600
4 143 647
Sources: Statistics Canada; Energy, Mines
and Resources Canada- Sources: United States Bureau of Mines and
! Producers! shipments. Energy, Mines and Resources Canada.
P Preliminary; - Nil; ¥ Revised. 1 Reported figure.

€ Estimated.

TABLE 5. CANADIAN ASBESTOS CONSUMPTION, 1983-85

1983r 1984 1985
(tonnes) (%) (tonnes) (%) (tonnes) (%)
Paper; textiles, a/c sheet; 23 128 48 11 792 44 7 062 35
a/c pipe; insulation; roofing
Flooring products, plastics; 9 246 34 8 898 33 6 607 33
coatings and compounds
Friction products; packing and 4 816 18 6 123 23 6 309 32
gaskets
Total 27 190 100 26 813 100 19 978 100
I Revised.
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Barite and Celestite

G.O.

SUMMARY

Canadian shipments of barite in 1986 amount-

ed to 36 888 t wvalued at an estimated
$4.64 million. This compares to 71 049 t
valued at $5.50 million shipped in 1985.
Following a period of moderate recovery

during the period 1982-85, shipments drop-
ped substantially with the 50 per cent drop
in crude oil prices and attendant decline in
well-drilling activity as OPEC flooded world
oil markets. Imports of refined barium
carbonate in 1986, one of the most important
barium chemicals derived from barite,
amounted to an estimated 3 700 t valued at
$1.3 million.

Barite (BaSO4) is a valuable industrial
mineral because of its high specific gravity
(4.5), low abrasiveness, chemical stability
and lack of magnetic and toxic effects. Its
dominant use is as a weighting agent in oil
and gas drilling muds required to counteract
high pressures confined by the substrata.

This mineral is found in many countries
of the world and is the raw material from
which nearly all other barium compounds are
derived. The major world producers of
barite are: China, United States, India,
U.S.S.R., Mexico and Morocco. In recent
years, China has become very important in
world trade and is the leading foreign
supplier of barite to the United States.

CANADIAN DEVELOPMENTS

Barite was produced during 1986 from opera-
tions in British Columbia, Ontario and Nova
Scotia.

Mountain Minerals Co. Ltd., in eastern
British Columbia, closed its Parson mine
operation pending improved economic condi-
tions. Normally, crude barite is shipped to
the company's grinding plant at Lethbridge,

Alberta. Magcobar Minerals Division of
Dresser Canada, Inc. was inactive at its
British  Columbia  Fireside deposit near
kilometre 588 of the Alaska Highway. NL
Chem Canada, Inc. continued to process
crude barite at its grinding plant in

Onoway, Alberta.

VAGT

Canada Limited
Matachewan, Ontario.
Production of the high-quality dry-ground
product, by open-pit mining, is used for
filler and extender pigments in paints and
plastics.

Extender Minerals of
mined barite near

In Nova Scotia, Nystone Chemicals Ltd.
produced pharmaceutical-grade barite from
its deposit 2 km northeast of Brookfield.
Diversification to supply drilling-grade barite
is possible under favourable conditions.

Scotsville Mineral Resources, after
starting up its Scotsville, Cape Breton prop-
erty in 1984 fell into receivership in 1986.

CONSUMPTION

Consumption of barite in Canada in 1985
was 59 284 t, down from a revised 71 568 t
the previous year. About 90 per cent was
used for well drilling and the balance was
for the manufacture of plastics, bearings,
brake linings and other products.

WORLD DEVELOPMENTS

World production of barite in 1986 was an
estimated 4 264 million t according to
preliminary estimates by the United States
Bureau of Mines. This compares to 6 078
million t in 1985 (Table 3).

China, firmly established as the world's
leading producer since 1983, accounted for
about 1.0 million t or 16 per cent of world
output in 1985. The United States, by far
the second largest producer, accounted for
0.67 million t in 1985 and imported
1.9 million t, nearly one half from China.
Net import reliance, as a per cent of
apparent consumption is about 66 per cent.

Many mergers were announced in the
drilling-fluids business. In the United
States, Dresser Industries, Inc. and its
Magcobar divisions, excluding lead-mining
operations, were merged with the IMCO
Services Division of Halliburton Company.
Both companies have worldwide barite and
bentonite mining, processing and grinding
interests.

G.0O. Vagt is with the Mineral Policy Sector, Energy,

Mines and Resources Canada.

Telephone (613) 995-9466.
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PRICES

Excess world supplies and low ocean-freight
rates continued to depress published prices
for all drilling-mud grade barite. Notably,
low-cost crude barite from China continued
to affect western world prices. Prices in
the range of $US 200-400 for barite used in
smaller quantities in chemical and filler/
extender markets remained about the same.

United States prices of barite as reported in

Engineering and Mining Journal*, of
December 1986.
$ per short
ton

Unground
Chemical and glass grade:

Hand picked, 95% BaSO4,

not over 1% Fe 90.00
Magnetic or flotation, 96-98%
BaSO4, not over 0.5% Fe 116.00

Imported drilling mud grade,
specific gravity 4.20 - 4.30,
cif Gulf ports 26.00-39.00

Ground

Water ground, 95% BaSOy4
325 mesh, 50-1b bags 70.00-165.00

Dry ground, drilling mud grade,

83-93% BaSO4, 3-12% Fe,
specific gravity 4.20-4.30 60.00-90.00

Imported

Specific gravity 4.20-4.30 40.00-55.00

1 published by McGraw-Hill.

USES

Principal specifications for barite used in
well-drilling usually require a minimum
specific gravity of about 4.2, a particle size
of 90-95 per cent minus 325 mesh, and a
maximum of 250 ppm soluble alkaline earths,
as calcium.

Barite is used in paint as a special filler
or "extender pigment". This is a vital con-
stituent that provides bulk, improves consis-
tency of texture, surface characteristics and
application properties, and controls prime
pigment settling and viscosity. Speci-
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fications for barite wused in the paint
industry call for 95 per cent BaSQO4, particle
size at least minus 200 mesh, and a high
degree of whiteness or light reflectance.
Final "wet milled" and "floated" products
result in smooth micro-crystalline surfaces
that prevent agglomeration, thus allowing
easy dispersal in water as well as in
oil-soluble binders. When barite is used in
highly pigmented distemper or latex paints,
a degree of light scattering is attributed to
the barite, thereby allowing it to function as
a pigment.

The glass industry uses barite to
increase the workability of glass, to act as a
flux, assist decolouration and increase the
brilliance or lustre of the product.
Specifications call for a minimum of 96 to
98 per cent BaSO4, a particle size range of
40 to 140 mesh and usually a magnetically
separated ore is used with iron often
reduced to 0.1 per cent. However,
producers of fine glassware use precipitated
barium carbonate to circumvent impurity
problems  often associated with natural
barite.

The specifications for natural barite
used as a filler in rubber goods vary, but
the main factors are whiteness and particle
size range. For general filler and extender
uses most manufacturers want a product that
is virtually all minus 325 mesh. Colour is
important to many users.

CANMET R&D

Barite samples from four deposits in Nova
Scotia and one in Newfoundland were studied
with a view to evaluating the available
resources of mud-grade barite suitable for
offshore oil- and gas-well drilling.

The Nova Scotia samples, from
Scotsville, Lake Ainslie, Pine Brook and
Brookfield, were investigated by dry- and
wet-gravity separation methods including
tables, jigs, and spiral classifiers. In
addition, high intensity magnetic separation
was used to evaluate the Brookfield samples
which contain siderite as the main impurity.
Also, recovery of barite from the Lake
Ainslie and Pine Brook reject fines was
further investigated by froth flotation.
Results of this study, summarized in
CANMET report MPP/MSL 86-95, 'A Study of
the Processing of Barite Samples from
Selected Deposits in Nova Scotia', demon-
strated the potential for the recovery of
significant quantities of drilling-grade barite



from each of the noted four deposits.
Fundamentally however grade and recovery
of final products is very dependent on the
effective 'freeing' of contained impurities
prior to gravity and/or magnetic separation
and the treatment of reject fines by
flotation.

Recovery of barite contained in the
tailings sample from the Buchans,
Newfoundland lead-zinec mine and mill was
investigated by gravity separation using
both a 'pinched sluice' and a spiral classi-
fier. The objective was preconcentration
producing an upgraded feed for subsequent
treatment by flotation. Unpublished results
indicate a significant upgrading of the
contained barite by removal of the plus 100
mesh, low-grade fraction followed by spiral
treatment of the minus 100 mesh fines.
Results of the pinched sluice test were
inconclusive.

Completion of a summary report on
barite, celestite and fluorite deposits in
Canada is scheduled for 1987. This report
will reference major Canadian occurrences
and briefly summarize related past and
present research and development.

Mineral Development Agreements

Federally-funded MDA studies related to

barite include:

- Nova Scotia Barite, DSS File No.
0750Q.23440-5-9059

- Pine Brook, Cape Breton, Barite, DSS
File No. ST38.23440-6-9083

For further information on R & D
relating to barite, the contact at CANMET is
R.K. Collings, 613-995-4029.

OUTLOOK

The demand for barite in 1987 is expected to
increase based on confidence generated by
the year-end announcement that the leading
OPEC countries agreed to reduce oil produc-
tion for the first-half of 1987 and to return
to fixed export prices. In 1986, only about
6,300 wells or 7.9 million m were drilled in
Canada according to preliminary statistics,
whereas in 1985 about 11,700 wells or 12.9
million m were drilled. Clearly, well-drilling
activity will be based on expectations for
higher prices in addition to the optimism
arising from changed regulatory and tax
regimes at both federal and provincial levels
of government.

Barite and Celestite

With more delineation drilling needed to
confirm reserves offshore, additional supplies
of barite will be required. There is poten-
tial for discovery and development of barite
deposits in most regions, however sources
from abroad will likely continue to compete
with domestic producers as long as excess
world capacity and low ocean~-freight rates
prevail.

CELESTITE (STRONTIUM)
SUMMARY

There has been no Canadian production of

celestite (SrSO4) since Kaiser Celestite
Mining Limited, a subsidiary of Kaiser
Aluminum & Chemical Canada Investment

Limited, closed its mining operation at Loch
Lomond, Nova Scotia and its strontium
products plant at Point Edward, Nova Scotia,
in 1976. Timminco Limited, the new owner
of the McCrae deposit at Enon, Cape Breton
County, carried out some exploration and
bulk sampling for analytical and metallurgical
tests. Also, at Beckwith in Cumberland
County, the company did some drilling and
bulk sampling. Overall plans are to prove
up sufficient reserves to justify a mine to
supply raw material to the company's plant in
Haley, Ontario. Timminco, the only pro-
ducer of strontium metal in North America,
plans to increase production of both stron-
tium and magnesium at its Haley plant. Sup-
plies of strontium carbonate, the necessary
intermediate compound derived from celestite,
are presently imported from Europe.

NORTH AMERICAN SCENE

North American consumers continue to
depend totally on imports of strontium
minerals. The strontium mining industry in

the United States has been dormant since
1959, and Mexico and West Germany are the
major suppliers of celestite and strontium
compounds to the U.S. market.

In the United States, imports of
strontium minerals and strontium compounds
for consumption in 1986 were an estimated
16 500 t and 3 000 t, respectively.

USES

Celestite is used to produce commercial
strontium compounds, principally strontium
carbonate and strontium nitrate. Strontium
carbonate is primarily used in glass face-
plates for colour television picture tubes
where it improves the absorption of X-rays
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emitted by the high wvoltage tubes. Other
uses include pyro-technics and signals, and
ferrite ceramic permanent magnets used in
small electric motors. In the sulphate form
strontium is used for purifying electrolytic
zinc.

Mineral Development Agreements

A federally~-funded MDA study related to
celestite is:
- Nova Scotia Celestite, DSS File No.

035Q.23440-6-9031.

For further information on R&D relating

PRICES

United States prices of celestite according to
Chemical Marketing Reporter, December 19,
1986

$ per short ton

Strontium carbonate
glass grade, bags,

truckload, works 745.00

$ per 100 pounds

Strontium nitrate,

to strontium, the contact at CANMET is bags, carlot, works 51.50
R.K. Collings, 613-995-4029.
TARIFFS
Most
British Favoured General
Item No. Preferential Nation General Preferential
(%)
CANADA
49205-1 Drilling mud and additives free free free free
68300-1 Barytes free 10 25 free
92818-1 Barium oxide, hydroxide 1.9 1.9 25 1
peroxide
92842-1 Barium carbonate 10 12.8 25 8.5
93207-5 Lithopone free 10.8 25 free
MFN REDUCTIONS UNDER GATT 1986 1987
(effective January 1 of year given)
92818-1 1.9 free
92842-1 12.8 12.5
93207-5 10.8 10.5
UNITED STATES (MFN)
Barium carbonate:
472.02 Natural, crude (witherite) free
472.06 Precipitated 0.4¢ per pound

Barium sulfate:

472.10 Natural, crude (barytes) $1.27 per ton
472.12 Natural, ground (barytes) $3.25 per ton
472.14  Precipitated (blanc fixe) 0.2¢ per pound
473.72 Lithopone 2.3
473.74 Lithopone 4.0
472.04 Barium carbonate, natural
ground (witherite) 4.4 4.2
Sources: The Customs Tariff, 1986, Revenue Canada, Customs and Excise. Tariff Schedules

of the United States Annotated 1986, USITC Publication 1776.

No. 241.
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Barite and Celestite

TABLE 1, CANADA, BARITE PRODUCTION AND TRADE, 1984-86 AND CONSUMPTION, 1983-85

1984 1985 1986P
(tonnes) ($000) (tonnes) ($000) (tonnes) (3000)
Production (mine shipments) 64 197 6,974 71 049 5,503 36 888 4,635
(Jan.-Sept.)
Imports
United States 6 485 645 7 033 820 8 418 834
Ireland - - 8 011 381 - -
Netherlands 609 167 489 170 450 170
Morocco 10 594 890 11 020 808 - -
Other - - 34 13 7 1
Total 17 688 1,702 26 587 2,192 8 875 1,005
Exports
West Germany - - - - . 1
United States 1 248 314 1 679 479 4 005 758
Total 1 248 314 1 679 479 4 005 759
1983 1984 1985P
Consumption1
Well drilling® 60 000 64 000 51 000
Paint and varnish 1 484 1 449 1 526
Other2 4 200 6 119 6_758
Total® 65 684 71 568 59 284

Sources: Energy, Mines and Resources Canada; Statistics Canada.
Available data reported by consumers with estimates by Energy, Mines and Resources

Canada. Does not include inventory adjustments. Other includes plastics, bearings and
brake linings, foundries, chemicals, explosives, glass and glass products, etc.
P Preliminary; © Estimated; - Nil; .. Not available.
TABLE 2. CANADA, BARITE PRODUCTION TABLE 3. WORLD BARITE PRODUCTION,
TRADE AND CONSUMPTION, 1975, AND 1985
1980-86
Country Tonnes
Pro- Consump-
duction! Imports  Exports  tion® China® 998
($) (tonnes) United States 670
India 608
1975 2,305,819 4 479 45 606 40 229 U.S.S.R.® 540
1980 4,380,000 45 157 645 138 829 Mexico 490
1981 5,124,000 16 278 405 94 027 Morocco 425
1982 2,359,000 23 457 482 25 477 Ireland 220
1983 4,869,000 29 952 795 65 684 Thailand 172
1984 6,974,000 17 688 1 248 71 568 Germany, Federal Republic of 170
1985 5,503,000 26 587 1 679 59 284P Peru 163
1986P 4,635,000 . France 150
1986P Italy 100
(9 months) 8 875 4 005 .. Canada 71
Yugoslavia 36
Other Market Economy
Sources: Energy, Mines and Resources Countries 1 017
Canada; Statistics Canada. Other Centrally Planned
Mine shipments. Economies® 248
P Preliminary; € Estimated; .. Not available. 6 078

Sources: United States Bureau of Mines and
Energy, Mines and Resources Canada.
€ Estimated.
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Bentonite

G.O. VAGT

Three companies presently mine and process
bentonite in Canada. Statistics on produc-
tion and exports are not published for
reasons of confidentiality. Imports have
traditionally served almost the entire needs
of the iron ore pelletizing industry and much
of the requirements of other sectors.
Relatively small quantities of activated
bentonite from Manitoba are exported to the
United States.

Bentonite consumption, mainly centered
in Quebec and Ontario, grew substantially in
the 1970s, largely with increased use as a
binder for pelletizing iron ore concentrates.
However, the first half of the 1980s
witnessed an overall decline in consumption
as the Canadian iron ore industry suffered
from reduced demand.

Bentonite-related
standardized
confusing,

terminology is not
internationally and may be
particularly when  trade is
involved. Basically, bentonite is a clay of
varied chemical composition consisting
primarily of the mineral montmorillonite a
member of the smectite group of clay
minerals. "Smectite", as a group name,
replaces confusing terminology that includes
"montmorillonite" as both mineral species and
group names.

Bentonite may originate from smectitic
clays formed from volcanic ash, tuff or
glass, other igneous rocks, or from rocks of
sedimentary or uncertain origin. The
deposits occur in relatively flat-lying beds
having various chemical compositions and
mineral impurities. Natural clay may be
creamy white, grey, blue, green or brown;
and, in places, beds of distinctly different
colour are adjacent. Fresh moist surfaces
are waxy in appearance; on drying, the
colour lightens, and the clay has a distinc-
tive cracked or crumbly texture.

Montmorillonite is a hydrated aluminum
silicate with weakly-attached cations of
sodium and calcium which impart different
properties to bentonite depending on amounts

and proportions present. One method of
classifying bentonite is based on its swelling
capacity when wet. With sodium as the
dominant or abundant exchangeable ion,
swelling of about 10 times the original dry
volume will occur, and when added to water,
gel-like masses result. Sodium bentonite
also possesses a high dry-bonding strength,
especially at high temperatures, a feature
important in the pelletizing of iron ores and
in the manufacture of some ceramic products.

Montmorillonite clays have ion-exchange
properties and, by adsorption, absorption
and chemical activity, bentonite can collect
many types of inorganic and- organic com-
pounds, sometimes selectively. In general,
the non-swelling or calcium bentonites
exhibit the more pronounced adsorptive
characteristics. While naturally-occurring
clays may exhibit adsorptive or bleaching
properties, their efficiencies are commonly
improved by acid leaching or, as the process
is generally termed, activation.

Another clay, ‘"fuller's earth", also
contains mainly smectic-group clay minerals
and is very similar  to non~-swelling
bentonite. These clays are non-plastic,
usually high in magnesia and have natural
bleaching and absorbent properties allowing
their use for decolourizing and purifying.

CANADIAN INDUSTRY AND
DEVELOPMENTS

Known Canadian bentonite occurrences are
confined to Cretaceous and Tertiary rocks at
many localities in Manitoba, Saskatchewan,
Alberta and British Columbia. Although clay
beds occur in rocks older than Cretaceous in
Canada, none of these have been identified
as bentonite.

Pembina Mountain Clays Incorporated
mines non-swelling bentonite from the Upper
Cretaceous Vermillion River Formation, 30 km
northwest of Morden, Manitoba, which is
130 km southwest of Winnipeg. Some
bentonite is dried and pulverized in a plant

G.0. Vagt is with the Mineral Policy Sector, Energy,
Mines and Resources Canada. Telephone (613) 995-9466.



at Morden, but the bulk of production is
railed from Morden to the company's activa-
tion plant at Winnipeg, where it is leached,
washed, filtered, dried, pulverized and
bagged. The main use is for decolourizing
and purifying mineral and vegetable oils,
animal fats and tallows. Highly sorptive
properties also make this bentonite suitable
for pet litters and floor sweeping com-~
pounds.

In Saskatchewan, Avonlea Mineral
Industries Ltd. operates a processing plant
in Wilcox, approximately 30 km south of
Regina. Raw material is transported a
distance of approximately 20 km to the
60 000 tpy plant. Major uses of the final
product are for well-drilling muds by the oil
industry, as a binder in foundry sands, for
civil  engineering applications such as
reservoir sealing, and for pelletizing animal
feeds.

In Alberta, Dresser Minerals Division of
Dresser Industries, Inc. recovers swelling
bentonite from the Edmonton Formation of
Upper Cretaceous age. The deposits are in
the Battle River Valley, 14 km south of
Rosalind, the site of the company's
processing plant. The bentonite is mined
selectively from relatively shallow paddocks
or pits in the dry summer months. Some
natural drying may be done by spreading
and harrowing material before trucking it to
the plant for drying, pulverizing and bagg-
ing. This bentonite, of intermediate swelling
quality, may be used as a foundry clay, as
a sealer for farm reservoirs, as feed
pelletizing  material, as a  drilling-mud
additive, as an additive to water for fire
fighting and as a soil stabilizer.

USES, CONSUMPTION AND TRADE

Bentonite, in addition to having many uses
by itself also serves as a minor constituent
to impart favourable characteristics to many
products. Major industrial uses are widely
distributed geographijcally with iron ore
pelletizing located in Quebec and Ontario,
foundries mainly in Ontario and well drilling
mainly in western Canada.

Select swelling bentonite, used as a
binder in the pelletizing of iron ore
concentrates, currently accounts for about
54 per cent of the reported total consumption
of bentonite in Canada. About 8 kg is used
in every tonne of concentrate to provide
pellets with sufficient "green" strength to
withstand handling during the drying and
firing stages. Quantities required vary with

the mineralogy
concentrate.

and particle size of the

Consumption of bentonite in the oil-
and gas-well drilling industry is subject to
considerable fluctuation not necessarily
directly related to the footage drilled.
Influencing factors include the type of
formation being drilled, geographic location
and hole depth.

The required muds contain about 10 per
cent swelling bentonite, which is used
principally to prevent the loss of drilling
fluid into permeable zones by forming a mud
cake on the wall of the drill hole. Of equal
importance, swelling bentonite acts as a
suspension agent to carry drill cuttings in
water-based muds to the surface. Synthetic
bentonite {sodium-exchanged calcium
bentonites) may also be used in special
muds, depending upon the cost and avail-
ability of natural swelling Tbentonites.
Bentonite wused in well drilling currently
represents about 22 per cent of Canadian
consumption.

Swelling bentonite also serves as a
binder in moulding sands used in iron and
steel foundries. This application accounts
for approximately 21 per cent of total
Canadian bentonite consumption. Similarly,
this type of bentonite serves as a binder in
stock feeds. Small quantities are used as a
plasticizer in abrasive and ceramic mixes and
as a filler in paints, paper, rubber,
pesticides, cosmetics, medicinal products,
and cleaning and polishing compounds.
Engineering applications are: in grout for
sealing subsurface water-bearing zones,
dams and reservoirs; as additives to
cements, mortars and concretes to suppress
bleeding of the mixing water; as a compact-
ing agent for gravels and soils; and as a
ground stabilizing medium for excavations
when used in a bentonite-water suspension.
Bentonite slurry is also effective in fighting
forest fires.

Some non-swelling bentonite is used in
pelletizing stock feed, as a carrier and
diluent for pesticides, and as a cleaning
powder for animals.

Activated bentonite is used in
decolourizing mineral and vegetable oils,
animal fats, waxes, beverages and syrups.
It is also used in some countries as a
catalyst in the refining of fluid hydro-
carbons.



Bentonite production in the United
States was an estimated 2.5 million t in 1986
compared to 2.9 million t in 1985. Deposits
in Wyoming and Montana account for more
than 80 per cent of total United States
production. In Wyoming, the Cretaceous
Fort Benton Formation has traditionally
provided the world's most outstanding
swelling bentonite along with the customary
specifications and standards. Although
there are numerous occurrences of bentonite
in many countries, it is mined in only a
few. Canada is by far the main importer
from the United States, which also ships
some bentonite throughout the world. The
distribution of United States consumption
contrasts significantly with that of Canada.
Estimates of bentonite uses in the United
States reveals drilling mud accounts for 40
per cent of market demand, foundry sand
bond accounts for 21 per cent, while iron
ore pelletizing accounts for 14 per cent.

A variety of fuller's earth, mainly
comprising attapulgite, a lath-shaped clay
mineral, was produced primarily in Florida
and Georgia. Additional types of fuller's
earth, mainly comprising montmorillonite,
were produced in seven other states.

RESEARCH AND DEVELOPMENT

As part of a five-year review program on
industrial minerals and related research,
CANMET completed a review of past research
on domestic deposits of bentonite and
updated files on occurrences and current
industry activity. Equipment has been
assembled to assist in the further character-
ization of domestic bentonites.

Bentonite

There is potential for increasing the
current use of bentonite in waste manage-
ment relating to controlling seepage into
groundwater. One particular field of future
interest involves the use of certain types of
bentonite, along with other materials, as
backfill and buffer material for sealing
cavities that may eventually be used to
contain nuclear wastes.

For further information on bentonite R&D
at CANMET, contacts are:
R.K. Collings and S5.5.B. Wang
(613) 992-8794.

OUTLOOK

Demand for well-drilling grade bentonite has
been very volatile in the past, however it is
expected that this use will account for most
of the increase in North American bentonite
consumption, forecast between 2 and 4 per
cent to 1990. Experts consider that some of
the new mud systems using polymers will
reduce bentonite consumption but the typical
well will be drilled using conventional mud
systems.

Demand for pelletizing grade bentonite
is expected to remain flat. Over the first
half of this decade Canadian iron ore pro-
ducers closed two pelletizing operations and
expanded one. Existing pelletizing capacity
now is expected to meet demand for the rest
of the decade. Transportation costs to
distant pelletizing plants often add con-
siderably to the cost of natural swelling
Wyoming bentonite. For this reason,
Quebec-based iron ore producers have
imported increasingly from offshore sources,
primarily Greece.



TARIFFS

Most
British Favoured General
Item No. Preferential Nation General Preferential
(%)

CANADA
29500~1 Clays, not further

manufactured than ground free free free free
93803-2 Activated clay 10 12.8 25 8.5
20600-1 Fuller's earth, in bulk free free free -
MFN Reductions under GATT 1986 1987
(effective January 1 of year given) (%)
93803~2 Activated clay 12.8 12.5
UNITED STATES (MFN) (cents per long ton)
521.61 Bentonite 40 40
521.51 Fuller's earth - not

beneficiated 25 25
521.54  Fuller's earth, bulk 50 50

(cents per lb + % ad valorem)

521.87 Clays, artificially 0.01 -

activated, etc. 2.9% 2.5%

Sources: The Customs Tariff, 1986, Revenue Canada; Customs and Excise. Tariff Schedules of
the United States Annotated (1986), USITC Publication 1775. U.S. Federal Register, Vol. 44,
No. 241.

TABLE 1. CANADA, BENTONITE IMPORTS!

PRICES AND CONSUMPTIONZ, 1970, and 1975-86
United States bentonite prices according to Con-
Chemical Marketing Reporter, December 29, Imports sumption
1986 (tonnes) ($000) (tonnes)
$ 1970 351 066 5,590 285 671
1975 287 886 9,388 286 109
Bentonite, domestic, bulk, 1976 367 162 10,244 335 553
carlots, fob mines 1977 481 213 13,757 346 698
West Coast, per short ton 43.50 1978 367 931 14,893 264 894
1979 655 043 29,571 345 083
1980 490 714 27,982 248 585
1981 326 456 22,088 286 359
1982 252 481 22,100 182 266
1983 199 967 19,924 197 429
1984 353 784 25,942 265 289
1985 363 995 31,950 285 979
19863 228 983 20,160 ..
Sources: Energy, Mines and Resources
Canada; Statistics Canada.
1 i{ncludes bentonite, fuller's earth and
activated clays and earths. 2 Includes only
bentonite and fuller's earth. 3 First

9 months of 1986 only.
Not available.
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TABLE 2. CANADA, BENTONITE IMPORTS 1982-861 AND CONSUMPTION, 1982-85

Jan.-Sept.
1982 1983 1984 1985 1986
(tonnes) ($000) (tonnes) ($000) (tonnes) ($000) (tonnes) ($000) (tonnes) ($000)
Imports
Bentonite
United States 160 050 7,991 109 720 5,213 243 746 10,050 280 942 14,304 143 771 7,075
Greece 77 981 4,320 77 472 4,318 93 194 5,226 64 901 3,707 71 602 3,903
West Germany - - 36 14 91 29 177 85 21 3
Other - - - - 23 2 - - 5
United Kingdom - - - - - - 72 13 - -
Total 238 031 12,311 187 228 9,545 337 054 15,307 346 092 18,109 215 399 10,981
Activated clays and earths
United States 10 700 7,529 9 319 7,691 10 180 8,047 10 728 11,354 7 592 7,130
France 2 500 Z,325 2 574 2,306 2 398 2,062 1 703 1,554 1 626 1,447
West Germany 168 129 256 248 1 1 506 370 497 265
Greece 1 1 - - ~ - - - - -
Italy - - 21 33 ~ - - - - -
Guyana - - 14 17 ~ - - - - -
United Kingdom - - 19 7 - - 1 2 2 13
Total 13 369 9,714 12 203 10,304 12 579 10,110 12 938 13,280 9 717 8,855
Fuller's earth
United States 1 081 75 536 75 4 151 525 4 965 561 3 867 324
Consumption2 (available data) 1982 1983 1984 1985P
(tonnes)
Pelletizing iron ore 127 737t 112 181 148 328 155 494
Well drilling 21 860 34 917 46 472 63 918
Foundries 29 042 46 173 63 709 59 201
Fertilizer stock and poultry feed 158 221 2 420 2 657
Paint and varnish 556 533 621 910
Other products3 2 913 3 404 3 739 3 799
Total 182 266 197 429 265 289 285 979
Sources: FEnergy, Mines and Resources Canada; Statistics Canada.

Figures for 1986 include first nine wmonths only.

2 Does not
rubber

clay products,

3 Refractory brick mixes, cements, heavy
miscellaneous minor uses.
- Nil; P Preliminary; ¥ Revised; .. Not available.

include activated clays
products,

chemicals,

and earths or fuller's earth.

paper

products and other

ajyuoluag



Beryllium

G. BOKOVAY

Beryllium is a gray, corrosion-resistant metal
with a specific gravity of 1.85, which is
between that of aluminum and magnesium.
The metal has a tensile strength considerably
greater than either of these two metals, a
high melting point (1290°C), fatigue resis-
tance characteristics at high temperatures,
good electrical and thermal conductivity and
unique nuclear moderating and reflecting
properties.

Beryllium is wused in a variety of
military and industrial applications in metal,
alloy and oxide forms, despite its relatively
high price. In recent vyears, the largest
and fast growing market has been in the
electrical and electronic sectors where it is
used as an alloying agent for copper.
However, after recording phenomenal growth
in 1984, demand fell in 1985 in response to a
downturn in the eclectronics industry. While
it was reported that beryllium consumption
recovered somewhat in 1986, the level of
demand was expected to remain below that
recorded in 1984.

With forecast increases in both the
number and size of markets for beryllium
products, particularly in the high-tech field,
the outlook for this commodity is extremely
positive. However, this optimism must be
tempered by the fact that the beryllium
industry is extremely small and will remain
relatively so. Moreover, growth is expected
to be somewhat erratic as a result of rapidly
changing technology and the variable nature
of defence programmes.

Canada does not produce beryllium or
beryllium minerals, but this could change in
the next decade in view of a large high
grade deposit which has been identified at
Thor Lake in the Northwest Territories.
The United States, the largest consuming
nation, has significant beryllium reserves.
However, ownership changes affecting a
large share of the U.S. fabricating sector,
concern over the quality and ease of extrac-
tion of U.S. beryllium  deposits, and

apparent desire of U.S. authorities to
conserve a so-called strategic material,
favour a Canadian development in the next
decade.

PRODUCTION OF BERYLLIUM MINERALS

Beryllium is produced commercially from two
minerals, beryl and bertrandite. Beryl
(3Be0.Al203.65i02), which occurs in pegma-
tite dykes, is hand-picked and cobbed to
remove gangue minerals adhering to the
beryl crystals. The separation of beryl by
mechanical or flotation techniques is difficult
because the densities of beryl and associated
minerals are similar. Since beryl production
is labour intensive, beryl is principally
mined in developing countries. Brazil is the
largest producer in the western world.

Beryl has been mined in Canada
although there has been no production in
recent years.

Bertrandite (Beg Sizp O7 (OH)2), which
has been mined in the United States since
1969 by Brush Wellman Inc., has become the
most important source of beryllium metal in
the western world. The company operates
an open-pit bertrandite mine in the volcanic
tuff beds of the Topaz - Spor Mountain area
of western Utah.

World reserves of beryllium minerals are
very large in relation to current rates of
extraction. At the end of 1985, Brush
Wellman  estimated its ore reserves at
5.12 million t grading 0.64 per cent
beryllium oxide (BeO). World reserves
outside China have been estimated by the
U.S. Bureau of Mines at 382 000 t of
contained beryllium.

CANADIAN DEVELOPMENTS

The Thor Lake deposit of Highwood
Resources Ltd. in the Northwest Territories,
which was first staked in 1970 as a potential
source of uranium, is considered to be one

G. Bokovay is with the Mineral Policy Sector, Energy,

Mines and Resources Canada. Telephone (613) 995-9466.
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of the most promising beryllium prospects in
the western world. To date, exploratory
drilling has identified at least 1.63 million t
grading 0.85 per cent BeO within the so-
called north section of the T zone containing
400 000 t grading 1.4 per cent BeO. The
company has reported that the deposit is
amendable to open-pit mining. Unlike other
known beryllium deposits, Thor Lake is
somewhat unique in that Dberyllium is
contained with the mineral phenacite
(Be2 Si O4). However, initial test work has
achieved encouraging results in terms of
concentrate grade and mineral recovery. In
addition to beryllium, the Thor Lake deposit
also contains significant amounts of yttrium,
rare earths, niobium, gallium and zirconium.

During 1986, Highwood and Hecla
Mining Company of Canada Ltd., a sub-
sidiary of Hecla Mining Company of the
United States, signed a definitive agreement
to enter into a joint venture for commercial
development of the Thor Lake deposit.
Under the terms of the agreement, Hecla
will, in return for a 50 per cent interest in
the property, reimburse Highwood for half of
the $8 million already spent on the site by
that company as well as provide financing
for mine development and downstream facili-
ties. The cost of such development has
been estimated at $US 30 million.

As a first step, Hecla plans to complete
a feasibility and marketing study for the
project within eighteen months, with full-
scale pilot plant metallurgical  testing
expected to begin in March or April of
1987. Assuming favourable results, the
Thor Lake mine could begin commercial
production in 1988.

There have been no recent indications
as to the size of the mining operation which
is envisaged, although it was reported
during 1985 that Highwood was considering a
production target of about 450 tpy of
beryllium concentrate grading 14 per cent
BeO, with recovery of yttrium. It has been
reported, however, that the joint venture
will examine the feasibility of producing
beryllium hydroxide. At the present time,
Brush Wellman Inc. of the United States is
the only fully integrated beryllium producer
in the western world and the only firm with
primary processing facilities.

While the Thor Lake deposit is the most
advanced and most promising beryllium
prospect in Canada, a number of other
occurences have attracted significant interest
in recent years. These include the

Hellroaring Creek deposit of Bearcat Explora-
tions Ltd. in British Columbia, the York
County, New Brunswick prospect of Shediac
Bay Resources Inc. and the Strange Lake
deposit of the Iron Ore Company of Canada
(IOC) on the Quebec/Labrador border.

WORLD PRODUCTION AND DEVELOPMENTS

The United States, the U.S5.S5.R. and the
People's Republic of China are the only fully
integrated beryllium  producers in the
world. Production data for the United
States are withheld to conform with confiden-
tiality regulations, since Brush Wellman Inc.
is the sole primary producer.

Brush Wellman produces beryllium
hydroxide at a plant in Delta, Utah from
bertrandite concentrate from the company's
nearby open-pit mines and from imported
beryl ore. The output of the Delta plant is
converted to metallic beryllium, beryllium
alloys and beryllia ceramics at other plants.

At Delta, a new beryl furnace designed
to handle lower grade beryl ore (7 per cent
BeO) was brought on stream in 1984. How-
ever, it is reported that technical problems
continue to plague this circuit.

During 1985, Brush undertook a
development program at its bertrandite mine
to create two new open pits. The $US 10
million project was expected to be completed
during 1986.

In  addition to the processing of
beryllium ore for its own account, Brush has
also processed ore on a toll basis for Cabot
Corporation, a large U.S. producer of
beryllium-copper alloys. Although Cabot
sold its beryllium division to NGK Insulators
Ltd. of Japan (also a beryllium fabricator) in
September 1986, it is expected that the toll-
ing arrangement will remain in place. As
the second largest consumer, after Brush
Wellman, of beryllium hydroxide, the basic
intermediate material required for downstream
products, there is strong speculation that
NGK may be interested in developing its own
source of supply or alternatively securing
supplies from an independent third party
such as the Highwood/Hecla joint venture in
Canada.

The list of alternatives also includes
several U.S. prospects. During 1986,
Cyprus Minerals Company signed a letter of
intent with Cabot Corporation to form a joint
venture to develop the latter's Sierra Blanca
deposit in Texas. To date, exploration on



the site has outlined reserves of more than
11 000 t of BeO with an ore grade of over
2 per cent. A feasibility study and mine
development work have been scheduled for
the next two vyears. Also during 1986,
Emery Inc. and Cominco American
Incorporated, a unit of Cominco Ltd.,
announced that they had signed a letter of
intent concerning the mining and milling of
beryllium from Emery's, Juab County, Utah
bertrandite deposit. A feasibility study
including a market study, metallurgical
testing and further drilling is planned.

It has been reported that the People's
Republic of China is planning to build a new
beryllium oxide plant in the Zinjiang Uygur
autonomous region. China is believed to
have one of the largest reserves of beryllium
in the world.

USES

Although beryllium metal and its inter-
mediates are relatively expensive, its unique
properties have found application in a wide
range of goods, although in small quanti-
ties. The consumption of beryllium in the
United States in 1983 was estimated at
40 per cent for nuclear reactors and aero-
space applications, 36 per cent for electrical
equipment, 17 per cent for electronic equip-
ment and 7 per cent for miscellaneous uses.
It is estimated that 65 per cent of the
beryllium is consumed in beryllium alloys,
principally beryllium-copper, 20 per cent as
beryllium metal, and 15 per cent as beryllium
oxide.

Beryllium-copper alloys, which account
for a major portion of the total beryllium
consumption, may contain anywhere from 0.3
to 2.0 per cent beryllium. In general,
beryllium-copper alloys are much stronger
and harder than pure copper, and still have
good electrical conductivity. In addition
these alloys have good corrosion resistance
and low magnetic susceptibility. Beryllium-
copper alloys are produced in a variety of
shapes including bars, casting ingots,
extrusions, plate, rod, strip, tube and wire.

Applications of Be-Cu alloys include:
precision mechanical and electro mechanical
springs; electrical/ electronic connectors,
sockets, contacts, relays, and switches;
diaphrams; dies; injection molds for plastics;
non-sparking tools; undersea cable housings;
bushings; welding tips; and certain applica-
tions in oil and gas drilling housings,

Beryllium

measurement systems and ‘drill string compo-
nents. In the United States, Be-Cu master
alloys and products are produced by Brush
Wellman Inc. and NGK Metals Corp.

Beryllium-nickel alloys have many of the
same properties as Be-Cu alloys except that
they can be used in higher temperature
applications for miniature electronic con-
nector components, springs and mechanical
fasteners. Other wuses include surgical
instruments and equipment for the glass
industry.

When beryllium is added to aluminum or
magnesium, the resultant alloys are more
easily fabricated than the host metals and
have improved oxidation resistance. It has
been reported that Lockheed Missiles & Space
Co., Inc. is currently working on the
development of ultra low density aluminum
alloys that utilize lithium and beryllium.
These alloys have densities about 20 per
cent lower than current aluminum alloys,
with 40 to 60 per cent greater stiffness and
comparable strength.

Beryllium has also been identified as a
potentially useful additive to high-tensile
stainless steels although current production
is thought to be limited.

For products made of beryllium metal,
powder metallurgy is the preferred method of

fabrication since «coarse crystals develop
when the metal is cast. Use of this expen-
sive metal is justified by its superior

strength and stiffness relative to density in
structural aerospace applications, inertial
guidance system components, space-borne
optics and aircraft brakes.

At the end of 1986, Brush Wellman
announced a new process called "near-net-
shape" which promises to significantly reduce
the cost of beryllium parts. Whereas con-
ventional parts are machined to shape from
blocks, the new process produces parts that
require only nominal machining. In addition,
the process also improves the strength of
the final product.

Beryllium metal's high moderating ratio
and high neutron reflection properties have
led to its use in nuclear applications despite
embrittlement after long exposure to
radiation.

Beryllium oxide ceramics have excellent

insulating properties, high thermal conduc-
tivity and thermal shock resistance. The
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principal applications for this material are as
components in  electrical packages and
substrates for high performance computers,
ion lasers, defence electronics, microwave
systems, telecommunications and automobile
electronics.

The inhalation of small concentrations of
beryllium dust or fumes has been recognized
as the cause of berylliosis, a serious chronic
lung disorder. However, it appears that
health risks can be minimized by stringent
operating procedures and proper environ-
mental control equipment. As far as can be
determined, there are no health problems
associated with naturally occuring beryllium
minerals.

U.S. STOCKPILE

Beryllium is of strategic importance and the
U.S. General Services Administration (GSA)
maintains the metal in its National Defence
Stockpile. The U.S. Bureau of Mines
reported that as of September 30, 1985, the
stockpile held 268 t of beryllium-copper
master alloy and 254 t of beryllium metal,
with another 10 t expected to be added
before the end of 1985. During 1986, it was
reported that the GSA was considering
additional purchases.

OUTLOOK

Despite relatively depressed market condi-
tions for beryllium during 1985 and for part
of 1986, the long-term outlook for the indus-
try is very promising. Although miniatur-
ization in the electronics industry can be
expected to continue, overall growth in this
sector will more than compensate. Beryllium
demand should also be buoyed by further
U.S. Government purchases for its defence
stockpile as well as increased defence
spending. In this regard, the so-called
"Strategic Defence [nitiative/Starwars"
project is expected to be a major consumer
of beryllium, particularly for laser weaponry
and electronic applications.

Overall, demand for beryllium in all
forms is expected to grow at between 4 and
5 per cent annually in the next decade.

With one of the most promising
beryllium deposits in the western world,
Canada could become a major player in the
world industry either as a source of
beryllium  minerals for the established
beryllium industry in the United States or
potentially as a producer of intermediate
beryllium products.



Beryllium

TARIFFS
Most
British Favoured General
Item No. Preferential Nation General Preferential
%)
CANADA
34907-1 Copper beryllium alloys 4.1 4.1 25 free
35101-1 Beryllium metal free 4.1 25 free
MFN Reductions under GATT 1986 1987
(effective January 1 of year given) (%)
34907-1 4.1 4.0
35101-1 4.1 4.0
UNITED STATES (MFN)
417.90  Beryllium oxide or carbonate 3.7%
601.09 Beryllium ore free
628.05 Unwrought beryllium, waste
and scrap 8.5%
628.10 Beryllium, wrought 9.0%
1986 1987
(%)
612.20 Beryllium copper master
alloy 6.6 6.0
417.92  Other beryllium
compounds 3.9 3.7
Sources: The Customs Tariff, 1986 Revenue Canada, Customs & Excise; Tariff Schedules of

the United States Annotated (1986), USITC Publication 1775; U.S. Federal Register, Vol. 44,

No. 241.



TABLE 1. ESTIMATED WORLD
BERYLLIUM PRODUCTION!

1981 1982 1983 1984 1985

(tonnes)
United States
from Ber-
tradite? 144.4 105.8 135.0 118.5 111.1
from Imported
beryl3 50.7 62.5 59.1 31.2 38.9
Total 195.1 168.3 186.9 149.7 150.0
U.$.S.R.3 47.1 47.1 49.5 49.5 49.5
Totald 242.2 215.4 236.4 199.2 199.5

1 Includes the beryllium metal equivalent of
beryllium alloys and oxide. Beryllium
content of concentrate produced as reported

by Brush Wellman Inc. - 65 per cent
recovery is assumed. 3 Reported by USBM,
1985 Beryllium preprint - 65 per cent

recovery assumed.
Republic of China.

Excluding People's

TABLE 2. PRICES ($US)

Beryl ore; cif Atlantic - Ports 10% to 12% per
Stu. (Eff. 19/4/82) $90.00 - $130.00

Beryllium oxide
Uox powder GCR, GCHG (Brush Wellman)
(Eff. 2/1/85) $55.70/1b.

Beryllium containing alloys (4% BeCu)

275 C BeCu casting alloy (1/9/86)...000c....
$5.70-$6.75/1b.

165 C BeCu casting alloy (1/9/86)ccceveasan.
$5.40/1b.

245 BeCu casting alloy (1/9/86)...vuvunen.n.
$5.45-$6.15/1b.

10C BeCu casting alloy (30/06/86)cceeveccnns
$5.10-5.40/1b.

(Containing less than 0.5 per cent Mg)

Per lb. contained beryllium (1/9/86)........
$152.00

Beryllium 97%

Powder blend (200 grade), per pound
5 000 lb. lots (Eff. 10/1/85)..... $196.00
Vac. cast ingots (Eff. 10/1/85)... $225.00
f.o.b. Elmore, Ohio

Beryllium aluminum (30/6/86)

f.o.b. Reading, Pa., Detroit and
Elmore, Ohio (100,000 lb.)/lb. .... $248.00

Beryllium copper (1/9/86)

Strip (No. 25)/1b. cevveeieneneess $7.65
Rod, bar and wire (No. 25)/lb. ... $8.10

Beryllium copper master alloy

f.o.b. Reading, Pa., Detroit,
Michigan, Elmore, Ohio, per lb.
contained beryllium for 5 1b.
ingot (Eff. 1/9/86)c.ccvecearcceess $152.00

+ Beryllium copper alloys reflect a $1 per
pound base copper price. Prices fluctuate
weekly based on a predetermined copper
composite price chosen by the individual
companies.

Source: American Metal Market.



Bismuth

J. BIGAUSKAS

INTRODUCTION

Bismuth is generally produced as a
byproduct of certain lead, copper, tin,
tungsten, silver and gold ores. The
important bismuth-bearing minerals are
bismite, an oxide; bismuthinite or bismuth
glance, a sulphide; and bismutite, a carbon-
ate. Native bismuth is also mined in
Bolivia. The abundance of bismuth in the
earth's crust is estimated to be 0.00002 per
cent - about the same as silver or cadmium.

Most of the bismuth in copper concen-
trates accompanies the copper matte during
smelting. In the conversion of copper matte
to blister copper, bismuth is fumed and then
collected in the baghouse with lead, arsenic
or antimony oxide dusts. These dusts are
then processed by lead smelters.

Bismuth in lead concentrates stays with
the impure lead bullion during reduction in
the blast furnace. The first stages of pyro-
metallurgical refining produce a bismuth-
containing dross and then a bismuth-lead
alloy which may be further refined to remove
impurities, precious metals and remaining
lead and zinc. As a last step, bismuth is
given a final oxidation with air and caustic
soda or chlorine to yield a dross and a
bismuth product with purity of 99.99+ per
cent. High purity grades of 99.9999+ per
cent are also available.

Alternatively, at electrolytic lead
refineries, treatment of lead anodes leaves
pure lead on the cathode and a cell slime
which may contain bismuth. The slime is
processed to yield an impure metal, which is
then refined. Bismuth 1is leached from
roasted tin concentrates with hydrochloric
acid, precipitated as bismuth oxychloride,
reduced to metal by wet or dry methods and
then refined. Product forms from all of
these processes may include ingots, shot,
needles, powder and pellets.

CANADIAN DEVELOPMENTS

Bismuth metal is recovered at Cominco Ltd.'s
Trail, British Columbia electrolytic lead
refinery and is refined to 99.99+ per cent
purity. Some bismuth is refined further at
Cominco Electronic Materials Division for use
in electronics and research applications.
The ores of the Sullivan mine, the major
source of lead concentrate feed to the
smelter/refinery, contain traces of bismuth.

Bismuth-lead alloys are produced at
Brunswick Mining and Smelting Corporation
Limited's pyrometallurgical lead refinery at
Belledune, New Brunswick. The bismuth
refinery has been closed since 1974. Most
feed is from the Brunswick No. 12 mine in
the form of a lead concentrate with small
amounts of contained bismuth.

Byproduct recovery of bismuth in ores
and concentrates at Terra Mines Ltd.'s
Camsell River, N.W.T. silver mines was
scaled down in 1984 and halted in April 1985
because of falling silver prices and high
costs. Total production of bismuth in
Canada in 1986 was approximately 260 t,
60 t more than in 1985.

Consumption of bismuth in Canada was
approximately 7 t in 1985.

WORLD DEVELOPMENTS

Western world consumption of bismuth can
only be estimated since statistical coverage is
incomplete. Japanese consumption is esti-
mated at 350 t in 1986. Consumption in the
United States, the largest single market, is
about 1 200 t annually. European consump-
tion is estimated to be around 1 000 t while
consumption in other countries likely totalled
several hundred tonnes in 1986.

J. Bigauskas is with the Mineral Policy Sector, Energy,
Mines and Resources Canada. Telephone (613) 995-9466. 13.1



Reported net metal exports to socialist
countries, estimated at over 400 t in 1985,
likely fell in 1986. Estimated sales of over
100 t by the People's Republic of China were
reported in 1986. Offsetting this were later
purchases of 130 t by China in early-July
and reports of purchases of 120-150 t and
200 t by the socialist world made in July and
December, respectively.

Major western world mine producers of
bismuth-containing ores and concentrates are
Australia, Mexico, Peru, Canada and Japan.
These countries produce bismuth from a
variety of ores which may contain lead,
silver, copper or zinc. Mining of bismuth
ores resumed in Bolivia in 1985.

Major western world producers of
by-product bismuth at the smelting and
refining stage are Mexico, Japan, Peru, the
United Kingdom, Bolivia, Canada, United
States, the Federal Republic of Germany,
France and Belgium.

Production of refined bismuth can be
highly variable from year to year because of
the byproduct nature of production, the
large production capacity in relation to
demand, and variations in the bismuth
content of smelter feed. Estimated western
world production of refined bismuth in 1986
is under 4 000 t. World production capacity
has been estimated to be about 6 000 tpy.

ASARCO Incorporated is the sole
primary producer of bismuth in the United
States, but provides only one-tenth of total
U.S. demand. Production of bismuth is a
byproduct mainly of lead production at
ASARCO's lead refinery at Omaha, Nebraska
and its lead smelters at East Helena, Montana
and El Paso, Texas. The El Paso smelter
was shut down indefinitely in 1985 and
production at East Helena was intermittently
cut back to a five-day cycle during 1985 and
1986 because of feed shortages. Some
95 per cent of concentrate feed is sourced
outside the company.

In 1986, Industrias Penoles SA de CV
purchased the 40 per cent share of its Met~
Mex Penoles SA de CV affiliate held by
Bethlehem Steel International Corp. for
$20 million, an amount equivalent to 18 per
cent of Met-Mex Penoles' equity. The
Torreon, Mexico lead smelter/refinery of
Met-Mex has a capacity of 180 000 tpy of
lead and 500 tpy of bismuth. Production of
refined bismuth in 1985 was 372 t. The
plant is also the world's largest single silver
producer from ores and concentrates. A

short-lived strike beginning April 7, 1986
affected bismuth shipments temporarily, but
the issues were resolved by mid-month and a
force majeure declaration was avoided.

After halting mining of bismuth ores in
1980, the Bolivian producer, Corporacion
Minera de Bolivia (Comibol) resumed opera-
tions at the Tasna-Rosario deposit in Potosi
from June, 1985 to May, 1986 and at the
Queschisla mine in July, 1985. Start-up of
the 580 tpy capacity bismuth refinery at
Telemayu, after several delays, was
scheduled for September 1986, but the
restructuring of Comibol and management-
labour negotiations apparently resulted in
further delay. The World Bank later
announced that it would provide $US 45
million towards the state—owned company's
reorganization. Production was originally
targeted for 300-400 tpy of refined metal,
depending on market conditions.

The force majeure on bismuth shipments
from Empresa Minera del Centro del Peru
S.A. (CENTROMIN-Peru), the Peruvian
state~owned producer, lasted from early-
March, 1986 to mid-June, 1986 because of
labour-management-government negotiations
over wages. Production of bismuth metal at
the La Oroya metallurgical complex fell by
about 130 t as a result. Capacity of the
refinery is some 800 tpy of bismuth metal.

In the United Kingdom, Mining and
Chemical Products Ltd. (MCP) processed
bismuth ores, concentrates and bullion to
99.99 per cent and 99.997 per cent purities
as well as alloys. Production has been in
the order of "several hundred tonnes per
year" in recent years, but production was
believed to have been cut back significantly
with falling prices in 1986. Capper Pass &
Son Ltd. - a major U.K. tin producer - has
a capacity to produce 250 tpy of bismuth
(alloys).

France's Mines & Produits chimiques de
Salsigne S.A. delayed re-opening of a
bismuth-producing gold mine and bismuth
refinery originally scheduled for March,
1985. The company had hoped to begin
producing some 100 tpy of bismuth in
late-1985 or early-1986 but now expects to
re-open the plant in mid-1988.

Belgium's Métallurgie Hoboken-Overpelt
SA produces bismuth at its Hoboken lead
refinery from a variety of complex lead
and bismuth bearing materials. A five-year
(1984-89) program to diversify metallurgical
operations and improve recoveries of metals



from slag is currently under way. Refining
capacity for bismuth is about 300 tpy.

West Germany's Norddeutsche Affinerie
AG (Degussa AG 40 per cent; Metallgesell-
schaft AG 40 per cent; British Amalgamated
Metal Investments Ltd. 16 per cent; The
British Metal Corp. Ltd. 4 per cent)
produces refined bismuth at its Hamburg
copper and lead metallurgical works.
Degussa AG refines bismuth metal at its
Bonn, West Germany cadmium and bismuth
refinery.

Italy's Sameton SpA typically produces
some 30 tpy of bismuth metal from its
110 tpy refinery. Output could rise
substantially with the commissioning of the
newly constructed 84 000 tpy KIVCET lead
smelter in 1987.

Hollandse Metallurgische Industrie
Billiton BV produces refined bismuth alloys
and high purity metal at its Arnhem,
Netherlands facilities from the smelting and
refining of complex tin and tungsten ores.

In Yugoslavia, bismuth production at
Sour Rudarsko-Metalursko-Hemijski Kombinat
Olova i Cinka (Trepca Works) is a byproduct
of electrolytic refining of lead bullion from
its furnaces at Kosovska, Mitrovica.

In Japan, domestic shipments were
estimated to be some 319 t in 1985 and
exports rose to 248 t. Domestic shipments

are expected to have risen in 1986. The
major producers are Toho Zinc Co. Ltd.
(capacity 180 tpy, typical production

80-90 tpy) Dowa Mining Co., Ltd. (capacity
240 tpy, typical production 180 tpy); Nippon
Mining Company Limited (typical production

120 tpy): Mitsubishi Metal Corporation
(capacity 50 tpy, typical production
40~45 tpy); Sumitomo Metal Mining Co. Ltd.
(capacity 60 tpy, typical production

24-36 tpy) and Mitsui Mining & Smelting Co.
Ltd., (typical production 160 tpy).
Production in 1985 was 642 t of bismuth, but
was expected to be higher in 1986. In the
first half of 1986 bismuth production was
332 t or 8.2 per cent higher than in the
first half of 1985.

Korea Mining & Smelting Co. Ltd.
produces some 36 tpy of bismuth metal at its
Changhang copper-lead-tin metallurgical
works. Korea Tungsten Mining Co. Ltd.
also produces bismuth metal as a byproduct
of tungsten production.

Bismuth

In Australia, bismuth is recovered as
crusts during the refining of lead. Peko-
Wallsend Ltd. cut back its mine production
of bismuth in 1981 because of declining
prices for the major products ~ copper and
gold - at its Tennant Creek, Australia,
operation.

USES

Bismuth is used in a wide variety of appli-
cations. Fusible alloys - bismuth alloyed
with tin, lead, and cadmium, for example -
melt at specific temperatures for fire
protection systems. They are re-useable for
applications such as blocking complex shapes
for machining; grinding and polishing of
lenses and costume jewellery; and die
assembly. These alloys are also used as
moulds for plastic extrusion, as filler for
tube-bending, as solder alloys, and as
thermal fuses.

Bismuth is added to steel and aluminum
to improve machineability and to iron to
improve processes for and properties of
spheroidal graphite iron castings. Bismuth
alloys provide self-lubricating properties to
bearings. For powder metallurgy products,
bismuth alloy surface coatings are useful in
applications subject to abrasion in chemical
and food handling apparatus. Bismuth alloys
in electronic cabinetry also aid EMI, RFI,
and ESD shielding. Other electronics-related
applications include a number of electronic
components; solder, pastes and compounds;
energy storage cells; and magnetic or optical
recording devices. Nuclear-related
applications include reactor seal plugs and
cooling fluid. Bismuth can substitute for
silver for unconventional high-resolution
colour and black-and-white photographic

images. Bismuth compounds are used in
pharmaceuticals, medical diagnostics,
cosmetics and chemicals. For example,

bismuth salts are used as a treatment for
indigestion and stomach ulcers. Bismuth
oxychloride, either deposited on mica or in
dispersed form, provides a pearlescent lustre
to lipsticks, face powders, blushes, nail
color, eye-shadow and hairspray. Bismuth
is also used in metallized paints. Catalysts
containing  bismuth are also used for
production of acrylonitrile.

Research is on-going for possible uses in
metallurgical additives and alloys, electric
contacts; ceramics, glasses and electronic



devices; visual display devices; electro-
chemical applications; opto electronic
recording media; plastics/elastomers;

pigments; health and beauty care products;
and catalysts. Metallurgical research on
extraction, determination and recovery is
also carried out worldwide.

Researchers at the Japanese Research
and Development Corp. have developed a
ferromagnetic glass for opto electronic uses.
The glass is produced by rapid cooling of
molten  zinc  ferrite and bismuth iron
perdyskite - at a rate of between 100,000
and 1 million degrees Centigrade per second.

Bismuth Institute

The Bismuth Institute, incorporated in 1973
in Bolivia, is now headquartered in
Brussels. This non-profit organization is
supported by financial contributions from its
sponsors - members from Australia, Bolivia,
England, France, Japan, Mexico and Peru -
and is directed by a board which consists of
executives of member companies. The
Institute provides technical and research
information on bismuth, solicits research

PRICES

In the United States, the Metals Week Major
Producer List Price reached a nominal
$US 6.50 per pound in 1985. The market
later weakened, and this list price was sus-
pended by MCP-Peko. ASARCO Incorporated,
the only U.S. producer of bismuth, no
longer publishes a list price. European Free
Market prices for 99.99+ per cent bismuth
(tonne lots) fell from $US 3.40-3.70 per
pound at the beginning of 1986 to $2.17-2.38
by July 21 before recovering to $2.50-2.65
by the end of July. Thereafter, the price
slid to a low of $2.05-2.25 by mid-November,
1986. The price rose to $US 2.15-2.25 per
pound near the end of December.

OUTLOOK

Excess bismuth production capacity has con-
tributed to price volatility. Occasional
supply disruptions and socialist bloc pur-
chases and sales have also contributed to
market instability in this minor metal.
Existing major bismuth uses remain relatively
specialized, or are subject to material or
process-related substitution. Development of
new dissipative uses in broad applications
would enhance the stability of this market,
otherwise the outlook will likely remain

proposals and publishes a quarterly bulletin. volatile.
TARIFFS
Most
British Favoured General
Item No. Preferential Nation General Preferential
(%)

CANADA
33100-1 Bismuth, metallic, in its

natural state free free free
35106-1 Bismuth metal, not including

alloys, in lumps, powders,

ingots or blocks free 25 free
UNITED STATES (MFN) 1986 1987

(%)

601.66 Bismuth ores Remains free
632.10 Bismuth metal unwrought

and waste and scrap Remains free
632.64  Alloys of bismuth: containing

by weight not less than 30

per cent lead Remains free
632.66 Other alloys of bismuth 5.9 5.5
633.00 Bismuth metal wrought 5.9 5.5
Sources: The Customs Tariff, 1986, Revenue Canada; Customs and Excise; Tariff Schedules

of the United States Annotated 1986, USITC Publication 1775; U.S. Federal Register Vol. 44,

No. 241.



Bismuth

TABLE 1. CANADA, BISMUTH PRODUCTION, 1985 AND 1986, AND CONSUMPTION, 1983-85

1985 1986P
(kilograms) ($) (kilograms) (E))
Production, all formsl
New Brunswick 163 400 3,197,412 174 470 1,684,665
British Columbia 33 201 649,677 81 986 763,454
Ontario 1 050 20,456 3 140 29,240
Manitoba 188 3,679 95 885
Northwest Territories 3 092 60,504 20 186
Yukon Territory 558 10,919 695 6,472
Total 201 489 3,942,647 260 406 2,424,901
Imports, primary forms (Jan.-Sept.)
and fabricated materials
United States 11 127 194 12 482 130
Mexico 1 093 14 - =
Total 12 220 208 12 482 130
1983 1984 1985
(kilograms)
Consumption, refined metal
(available data)
Fusible alloys and
other alloys 6 841 8 424 5 921
Other uses 400 974 1 363
Total 7 241 9 398 7 284P

Sources: Statistics Canada; Energy, Mines and Resources Canada.

1 Refined bismuth metal from Canadian ores, plus recoverable bismuth content of bullion and
concentrates exported.

P Preliminary; - Nil.

TABLE 2. CANADA, BISMUTH PRODUC- TABLE 3. UNITED STATES CONSUMPTION
TION AND CONSUMPTION, 1970, 1975 AND OF BISMUTH BY PRINCIPAL USES, 1984
1980-86 AND 1985
Production 1984 1985
all formsl Consumption 2 (tonnes)
(kilograms)
1970 267 774 11 135 Chemicalsl 714 601
1975 156 605 29 267 Metallurgical
1980 149 366 10 271 additives 192 303
1981 167 885 10 094 Fusible alloys 276 277
1982 189 000 10 074 Other alloys 9 9
1983 253 023 7 241 Other uses? 10 9
1984 166 000 9 398 Total 1 201 1 199
1985 201 489 7 284P
1986P 260 406
Source: U.S. Bureau of Mines.
1 Includes industrial and laboratory
Sources: Statistics Canada; Energy, Mines chemicals, cosmetics and pharmaceuticals.
and Resources Canada. 2 Includes experimental uses.

1 Refined bismuth metal from Canadian ores,
plus recoverable bismuth content of bullion

and concentrates exported. 2 Refined
bismuth metal reported by consumers.
P Preliminary; .. Not available.



TABLE 4. MONTHLY AVERAGE PRICES -
BISMUTH

1984 1985

(Major producer,
$US per pound)

January 2.30 6.50
February 2.30 6.50
March 2.49 6.50
April 2.75 6.50
May 3.59 6.50
June 4.00 6.50
July 4.00 6.50
August 4.72 6.50
September 5.00 6.50
October 5.54 6.50
November 6.50 *

December 6.50 *

Year 4.14 *

Source: Metals Week.
* List Price suspended in November 1985.



Cadmium

M.J. GAUVIN

Cadmium metal is recovered principally as a
by-product of zinc smelting and refining.
Cadmium is a relatively rare element in the
earth's crust, occurring most commonly as
the sulphides greenockite and hawleyite
which are found associated with zinc sul-
phide ores, particularly sphalerite. There
are no ores specifically mined for cadmium.
Reserves at any time are a function of zinc
reserves.

Smelter residues from which cadmium is
extracted may be stockpiled in times of low
demand with the result that refined cadmium
production is not always directly related to
production of the principal metals. During
the past seven years, cadmium production in
Canada has varied from 2.1 to 2.7 kg of
cadmium to each tonne of zinc metal pro-
duced. Because of the involuntary produc-
tion of cadmium with zinc, cadmium produc-
tion currently exceeds demand and prices
have weakened.

Cadmium metal is produced in varying
shapes and degrees of purity for various
uses. The most common forms are balls,
sticks, slabs, ingots, rods and sponge.

Cadmium 1is toxic, and care must be
taken during the production and use of
cadmium and its compounds, to ensure that
exposure to fumes, dusts and effluents is
minimized. It releases fumes during thermal
treatment which quickly oxidize and these
can be inhaled or ingested. Acute exposure
can be very toxic, causing irreversible
kidney damage but there 1is said to be
insufficient evidence to consider cadmium as
an occupational carcinogen. Its toxicity was
publicized in the early 1960s when nearly 100
persons in Japan died from itai-itai disease.
Sophisticated methods are now available to
measure cadmium in the workplace and in
humans. Some provinces have instituted or
are in the process of proposing regulations
on exposure limits aimed at preventing
kidney disfunction.

Canada, in 1985, was the non-socialist
world's second largest producer of cadmium
metal, after Japan. The next three largest
producers were the United States, Belgium
and the Federal Republic of Germany.
Production of cadmium in the non-socialist
world, as reported by the World Bureau of
Metal Statistics, decreased in 1985 to
14 153 t from 15 123 t in 1984. While data
is not yet available for 1986, non-socialist
world production is estimated to be about the
same as that of 1985 and Canadian produc
tion is estimated at 1 605 t.

USES

Cadmium is a soft, ductile, silver-white,
electropositive metal. It is used mainly for
coating iron and steel products to protect
them against oxidation. Cadmium coatings
may be applied by electroplating, mechanical.
plating or vacuum and ion deposition. The
high ductility of cadmium is an advantage
where the plated parts are to be formed.
The good soldering characteristics of
cadmium plate is an advantage in electrical
applications. A cadmium coating, like a zinc
coating, protects metals that are lower in the
electromotive series by physical enclosure
and by sacrificial corrosion. Cadmium is
usually preferred to zinc as a coating
because it is more ductile, can be applied
more uniformly in recesses of intricately
shaped parts, has a more aesthetic appear-
ance and gives pgreater protection with the
same thickness of plating than with zinc
plating. Cadmium coatings are particularly
useful in the electrical, electronic,
automotive and aerospace industries.

The second largest use, according to
the Statistics Canada survey, is in the manu-
facture of pigments and chemicals. Cadmium
sulphides are used in yellow to orange
colours and cadmium sulphoselenides for
pink, red and maroon. Cadmium-containing
pigments demonstrate good reflectance, heat

M.J. Gauvin is with the Mineral Policy Sector, Energy,
Mines and Resources Canada. Telephone (613) 995-9466.
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stability and colour intensity. Cadmium com-
pounds are used as stabilizers in the pro-
duction of plastics and cadmium phosphors
are used for picture tubes in television sets.

Cadmium-bearing rechargeable alkaline
batteries, such as nickel-cadmium, silver-
cadmium and mercury-cadmium, have the
advantage of long life, maximum current
delivery with a low voltage drop, small size,
excellent performance under a wide tempera-
ture range and a low rate of self-discharge.
They find wide use in aircraft, satellites,
missiles, calculators, and a broad assortment
of portable tools and appliances.

Other uses for cadmium are catalysts in
the production of primary alcohols and
esters; low melting point alloys used in fire
detection; bearing alloys, brazing alloys and
solders; and copper hardeners for railway
catenary and trolley wires.

PRICES

North American prices, which are quoted on
a delivered basis, are best represented by

14.2

the "U.S. Producer" quotations published in
Metals Week, and European prices by the
"European sticks, free market price" quoted
by Metal Bulletin. All quoted prices are for
cadmium having a minimum purity of 99.95
per cent. Published U.S. producer prices
were $1.00/lb. at the beginning of 1986,
rose to a high of $1.35 during April and
maintained that price until the end of the
year.

OUTLOOK

In the long term, the cadmium supply will
continue to be dependent on trends estab-
lished by the zinc industry. As the level of
metal production is determined by the amount
of zinc metal production, periods of over-
supply, such as is currently being experi-
enced, will reoccur in the future. It is
expected that greater usage in its traditional
markets, particularly that of rechargeable
nickel-cadmium batteries, and possible new
uses would gradually absorb the excess
supply.



Cadmium

TARIFFS
Most
British Favoured General
Item No. Preferential Nation General Preferential
%)

CANADA
32900-1 Cadmium in ores and concentrates free free free free
35102-1 Cadmium metal, not including

alloys, in lumps, powders,

ingots, or blocks free free 25 free
UNITED STATES
601.66 Cadmium in ores and concentrates free
632.14 Cadmium metal, unwrought, waste free

and scrap
632.86 Cadmium alloys, unwrought 9

containing by weight 96%
or more, but less than 99%
silicon

1986 1987
(%)
632.88 Cadmium alloys, unwrought,
other 5.9 5.5
633.00 Cadmium metal, wrought 5.9 5.5
EUROPEAN ECONOMIC COMMUNITY (MFN)
Base Concession
1986 Rate Rate
®)
26.01 Cadmium in ores and concentrates free free free
81.04 Cadmium metal, unwrought, waste
and scrap 4 4 4
Cadmium metal, other 6 6 6
JAPAN (MFN)
Base Concession
1986 Rate Rate
(%)
26.01 Cadmium in ores and concentrates free free free
81.04 Cadmium metal:
Unwrought 5.7 10 5.1
Waste and scrap 5.5 10 4.8
Powders and flakes 6.3 10 5.8
Cadmium metal, other 7.6 15 6.5
Sources: The Customs Tariff, January 1986. Revenue Canada, Customs & Excise; Tariff

Schedules of the United States Annotated 1986, USITC Publication 1775; U.S. Federal Register,
Vol. 44, No. 241; Official Journal of the European Communities, L 331, Vol. 28; 1986;
Customs Tariff Schedules of Japan, 1986.
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TABLE 1. CANADA, CADMIUM PRODUCTION, EXPORTS AND DOMESTIC SHIPMENTS,
1970, 1975 AND 1980-86

Production Exports Producers'

All Cadmium Domestic

Formsl Refined? Metal Shipments

(kilograms)

1970 1 954 055 836 745 702 630 157 307
1975 1 191 674 1 142 508 637 797 98 820
1980 1 033 000 1 302 955 1 095 825 88 232
1981 833 788 1 293 265 1 452 904 131 175
1982 886 055 1 162 390 769 530 84 910
1983 1 107 000 1 296 000 1 365 111 91 310
1984 1 605 300 1 756 707 1 369 422 78 000
1985 1 716 731 1 696 192 1 477 416 76 000
1986 1 420 590 1 605 145 1 089 2613 87 018

Sources: Statistics Canada; Energy, Mines and Resources Canada.

Production of refined cadmium from domestic ores plus recoverable cadmium content of
exported ores and concentrates. 2 Refined metal and cadmium sponge from all sources. 3 For
the January to September period.

TABLE 2. CANADA, CADMIUM METAL CAPACITY, 1986

Annual
Company and Location Capacity
{tonnes)
Cominco Ltd.
Trail, British Columbia 640
Canadian Electrolytic Zinc
Limited
Valleyfield, Quebec 550
Falconbridge Limited
Timmins, Ontario 650
Hudson Bay Mining and Smelting
Co., Limited
Flin Flon, Manitoba 160
Total Canada 2 000
Sources: Mining & Mineral Processing Operations in Canada, 1983. Energy, Mines and

Resources Canada.
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TABLE 3. CANADA, CADMIUM PRODUCTION AND EXPORTS, 1984-86, AND CONSUMPTION, 1983-85

1984 1985 1986P
(kilograms) ($) (kilograms) (%) (kilograms) ($)
Production
All formsl
Ontario 930 000 4,490,000 898 297 3,268,004 724 105 2,769,702
British Columbia 114 000 553,000 193 443 703,746 300 966 1,151,195
Manitoba 149 000 720,000 181 539 660,439 115 282 440,954
Quebec 90 000 434,000 123 839 450,526 54 158 207,154
New Brunswick 89 000 432,000 67 081 244,040 52 075 199,187
Saskatchewan 17 000 82,000 13 111 47,698 5 107 19,534
Northwest Territories 214 000 1,034,000 238 042 865,997 167 154 639,364
Newfoundland - - - - - -
Y ukon 2 000 9,000 1 379 5,017 1 743 6,667
Total 1 605 000 7,754,000 1 716 731 6,245,467 1 420 590 5,433,757
Refined? 1 756 707 e 1 696 192 . 1 605 145
Exports (Jan.-Sept.)
United States 824 667 3,458,447 906 034 2,875,839 808 293 2,826,584
United Kingdom S11 341 1,754,074 460 234 1,109,348 180 578 481,472
Netherlands 28 060 85,192 110 952 347,928 99 870 231,137
Others 5 357 62,995 196 23,091 520 54,972
Total 1 369 425 5,360,668 1 477 416 4,356,206 1 089 261 3,594,165
1983 1984 1985P
(kilograms)
Consumption
Cadmium metal3
Plating 15 641 13 327 15 854
Solders 148 226 3 717
Other uses? 17 096 15 257 15 366
Total 32 885 28 810 34 937

Sources: Statistics Canada; Energy, Mines and Resources Canada.

Production of refined cadmium from domestic ores, plus recoverable cadmium content of exported ores and concen-—
trates. 2 Refined metal from all sources and cadmium sponge. 3 Available data reported by consumers. 4 Mainly
chemicals, pigments and alloys other than solder.

P Preliminary; - Nil; .. Not available.
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TABLE 4. CADMIUM METAL PRICES, 1985 AND 1986
Average Monthly Prices
Metals Week Metal Bulletin
uU.Ss. New York European Free

Month Producer Dealer Market - Sticks Cominco

1985 (30S/1b.) (3US/Ib.) ($Cdn/1b.)
January 1.40 1.179 1.19-1.24 1.75
February 1.40 1.168 1.12-1.17 1.75
March 1.40 1.053 0.90-0.98 1.75
April 1.40 1.001 0.92-0.98 1.75
May 1.40 0.917 0.84-0.90 1.75
June 1.40 0.821 0.73-0.79 1.75
July 1.10 0.838 0.76-0.82 1.25
August 1.00 0.864 0.83-0.88 1.25
September 1.00 0.808 0.81-0.86 1.25
October 1.00 0.806 0.82~0.86 1.25
November 1.00 0.777 0.77-0.82 1.25
December 1.00 0.797 0.77-0.81 1.25

Average 1.21 0.919 0.87-0.93 1.50

1986
January 1.00 0.822 0.78-0.83 1.25
February 1.00 0.880 0.76-0.81 1.25
March 1.00 0.985 0.78-0.82 1.25
April 1.17 1.244 1.04-1.09 1.50
May 1.35 1.306 1.08-1.14 1.75
June 1.35 1.194 1.03-1.08 1.75
July 1.35 1.066 0.94-0.99 1.75
August 1.35 1.074 0.89-0.94 1.75
September 1.35 1.196 0.96-1.01 1.75
October 1.35 1.148 0.97-1.01 1.75
November 1.35 1.045 0.87-0.92 1.75
December 1.35 1.014 0.86-0.91 1.75

Average 1.25 1.081 0.91-0.96 1.60

Sources: Metals Week, Cominco Ltd.,
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Cadmium

TABLE 5. WESTERN WORLD CADMIUM METAL PRODUCTION, 1982-86

(Jan.-June)

Continent and Country 1982 1983 1984 1985 1986P
(tonnes)

Europe
Austria 49 46 48 53 24
Belgium 1 001 1 217 1 450 1 293 713
Finland 566 616 614 564 259
France 580 447 447 365 251
Germany, F.R. 1 030 1 094 1 111 1 095 632
Italy 475 386 515 360 160
Netherlands 497 513 636 598 279
Norway 102 117 152 164 74
Spain 286 278 290 268 120
United Kingdom 354 340 390 370 160
Yugoslavia 174 48 48 48 24

Africa
Algeria 30 30 24 24 12
Namibia 110 51 41 60 49
Zaire 281 308 300 280 139

Asia
India 131 131 143 190 85
Japan 2 021 2 215 2 400 2 555 1 333
Republic of Korea 320 460 460 460 230
Turkey 10 10 12 16 8

Americas
Canada 1 162 1 296 1 774 1 712 895
Mexico 942 847 894 852 352
Peru 425 443 n.a. n.a. n.a.
United States 1 351 1 382 2 066 1678 1 161
Other Americas 94 210 249 269 118
Australia 1 010 1 104 1 060 879 418
Western World 13 001 13 589 15 123 14 153 7 496

Sources: World Metal Statistics, August 1985; Energy Mines and Resources Canada.
P Preliminary; n.a. Not available.
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Cement

D.H. STONEHOUSE

SUMMARY 1986

In the last quarter of 1985 a survey by the

Conference Board of Canada identified
optimism towards business investment in
Canada. This was undoubtedly tempered by

soft oil prices which followed but reflected in
real increases of over 9 per cent in total
non-residential building construction in
1986. With expected strengthening of oil
prices in 1987 construction activity could
show signs of further improvement. Heavy
or engineering construction activity has
remained relatively stable and is not much
greater than 70 per cent of record levels
reached in 1982. From a regional perspec-
tive, the non-residential building construc-
tion sector showed substantial increase in
Ontario and Quebec, slight improvement in
Atlantic Canada and a decline in western
Canada.

Demand for cement in Canada grew in
1986 to over 7.5 million tonnes (t) and
exports of total cement and clinker to the
United States rose by over 10 per cent to
help satisfy demand from the construction
industry in that country. Total shipments
from Canadian producers were about the
same as last year at a total of just over
10 million t from a production capacity of
about 16.54 million tpy, unchanged in any
major way since 1983. Plant closures for

extended periods during 1986 were not
uncommon.
On the Canadian scene  corporate

changes have taken place during 1986.
Imasco Limited acquired all assets of Genstar
Corporation of Vancouver for $2.5 billion
and in keeping with its stated intentions to
retain the financial services areas and
dispose of the rest, announced in mid-year
the sale of Genstar's Western Canadian
Cement operations to SA Cimenteries
Cementbedrijven NV (CBR) of Belgium for
$452 million. CBR will operate in Canada
under CBR Cement Canada Limited.

Denison Mines Limited scold its 54 per
cent controlling interest in Lake Ontario
Cement Limited to Société des Ciments
Frangais for $84.3 million ending L.O.C.'s

claim to being the only Canadian controlled,
public cement company. Ciment Frangais
also owns Coplay Cement in Nazareth,
Pennsylvania, U.S.A. The Canadian cement
industry is now about 83 per cent foreign
controlled.

Exports of Canadian cement and clinker
are mainly to the United States, in particular
to the states of New York, Vermont,
Michigan and Minnesota. Canadian cement
production efficiencies and a strong American
dollar continue to make Canadian cement and
clinker competitive in bordering states, quite
different than being imported as a supple-
ment to United States production. Imports
from Mexico, Spain and Venezuela have
added to the concerns of the United States
cement producers. Of protectionist measures
being considered, the Buy America pro-
visions within the United States Surface
Transportation Assistance Act, 1982 (STAA)
are of particular concern to the Canadian
cement exporters. STAA provides substan-—
tial funding for highway and bridge projects
in the United States, representing about
6 per cent of total United States cement
consumption. Through 1983 and early-1984,
Canadian exporters were effectively excluded
from supplying these projects by Buy
America restrictions on foreign cement.
Congress lifted these restrictions in March,
1984 affording Canadian cement full access to
STAA~-funded projects. By late-1986, bills
which could influence this situation were
before both Congress and the Senate.

The United States cement industry
reaction has led to the formation of an
American Cement Trade Alliance (ACTA) to
lobby for "fair trade vs free trade" despite
the fact that imports are brought in by U.S.
cement producers themselves and ACTA's
membership accounts for 45 per cent of total
imports. A second group was formed in
late-1985, the Cement Free Trade Alliance
(CFTA), representing many of the importers
and lobbying to "maintain the status quo".
In such a setting, anti-dumping claims may
be difficult to justify in that injury to the
domestic cement industry from imports must
be proven.

D.H. Stonehouse is with the Mineral Policy Sector,

Energy, Mines and Resources Canada.

Telephone (613) 995-9466. 16.1



Major Canadian cement producers
strengthened their United States position
during the 1980s with acquisitions ranging
from cement storage and distribution facili-
ties and clinker grinding plants to full
clinker producing and grinding capacity. In
1985, Lafarge Corporation, which wholly
owns both Canada Cement Lafarge Lid. in
Canada and General Portland Inc. in the
United States, announced its decision to
close General Portland's Florida plants and to
make up the lost production with imports
from Mexico. The Florida plants account for
19 per cent of General Portland's capacity of
6 million t. The company 1is planning to
accommodate further imports into Texas and
on both the east and west coasts. Lafarge
also strengthened its position in the Great
Lakes region with the purchase from National
Gypsum Company of six cement distribution
terminals, a 50 per cent interest in eight
other terminals and an option to buy the
other half interest from National as well as
National's Alpena, Michigan cement plant.

Between 1980 and 1984 St. Lawrence
Cement Inc. spent some $180 million on
capital investment about $100 million of which
was to acquire cement production and
terminal facilities in northeastern United
States. In 1985, the company announced the
acquisition of the Hagerstown, Maryland
cement plant, along with a distribution
terminal at the port of Baltimore, from Lone
Star Industries, Inc. of Greenwich,
Connecticut for $US 65 million. During the
year St. Lawrence also acquired Custom
Concrete Ltd. of Toronto, with six ready-
mix plants and three aggregate quarries.

THE CANADIAN INDUSTRY

The Canadian cement industry is strongly
regionalized on the basis of market
availability. Capacity is concentrated near
growth areas and, fortunately for some,
these areas are convenient to foreign market
access as well. Some plants were located to
take advantage of existing United States
markets and to be in a position to utilize
waterborne, high-bulk transportation
facilities.

St. Lawrence Cement'!'s acquisition of
Lone Star's Hagerstown, Maryland plant is a
continuation of the company's expansion
policy. In 1984, the company purchased the
Catskill, New York plant of Lone Star for
$US 30 million and earlier had purchased
a terminal operation at Wilmington,
Massachusetts to improve service to the

Boston area and had added to its terminal
facility at Oswego, New York. St. Lawrence
now has about 1.1 million t of capacity in
the United States and continues to ship into
the northeastern region from its Canadian
plants.

With the acquisition of General Portland
Inc. of Dallas, Texas in 1982, Canada
Cement Lafarge Ltd. became the largest
cement producer in North America with a
capacity of 11.663 million tpy. In early-1983
a corporate reorganization established
Dallas-based Lafarge Corporation which
wholly-owns both Canada Cement Lafarge
Ltd. and General Portland Inc. The move
was designed to give the corporation access
to the United States money market and to
maintain the overall 52 per cent control of
both companies by Lafarge Coppée of Paris,
France.

St. Marys Cement Company has two
United States affiliates - St. Marys
Wyandotte Cement Inc. and St. Marys
Wisconsin Cement Inc. The former operates
a 300 000 tpy grinding plant near Detroit,
the latter a 150 000 tpy grinding plant in
Milwaukee and distribution terminals in Green
Bay, Wisconsin and Waukegan, Illinois.

A typical feature of the Canadian cement
industry is its diversification and vertical
integration into related construction and
construction materials fields. Many cement
manufacturers also supply ready-mix
concrete, stone, aggregates and concrete
products such as slabs, bricks and pre-
stressed concrete units.

Lake Ontario Cement Limited, for
example, is well integrated into the concrete
products field. In 1984 it brought three
companies into its corporate structure: Soil
Protection Systems Inc. of Milton, Ontario;
Euclid Chemical Canada Inc. of Markham,
Ontario; and United Aggregates Litd. of
Brampton, Ontario. The company also began
a $1.5 million expansion program at Iits
Vibrapipe Ltée operation in Quebec. With
the 1985 acquisition of these ready-mix
plants the company now has two cement
subsidiary operations in the United States,
five operations in its Pipe Group, six in its
Building Products Group and two operations
attached to the corporate offices.

Cement manufacture is energy-
intensive. It is obvious that research
should be concentrated in this area, and
specifically within the pyroprocessing sector



where over 80 per cent of the energy is
consumed. Raw material grinding and finish
grinding are being studied to determine
optimum particle size for energy consumed.
Energy conservation programs adopted by
the Canadian cement industry more than
reached the goal of a 9 to 12 per cent
reduction in energy consumption per unit of
production, based on 1974 calculations. In
1985 the Canadian cement industry on
average consumed 4,968 megajoules a tonne
of production of which 4,282 megajoules was
derived from fossil fuels.

The fuel mix has changed quite
dramatically from that in 1974 when natural
gas, petroleum products and coal/coke
accounted for 49.5, 39.7 and 10.8 per cent
respectively. In 1985, in the same order,
the respective percentages were 33.1, 4.4
and 62.5. The dry process now accounts
for over 70 per cent of Canadian portland
cement capacity. In 1985 dry process plants
accounted for 83.6 per cent of total Canadian
cement production.

Energy conservation demonstration
projects have been funded through the
Conservation and Non-Petroleum Sector of
Energy, Mines and Resources. One such
project has dealt with the use of Coal Water
Fuel in two cement kilns in Richmond, B.C.
The optimum economic level of replacement of
other fuels exceeded the target after a trial
lasting over a year. The initial aim was to
replace a minimum of 60 per cent of the
natural gas previously used with a target
high of 80 per cent. The trial indicated
95 per cent could be replaced by the Coal
Water Fuel. Total coal consumption of
100 000 tpy would result. The industry is
represented on the Industrial Minerals Task
Force on Energy Conservation and continues
to play an active role in this organization.
Through the Canada Centre for Mineral and
Energy Technology, a branch of Energy,
Mines and Resources Canada and through the
Building Research Division of the National
Research Council a continuing program of
concrete research is managed. Concrete
research has generally been confined to
strength determination, durability, placement
and curing. Recently much research has
been done on the use of superplasticizers, a
group of admixtures described chemically as
naphthalene or melanine sulphonate polymers,
which have been found to provide greater
workability over short time spans or to
provide high-strength by permitting lower
water-cement ratios.

Cement

Energy, Mines and Resources Canada
research on the use of blast furnace slag
from the steel industry to manufacture a slag
cement will be applied by Reiss Lime
Company of Canada, Limited. The company
will produce 200 000 tpy of slag cement at
Spragg, Ontario, using granulated slag from
The Algoma Steel Corporation, Limited, Sault
Ste. Marie plant. Principal use for the
cement will be in mine backfill.

Two major research projects currently
sponsored through CANMET deal with the
use of fly ash in concrete and with the alkali
reactivity of certain concrete aggregates.

Research in the private sector is
conducted on behalf of all cement producers
by the Portland Cement Association (PCA), a
non-profit research group sponsored by the
cement industry. Individual producers
generally have research facilities varying in
size from a customer service unit to a large
laboratory, mandated, as in the case of
Canada Cement Lafarge's new Montreal-based
facility, "to develop new manufacturing pro-
cesses and improve cement and concrete pro-
ducts tailored to the Canadian and United
States markets."

The three plants in the Atlantic
region constitute just over 5 per cent of
total Canadian clinker producing capacity.
All three obtain raw materials at or near the
plant site. North Star Cement Limited is
undergoing extensive renovation at its
Corner Brook, Newfoundland plant to
improve fuel efficiency. Canada Cement
Lafarge's plants at Brookfield, Nova Scotia
and at Havelock, New Brunswick were closed
for periods in 1985 despite a slight growth
to 445 000 t in regional consumption.

In the Quebec region the five
clinker-producing plants have 25 per cent of
the Canadian total in an area that has 26.1
per cent of Canadian population and which,
in 1985, consumed about 1.8 million t of
portland cement representing 26.4 per cent
of total consumption. At its St. Constant
plant, south of Montreal, CCL has experi-
mented alternate fuel, as part of a program
administered by the federal departments of
Environment Canada and Energy, Mines and
Resources Canada.

Miron Inc. investigated the wuse of
methane gas from a garbage disposal project
on its property with the goal of eventually
securing as much as 40 per cent of its fuel



requirements from this source. The plant's
boiler room was operated in 1983 on methane
gas. Input garbage has the energy potential
to operate the company's two kilns. Miron is
actively investigating new plant sites south
of Montreal as time runs out for their
quarry-cement plant operation in the heart
of Montreal. St. Lawrence Cement Inc.
continued its energy-saving programs during
1985 but concentrated its expenditures on
expanding further into the United States
market through plant  and distribution
acquisitions. Ciment Québec Inc. began full
operation of its new suspension-preheater-
precalciner system in 1983, adding about
735 000 tpy to capacity.

Portland cement consumption increased in
the Ontario region where 40 per cent of the
nation's clinker-producing capacity is con-
centrated. Canada Cement Lafarge Ltd. has
brought into production about 3 million t of
new cement capacity over the past seven
years and currently over half of its oper-
ating kilns are less than 10 years old. The
limestone for CCL's Bath, Ontario plant is
quarried on-site while silica is supplied from
Potsdam sandstone at Pittsburgh about 65 km
east of Bath and iron oxide is purchased
from Hamilton. Gypsum is from Nova Scotia.
The Woodstock plant has experimented with
the use of selected, processed garbage as
fuel. The plant obtains limestone on site,
silica from Falconbridge Limited, iron oxide
from Stelco Inc. and gypsum from southern
Ontario mines.

At Picton, Lake Ontario Cement Limited
operates one of the largest cement plants in
North America. The four-kiln plant supplies
cement and clinker to its United States sub-

sidiaries - Rochester Portland Cement Corp.
in New York state and Aetna Cement
Corporation in Michigan - and cement to its

Ontario markets.

For its Mississauga plant, St. Lawrence
Cement Inc. obtains limestone from Odgen
Point, 160 km east of Toronto on the shore
of Lake Ontario and gypsum is purchased
from Nova Scotia or from southern Ontario
mines.

With  the acquisition of Wyandotte
Cement Inc., St. Marys Cement Company
began shipments of clinker through a newly

constructed lakefront loading facility at
Bowmanville. The original plant at St.
Marys, constructed in 1912 to serve the
Toronto area, has been expanded and

modernized over the vyears, most recently
with the installation of a 680 000 tpy kiln
and four-stage suspension preheater.
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Federal White Cement's plant at
Woodstock, can produce up to 100 000 tpy of
white cement.

Two companies, Canada Cement Lafarge
Ltd. and Genstar Cement Limited, now CBR
Cement Canada Limited, operate a total of
five clinker producing plants in the Prairie
region and three in the Pacific region along
with two clinker grinding plants. This
Western region has 30 per cent of clinker
producing capacity, including the recently
completed expansion at Genstar's Edmonton,
Alberta plant. Consumption of portland
cement in the western provinces accounted
for 31 per cent of Canadian total. Recent
expansions at Edmonton and at Exshaw
increased capacity by about 1.3 million tpy.

CBR continued to increase the pro-
ductive capacity at its Cadomin limestone
property which supplies the Edmonton plant
through a 4 500 t unit train and materials
handling system. A limestone quarry at
Mafeking, Manitoba, near the Manitoba-
Saskatchewan border, supplies limestone to
Genstar's Regina plant, while the Winnipeg
plant is supplied from Steep Rock, Manitoba.

CCL's Winnipeg plant obtains limestone
from the company's quarry at Steep Rock on
Lake Manitoba, gypsum from Westroc Indus-
tries Limited at Amaranth, silica from
Beausejour and clay adjacent to the plant
site at Fort Whyte. Raw material for the
Exshaw plant is mainly from the plant site
but gypsum is from Westroc and iron oxide
from Cominco Ltd. Limestone from Texada
Island supplies the company's Vancouver
plant at Richmond. Their Kamloops plant is
supplied from resources close to the plant
site.

WORLD DEVELOPMENTS

Cement markets are regional and centred in
developing urban areas where construction
activity is concentrated, or in areas where
mining or heavy engineering construction
projects are being carried out. The normal
market area of a given cement-producing
plant depends on transportation costs that

the selling price can absorb. A potential
large volume of sales could warrant a
secondary distribution terminal; water

transportation to a distribution system could
extend a plant's market area.

Because raw materials for cement
manufacture are generally widespread, most
countries c¢an supply their own cement
requirements if the market volume warrants a
plant. Few countries rely entirely on



imports for their cement needs. However,
some countries rely heavily on export
markets for their surplus cement production
in order to operate facilities economically.
The strong American dollar vis-a-vis
European and other currencies has been the
principal reason for a major increase in
imports of cement and clinker to the United
States from as far as Spain and Venezuela.
A current glut of shipping bottoms has had
an influence on this situation as well.

Cembureau, The European Cement
Association, has published Cement Standards
of the World - Portland Cement and its

Derivatives, in which standards are com-
pared. Cembureau's World Cement Directory
lists production capacities by country and by
company. Cembureau lists world cement
production in 1985 at 940 million t and for
the first time shows China leading all other
countries at 133 million t ahead of the
U.S.S.R. at 129 million t.

USES

Portland cement is produced by burning,
usuvally in a rotary kiln, an accurately
proportioned, finely ground mixture of lime-
stone, silica, alumina and iron oxide. The
three basic types of portland cement, Normal
Portland, High-Early-Strength Portland, and
Sulphate-Resisting Portland, are produced
by most Canadian cement manufacturers.

Cement has little use alone but, when
combined with water, sand, gravel, crushed
stone or other aggregates in proper propor-
tions acts as a binder, cementing the mater-
ials together as concrete. Concrete has
become a widely used and readily adaptable
building material which can be poured on-
site in large engineering projects, or used in
the form of delicate precast panels or heavy,
prestressed columns and beams in building
construction.

Kiln discharge, in the shape of rough
spheres, is a fused, chemically complex mix-
ture of calcium silicates and aluminates
termed clinker, which is mixed with gypsum
(4 to 5 per cent by weight}) and ground to a
fine powder to form portland cement. By
close control of the raw mix, the burning
conditions and of the use of additives in the
clinker-grinding procedure, finished cements
displaying various properties can be
produced.

Cement

Moderate Portland Cement and Low-
Heat-of-Hydration Portland Cement, designed
for use in concrete to be poured in large
masses, such as in dam construction, are
manufactured by several companies in
Canada. Masonry cement (generic name)
includes such proprietary names as Mortar
Cement, Mortar Mix (unsanded), Mason's
Cement, Brick Cement and Masonry Cement.
The latter product produced by portland
cement manufacturers, is a mixture of port-
land cement, finely ground high-calcium
limestone (35 to 65 per cent by weight) and
a plasticizer. The other products do not
necessarily consist of portland cement and
limestone, and may include a mixture of port-
land cement and hydrated lime and/or other
plasticizers.

Portland cement used in Canada should
conform to the specifications of CAN
3-A5-M83, published by the Canadian
Standards Association (CSA). This standard
covers the five main types of portland
cement. Masonry cement produced in Canada
should conform to the CAN 3-A8-M83.
Blended hydraulic cements are covered by
CAN 3-A362-M83. The cement types manu-
factured in Canada, but not covered by the
CSA standards, generally meet the appro-
priate specifications of the American Society
for Testing and Materials (ASTM).

OUTLOOK

Canada's economic recovery has
uncommonly far behind recovery in the
United States since 1982. The construction
industry in the United States became very
active following the 1980-81 recession and
demand for the materials of construction

lagged

presented opportunities for Canadian
producer-exporters of  cement, clinker,
gypsum and gypsum wallboard. Canadian

business investment remained low and con-
struction expenditures, particularly in
engineering  projects actually decreased.
Housing starts dropped to 125,860 in 1982,
the lowest number of starts since 1961,
rebounded to 162,645 in 1983, dropped again
in 1984 to 134,900 and rose to 165,826 in
1985. Housing starts in 1986 are expected
to be 202,000, Residential, commercial and
institutional building construction have been
more active, accounting for steady but slow
growth in the building construction sector as
a whole. A few indicators provide a positive
outlook for the building construction sector:
housing starts are increasing, inflation is
relatively low, and the unemployment rate is
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falling - However, direct spending on
construction could be tempered by increased
taxes on building materials and by
government spending cuts. On a regional
basis the construction outlook is fairly good
in eastern Canada but less encouraging in
the western region.

The Canadian Construction Association
is predicting increases in the non-residential
contract construction industry constant
dollar expenditures of 4.5 per cent through
1986 to 1995 based upon the influences of
the Western Accord and the May 1985 bud-
get. The construction industry as a whole
has expressed concern that Canada's large
infrastructure network needs  attention,
leading to major renovation and upkeep pro-
jects similar to those begun on the United
States highway system. Such a program
would permit the construction industry and
that portion of the mining industry which
depends on it to plan five to ten years
ahead with obvious benefits in efficiency,
rather than to invest with short-term
survival as the main incentive.
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The cement industry in Canada is
capable of meeting immediate demand and is
also capable of expansion to meet even
greater demand from domestic and foreign
markets should opportunities be presented.
The pattern of consumption of portland
cement established during 1983-84 will likely
persist for a few years or until the develop-
ment of mega projects once again alters the
current demand for cement. The attitude of
the industry's principal foreign market, the
United States, towards imported cement will
have a great influence on the efficiency of
the Canadian operations while demand from
Canadian construction recovers.

Conservation of energy and raw
materials within the cement industry is of
worldwide concern and provides a theme
around which major developments in the
industry have taken place. Of particular
note is the emphasis on blended cements and
the utilization of slag, ash and other
byproducts. Even greater additions to
production capacities than those witnessed
during the past few years will be needed to
meet demand in many developing countries.
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TARIFFS
Most
British Favoured General
Item No. Preferential Nation General Preferential
~ (cents per hundred pounds)

CANADA
29000-1 Portland and other hydraulic

cement, nop; cement clinker free free 6 free
29005-1 White, nonstaining Portland

cement 3.7 3.7 8 2.3
MFN Reductions under GATT 1986 1987

(effective January 1 of year given)
29005-1 3.7 3.7
UNITED STATES (MFN)

511.11  White, nonstaining Portland cement
per 100 pounds including weight

of container 1
511.14 Other cement and cement clinker free
511.21 Hydraulic cement concrete free
1986 1987

% ad valorem)

511.25 Other concrete mixed,
per cubic yard 5.2 4.9

Sources: The Customs Tariff, 1986, Revenue Canada, Customs and Excise; Tariff Schedules
of the United States Annotated 1986, USITC Publication 1775; U.S. Federal Register Vol. 44,
No. 241.
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TABLE 1.

CANADA, CEMENT PRODUCTION AND TRADE, 1984-86

Productionl
Ry province
Ontario
Quebec
Alberia
British Columbia
Manitoba
Saskatchewan
Nova Scotia
New Brunswick
Newfoundland
Total

By type
Portland
Masonry?2

Total

Exports
Portland cement
United States
Cameroon
Other countries
Total

Prestressed concrete structures
United States
Others
Total

Cement and concrete basic products
United States
Other countries
Total

Imports
Portland cement, standard
United States
Other countries
Total

White cement
United States
Japan
Other countries

Total

Aluminous cement
United States
Other Countries

Total

Cement, nes
United States
United Kingdom
Japan
West Germany
(taly
France
Netherlands
Other countries

Totat
Total cement imports

Cement and concrete basic products, nes

United States

France

West Germany

United Kingdom

Belgium-Luxemboury

Qther countries
Total

Cement ciinker
Spain
Greece
France
Belgium-Luxembourg
Venezucla
United States
Total

Sources: Statistics Canada; Fnergy

P Prelininary: Not available: - Nil;

Mines

1984 985 1986P
Ttonnes) (5000} (tonnes) (3000) (tonnes) ~ ($000)
3654 153 256,084 4 092 753 283,677 3 965 000 282,189
2 728 097 171,651 3 093 545 183,794 3 231 000 200,700
989 619 120,071 1142 852 148,881 934 000 124,951
939 354 69,919 988 498 74,818 1013 000 78,740
315 988 34,192 342 963 35.725 431 000 46,104
. 18,852 . 19.237 . 20,007
. 24.252 . 21,079 . 20.449
- 14,567 12,366 .. 8,406
.. 7,675 . 8,779 .. 9,300
§ 240 257 717,282 10 192 442 788,357 76 058 600 790,846
8 276 878 642,627 9 889 327 9 610 000 ..
1150 994 90,743 303 115 .. 348 000 ..
9427 872 733,370 10 192 442 788, 357 0 058 000 790,846
(Jan.-Sept.)
2 120 902 105,63t 2 478 046 127,772 1 833 172 95,409
3 740 330 1017 87 984 69
5 469 687 6 636 497 2192 142
Z 13 111 106,648 Z 485 699 128,756 T 836 348 35,620
12.884 . 26,036 . 30,798
. . 74 . 29
13,131 26,100 = 30,827
57.972 55.625 45,343
1,714 . 351 283
39,686 55,976 45,626
208 121 16,735 210 954 15,986 146 506 11,410
757 66 2 814 152 30 862 1,072
208 G718 16,801 213 768 16, 380 177 368 12,482
1 457 240 2 W 245 1035 129
1167 187 1013 184 484 81
249 31 915 118 L 470 145
7 873 458 7129 547 2 989 355
6 198 2,055 5 419 1,999 5 109 1,516
6 198 2,055 5419 1,999 5 109 1,516
16 al4 2,337 50 417 1,489 27 549 3,314
369 81 3 751 828 2 358 630
80 1 86 59 317 330
19 7 72 18 59 117
13 1 20 5 5 1
- - 530 31 - -
- - - - 6 1
- - 2 1 - -
16 906 2,438 Z§ 9N 3,077 3G 294 4,005
23 114 71,841
3.914 3.869 . 3,074
28 6 37
26 148 103
17 66 111
14 - -
. )} 96 . 125
N 4,000 1,185 3,450
- - 38 562 1132 63 891 2,293
- - - - 29 806 1.143
- - - - 24 308 709
- - 24 503 791 - -
- - 31 876 1,052 - -
119 4 - . - 85 3
19 4 94 941 3.975 118 090 1,749

and Resources Canada.
U Producers’ shipments plus quantitics used by producers.
nes Not elsewhere specified.

2 Includes small amounts of other cement.
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TABLE 2. CEMENT PLANTS, APPROXIMATE ANNUAL GRINDING CAPACITY, END OF 1986
Wet(W)
Dry(D)
Pre- Fuel
heater(x) (Coal No.
Precal- 0il of Grinding Clinker
Company Plant ciner(c) Gas) Kilns Capacity Capacity
(000 tpy)
Atlantic
Canada Cement Lafarge Ltd. Brookfield, N.S. D C,0 2 485 458
Havelock, N.B. D C,0 2 315 300
North Star Cement Limited Corner Brook, Nfld. Dx (@] 1 250 120
Atlantic Region Total 5 1 050 878
Quebec
Canada Cement Lafarge Ltd. St. Constant D 0,G 2 955 902
Ciment Quebec Inc. St. Basile W,Dc (o] 3 575 1 106
Miron Inc. Montreal D 0O,G 2 1 000 840
St. Lawrence Cement Inc. Beauport w Cc,0 2 550 598
(Independent Cement Inc.) Joliette D Cc,0 4 1 000 976
Quebec Region Total 13 4 080 4 422
Ontario
Canada Cement Lafarge Ltd. Woodstock w C,G 2 535 505
Bath Dx G,G 1 1 000 943
Federal White Cement Woodstock D o 1 100 100
Lake Ontario Cement Limited Picton D,Dx C,G 4 744 1 419
St. Lawrence Cement Inc. Clarkson W, Dc Cc,0,G 3 2 400 1 700
St. Marys Cement Company Bowmanville w C 2 790 600
St. Marys W, Dx 0,G 3 800 990
Ontario Region Total 16 6 270 6 257
Prairies
Canada Cement Lafarge Ltd. Fort Whyte, Man. w 0,G 2 565 532
Exshaw, Alta. D,Dc G 3 1 230 1 184
Edmonton, Alta. 220
Genstar Cement Limited Winnipeg, Man. w 0,G 1 325 310
Regina, Sask. D o,C 1 375 214
Edmonton, Alta. W, Dc G 4 2 040 1 186
Prairies Region Total 11 4 755 3 426
British Columbia
Canada Cement Lafarge Ltd. Kamloops D G 1 190 180
Richmond w 0o,G 2 555 522
Genstar Cement Limited Tilbury Island Dx 0,G 1 1 000 855
B.C. Region Total 4 1 745 1 557
CANADA TOTAL (9 companies) 49 17 900 16 540

Source:

Market and Economic Research Department,

Portland Cement Association.
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TABLE 3.

CANADA, CEMENT PLANTS, KILNS AND CAPACITY UTILIZATION, 1977-86

Clinker Approximate Portland
Pro- Cement and Masonry Approximate
ducing Grinding Cement Clinker Total Capacity
Plants Kilns Capacityl Production? Exports3 Production?  Utilization
(tpy) () (t) ) (%)
1977 22 49 14 885 000 9 639 679 775 145 10 414 824 72
1978 24 51 15 985 000 10 558 279 1 077 274 11 635 553 72
1979 24 51 15 985 000 11 765 248 1 530 537 13 295 785 83
1980 23 47 16 363 000 10 274 000 726 087 11 000 087 67
1981 23 48 16 771 000 10 145 000 524 006 10 669 006 64
1982 23 48 16 771 000 8 418 000 290 329 8 708 329 50
1983 23 49 17 900 000 7 870 878 404 793 8 275 671 46
1984 23 49 17 900 000 9 387 466 440 297 9 827 763 55
1985 23 49 17 900 000 10 192 444 676 596 10 869 040 61
1986 23 49 17 900 000 10 058 000P 950 000€ 11 008 000 62
Sources: Statistics Canada, U.S. Bureau of Mines, Portland Cement Association (PCA).
1 Includes two plants that grind only. 2 Producers' shipments and amounts used by
producers. 3 Imports to United States from Canada. 4 Cement shipments plus clinker
exports.
€ Estimated; P Preliminary.
TABLE 4. CANADA, HOUSE CONSTRUCTION, BY PROVINCE, 1984 AND 1985
Starts Completions Under Construction
% % %
1984 1985 Diff. 1984 1985 Diff. 1984 1985 Diff.
Newfoundland 2,720 2,854 4.9 3,134 1,852 -40.9 3,000 3,348 11.6
Prince Edward Island 643 788 22.5 581 757 30.3 379 420 10.8
Nova Scotia 4,598 6,923 50.6 5,082 5,748 13.1 2,466 3,474 40.9
New Brunswick 2,873 4,142 44.2 3,923 3,224 -17.8 1,242 2,137  72.1
Total (Atlantic
Provinces) 10,834 14,707 35.7 12,720 11,581 -8.9 7,087 9,379  32.3
Quebec 41,902 48,031 14.6 43,410 41,577 -4.2 16,309 21,270 30.4
Ontario 48,171 64,871 34.7 54,642 50,590 -7.4 23,529 36,761 56.2
Manitoba 5,308 6,557 23.5 5,865 5,081 -13.4 2,474 3,817 54.3
Saskatchewan 5,221 5,354 2.5 5,722 5,653 -1.2 3,187 2,866 -10.1
Alberta 7,295 8,337 14.3 12,057 7,517 -37.6 2,943 3,518 21.7
Total (Prairie
Provinces) 17,824 20,248 13.6 23,644 18,251 -22.8 8,604 10,201 18.6
British Columbia 16,169 17,969 11.1 18,596 17,107 -8.0 8,370 8,755 4.6
Total Canada 134,900 165,826 22.9 153,012 139,106 -9.1 63,899 86,366 35.2
Source: Canada Mortgage and Housing Corporation.
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TABLE 5. CANADA, VALUE

Cement

OF CONSTRUCTION! BY TYPE, 1984-86

Building Construction
Residential
Industrial
Commercial
Institutional
Other building

Total

Engineering Construction
Marine
Highways, airport runways
Waterworks, sewage systems
Dams, irrigation
Electric power
Railway, telephones
Gas and oil facilities
Other engineering
Total

Total construction

1984 1985 1986
($ millions)

16,647 18,750 21,177
2,708 3,216 3,395
7,129 8,201 8,563
2,924 3,143 3,404
2,003 2,025 2,010

31,411 35,335 38,549

474 484 483
4,276 4,648 4,514
2,170 2,148 2,237

272 303 324
3,664 3,494 3,491
2,724 2,728 2,677
8,552 9,178 8,580
3,031 3,131 2,967

25,163 26,114 25,273

56,574 61,449 63,822

Source: Statistics Canada.
1 Actual expenditures 1984, p

reliminary actual 1985, intentions 1986.

16.11



71791

TABLE 4. CANADA, VALUE OF CONSTRUCTION! BY PROVINCE, 1984-86

1984 1985 1986
Building Engineering Building Engineering Building Engineering
Construction Construction  Total Construction Construction Total Construction Construction Total
(3000)

Newfoundland 512,020 1,103,521 1,615,541 559,926 1,046,395 1,606,321 648,726 777,677 1,426,403
Nova Scotia 947,048 1,157,778 2,104,826 1,145, 364 1,170,295 2,315,659 1,142,984 822,811 1,965,795
New Brunswick 735,008 465,074 1,200,082 795,548 483,805 1,279,353 849,490 413,322 1,262,812
Prince Edward

Island 117,220 74,162 191, 382 145,928 68,638 214,566 149,321 80,269 229,590
Quebec 7,714,033 4,065,606 11,779,639 8,773,335 3,812,658 12,585,993 9,271,680 3,796,029 13,067,709
Ontario 11,409,974 5,359,605 16,769,579 13,572,920 5,378,915 18,951,835 15,583,901 5,394,357 20,978,258
Manitoba 1,151,749 721,257 1,873,006 1,320,926 793,268 2,114,194 1,416,651 973,561 2,390,212
Saskatchewan 1,227,024 1,385,015 2,612,039 1,258,206 1,656,228 2,914,434 1,293,703 1,553,938 2,847,641
Alberta 3,299,989 6,230,580 9,530,569 3,435,866 7,273,787 10,709,653 3,876,910 7,947,462 11,824,372
British Colum-

bia, Yukon and

Northwest Ter-

ritories 4,297,525 4,600,290 8,897,815 4,327,013 4,430,416 8,757,429 4,316,058 3,513,411 7,829,469

Canada 31,411,590 25,162,888 56,574,478 35,335,032 26,114,405 61,449,437 38,549,424 25,272,837 63,822,261

Source: Statistics Canada-
1 Actual expenditures 1984, preliminary actual 1985, intentions 1986.



Clays and Clay Products

M. PRUD'HOMME

Clays are a complex group of industrial
minerals, each generally characterized by
different mineralogy, occurrence and uses.
All are natural, earthy, fine-grained miner—
als of secondary origin, composed mainly
of a group of hydrous aluminum phyllo-
silicates and may contain iron, alkalis and
alkaline earths. The clay minerals, formed
by the chemical weathering or alteration of
aluminous minerals are generally classified
into four major groups based on detailed
chemistry and crystalline structure - the
kaolinite group, the smectite group
(montmorillonite group of some usages), the
clay-mica group and the chlorite group.
Clay deposits suitable for the manufacture of
ceramic products may include non-clay
minerals such as quartz, calcite, dolomite,
feldspar, gypsum, iron-bearing minerals and
organic matter. The non-clay minerals may
or may not be deleterious, depending upon
individual amounts present and on the
particular application for which the clay is
intended.

The commercial value of clays, and of
shales that are similar in composition to
clays, depends mainly on their physical
properties - plasticity, strength, shrinkage,
vitrification range and refractoriness, fired
colour, porosity and absorption - as well as
their economic value which is based on pro-
duction and transportation costs, level of
competition and potential for substitution.

Brick manufacturing included in the
structural clay products category accounts
for 84 per cent of the total value of output
from <clay products manufacturers using
material from domestic sources, while drain
tile and flue lining account for 1.9 per cent
and 4.5 per cent respectively.

USES, TYPE AND LOCATION OF
CANADIAN DEPOSITS

Common Clays and Shale. Common clays and
shales are the principal raw materials avail-
able from Canadian deposits for the manufac-
ture of structural clay products. They are

found in all parts of Canada, but deposits
having excellent drying and firing properties
are generally scarce and new deposits are
continually being sought.

The clay minerals in common clays and
shales are chiefly illitic or chloritic. The
material is sufficiently plastic to permit
molding and vitrification at low temperature.
Suitable common clays and shales are utilized
in the manufacture of structural clay
products such as common brick, facing
brick, structural tile, partition tile, conduit
tile and drain tile. There are no specific
recognized grades of common <clay and
shale. Specifications are usually based upon
the physical and chemical tests of
manufactured products. The raw materials
utilized in the structural «clay industry
usually contain up to 35 per cent quartz. If
the quartz, together with other nonplastic
materials, exceeds this percentage, the
plasticity of the clay is reduced and the
quality of the ware is lowered. If calcite or
dolomite is present in sufficient quantities,
the clay will fire buff and the fired strength
and density will be adversely affected.

Most of the surface deposits of common
clays in Canada are the result of continental
glaciation and subsequent stream transport.
Such Pleistocene deposits are of interest to
the ceramic industry and include stoneless
marine and lake sediments, reworked glacial
till, interglacial clays and floodplain clays.

In eastern Canada, shales are also
consumed in large quantities for manufactur-
ing cement near Corner Brook in western
Newfoundland, and at Havelock in Kings
County, New Brunswick. Common clay from
glacial drift is used in Ontario as a source
of silica and alumina in the local manufacture
of grey portland cement at Woodstock and
St. Mary's. In Manitoba, shales and clays
from glacial Lake Agassiz are extracted to
produce lightweight aggregates. In Alberta,
local glacial clays from Regina are used for
manufacturing cement, lightweight aggregates
and mineral wool insulation. In British

M. Prud'homme is with the Mineral Policy Sector, Energy,

Mines and Resources Canada.
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Columbia, altered volcanic ash is extracted
at Barnhartvale for cement, and in Quesnel
mainly for use in manufacture of refractory
materials. Common clay is also extracted
from Sumas Mountain near Abbotsford to
produce flue lining, drain pipe, bricks and
blocks.

During 1986, the Canada Centre for
Mineral and Energy Technology (CANMET)
carried out some work on the characteriza-
tion of clays and shales for various product
applications. The work involves material
preparation, measurement of plasticity of
clay-water wmixtures, optimization of extru-
sion and drying characteristics, test firings
and determination of critical properties such
as shrinkage and porosity of products. In
cooperation with the Ministry of Indian and
Northern Affairs, a <clay from northern
Ontario is currently being characterized for
product applications. Similar work has been
carried out for several pottery and brick
manufacturers.

As a result of the concerns of the Clay
Brick Manufacturers Association of Canada,
and under a CANMET project related to
energy conservation in mineral processing,
work is also being carried out by external
contractors on the containment or reduction
of fluoride emissions from brick kilns.

For further information on kaolin and
clay products R&D, contacts at CANMET are:
P. Andrews and A.K. Kuriakose (tele-
phone 613-992-8794).

China Clay (Kaolin). China clay is a white
clay composed mainly of kaolinitic minerals
formed from weathered igneous rocks. Some
deposits occur in sedimentary rocks as tabu-
lar lenses and discontinuous beds or in
rocks that have been hydrothermally
altered. Commercial china clays are bene~
ficiated to improve their whiteness when
used as fillers and their whitefiring char-
acteristics when used in ceramics.

China clay is used primarily as a filler
and coating material in the paper industry, a
raw material in ceramic products, and a filler
in rubber and in other products. In the
ceramic industry china clay is used as a
refractory raw material. In prepared white-
ware bodies such as wall tile, sanitaryware,
dinnerware, pottery and electrical porcelain,
quantities of nepheline syenite, silica,
feldspar and talc are used as well.

Several occurrences of kaolin in Canada
have attracted attention. In British
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Columbia, a deposit of clay similar to a
secondary kaolin occurs along the Fraser
River near Prince George. In Saskatchewan,
known deposits of sandy kaolinized clay with

off-white colored fines occur near Fir
Mountain, Flintoft, Knollys, and Wood
Mountain. Ekaton Industries Inc. of Calgary

acquired the rights of 45,000 acres of land
in southern Saskatchewan to explore for
kaolin in 1984. Reserves of kaolinized sand
have been estimated at over 100 million t in
the Wood Mountain area, and over 160
million t in the Eastend area. The deposits
are composed of equal parts of silica sand
and kaolin. During 1986, research and
development work has been carried out at
the Saskatchewan Research Council, the
Colorado School of Mines Research Institute
and at Miles Laboratory in Colorado.
Detailed processing and engineering studies
were conducted on Ekaton kaolin, including a
study for a pilot plant to process 90 t
kaolin. A consulting firm from Georgia
completed a prefeasibility study for a
145 000 tpy kaolin mine and processing
plant. A decision on construction will be
made during the spring of 1987 with produc
tion expected to begin in early-1988. Kaolin
products will be used as a filler in the pulp
and paper industry of western Canada and
the northwestern United States. Ekaton
Industries Inc. is looking for a partner to
set up a joint venture for the kaolin project
in Saskatchewan.

In Manitoba, various kaolinitic-rock
deposits have been reported at Arborg, on
Deer Island (Punk Island) and Black Island
on Lake Winnipeg, and in the northwest at
Cross Lake and Pine River; the Swan River
Formation has also been investigated as a
potential source of kaolin.

In Ontario, extensive deposits of
kaolin-silica sand mixtures occur along the
Missinaibi and the Mattagami rivers. Carlson
Mines Ltd. of Toronto established the James
Bay Kaolin Company, as a subsidiary to
develop a kaolin-silica sand mine near Smooth
Rock Falls in Ontario. Production facilities
are expected to be constructed by mid-
1988. During 1986, Kilborn Limited was
commissioned to prepare a final feasibility
study for a 2 750 tpd open-pit mine and
processing plant. Carlson Mines Ltd. has
also exercised an option to purchase a 50
per cent interest in nine claims in the Moose
River Basin. Proven reserves have been
estimated at 57 million t of unconsolidated
materials to a depth of 34 m. A $7 million
plant will be started in 1987, providing 30
jobs.



Kaolin of Canada Inc. completed
geological and geophysical work on its
property in the Kipling Township, Ontario.

In Quebec, kaolin deposits have been
actively mined in the past as a coproduct of
a silica operation, near St-Rémi-d'Amherst,
in Papineau County. Occurrences near
Chiteau-Richer in Montmorency County and
Point~Comfort in Gatineau County have been
studied as potential. sources of kaolin for
alumina, suitable for aluminous cement and
refractories.

Ball Clay. Ball clay is defined as a fine-
grained, highly plastic and mainly kaolinitic
sedimentary clay. Natural colours range
from white to brown, blue, grey and black,
usually related to carbonaceous material.
Fired colours may be white to offwhite.
They are extremely refractory materials and
have less alumina and more silica than
kaolin. Ball clays occur in beds or
lenticular units characterized by complex
variation, both vertically and laterally.

Ball clays occurring in Canada are
mineralogically similar to high-grade, plastic
fire clay and are composed principally of
fine-particle kaolinite, quartz and mica.
These clays are known to occur in the
Whitemud and the Ravenscrag Formations -

Willowbunch Member - of southern Saskat-
chewan. Clay production takes place near
Claybank, Eastend, Estevan, Flintoft,

Readlyn, Rockglen, Willowbunch and Wood
Mountain.

Fire Clay (Refractory Clay). Fire clay is a
detrital clay mainly composed of kaolinite
with a high content of alumina and silica. It
usually occurs in sedimentary rocks as
lenticular bodies. These clays may range in
plasticity from essentially that of ball clay
to nonplastic varieties such as flint clay.
They are formed by alteration of aluminous
sediments deposited in a swampy environment
or following transportation and concentration
of clayey material.

Fire clay is used in the manufacture of
products requiring high resistance to heat
such as fire brick, insulating brick and
refractory mortar. The refractory suitability
is determined by the pyrometric cone equiva-
lent (PCE) test. Canadian fire clays are
used principally for the manufacture of
medium- and high-duty fire brick and
refractory specialties.

Clays and Clay Products

Various grades of good-quality fire clay
occur in the Whitemud Formation in southern
Saskatchewan and on Sumas Mountain in
British Columbia. Fire clay, associated with
lignite as well as with kaolin-silica sand
mixtures, occurs in the James Bay watershed
of northern Ontario along the Missinaibi,
Abitibi, Moose and Mattagami rivers. At
Shubenacadie, Nova Scotia, some seams of
clay are sufficiently refractory for medium-
duty fire clay. Clay from Musquodoboit,
Nova Scotia, has been used by some foun-
dries in the Atlantic provinces, and the
properties and extent of this clay were
investigated by the Nova Scotia Department
of Mines.

Stoneware Clay. Stoneware clays are
intermediary between low-grade common clays
and the high-grade kaolinitic clays. They
are typically a mixture of kaolinitic clay
minerals and micaceous clay minerals. Stone~
ware clays must be capable of being fully
vitrified at a relatively low temperature.

Stoneware clays are used extensively in
the manufacture of sewer pipe, flue liners,
and facing brick. They are widely used by
amateur and studio potters.

The principal source of stoneware clay in

Canada is the Whitemud Formation in
southern Saskatchewan and southeastern
Alberta. Stoneware clays also occur near

Abbotsford on Sumas Mountain, at Chimney
Creek Bridge, Quesnel and Williams Lake,
British  Columbia; near Swan River in
Manitoba; and in Nova Scotia, at
Musquodoboit and at Shubenacadie where it
is used principally for manufacture of buff-
facing bricks.

Bentonite and Fuller's Earth. Bentonite
consists primarily of montmorillonite clay,
and is formed from volcanic ash, tuff or
glass, other igneous rocks, or from rocks of
sedimentary origin. Sodium bentonite has
strong swelling properties and possesses a
high dry-bonding strength. Calcium benton-
ite of the non-swelling type, exhibits
adsorptive characteristics. Fuller's earth
contains mainly smectite-group clay minerals
and is very similar to non-swelling benton-
ite. It is formed by alteration of wvolcanic
ash or by direct chemical precipitation of
montmorillonite in shallow marine basins.
Fuller's earth is characterized by absorptive
properties, catalytic action, bonding power
and cation-exchange capacities.
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Drilling Mud and Activated Clays. Drilling
mud contains about 10 per cent swelling
bentonite. Synthetic bentonites may also be
used for special muds. The swelling proper-
ties of a bentonite used as a drilling mud
may be improved by adding soda ash in a
drying process to substitute calcium cations
with sodium cations. Activated clays are
non-swelling bentonites that are acid-leached
to remove impurities and to increase the
reactive surface and bleaching power. They
are used for decolouring mineral oils and as
catalysts.

Bentonite, fuller's earth and activated
clays are covered in sections of a separate
mineral review.

CANADIAN INDUSTRY

Clays. Production of clays is captive to
their use in lightweight aggregates, cement
and mineral wool insulation, which consumed
mainly common clay, stoneware clay and ball
clay. In 1986, there was no commercial
kaolin operation in Canada, and all require-
ments were supplied by imports mainly from
Georgia and South Carolina, U.S.A. On a
nine month basis in 1986, imports of kaolin
rose by 12.3 per cent to 227 505 t over the
same period in 1985. The average unit value
of imports increased by 6 per cent to
$142 per t. Imports were mainly in Ontario
(57 per cent), Quebec (27 per cent), British
Columbia (5 per cent) and Manitoba (4 per
cent).

In Canada, imported kaolin is
used mainly in the pulp and paper industry
which accounts for around 80 per cent of
total consumption, followed by ceramics
(4.5 per cent), rubber (3.7 per cent) and
paint and varnish (3 per cent). Reported
consumption of kaolin in 1985 grew by 9 per
cent largely due to higher consumption in
the pulp and paper industry which is
concentrated in Ontario (50 per cent) and
Quebec (45 per cent).

During 1986, imports of fire clay
dropped significantly by 38 per cent to
21 140 t. Fire clay is imported mainly from
the United States (98 per cent) and United
Kingdom (2 per cent) into Ontario (85.3 per
cent) and Quebec (9.5 per cent). The
average unit value for imported fire clay
increased by 39 per cent to $99 per t. All
requirements for clays in western Canada are
supplied by the United States. Fire clay is
used mainly in refractories (30 per cent)
and foundries (20 per cent).

Clay products. Clay products include struc-

tural materials - such as bricks and tiles -
sewer pipes, flue linings, drain tiles,
earthenwares, tablewares, sanitaryware and
pottery. In 1986, some 40 companies

accounted for about 95 per cent of the total
value of shipments of clay products based on
both domestic and imported clays. The
value of shipments of clay products from
domestic clays rose significantly by 30 per
cent to $180.4 million due to a higher level
of construction in Quebec (67 per cent),
Ontario (24 per cent), British Columbia
(47 per cent) and Alberta (30 per cent).
Shipments of building and face bricks in
Canada increased by 18 per cent in 1986.
Higher levels of production were reported in
residential construction, particularly in
Ontario and Quebec with respective increases
of 21.5 and 24.3 per cent. Clay brick pro-
ducers in western Canada were less fortu-
nate as brick shipments increased by only 10
per cent; in British Columbia shipments drop-
ped by 20 per cent, mainly due to reduced
activity in the commercial construction.

The residential construction sector
accounted for more than 80 per cent of total
shipments of brick in the Atlantic provinces,
Quebec, Ontario and British Columbia but
for only 50 per cent in the Prairies. Clay
brick producers in central Canada and the
Atlantic provinces operated at full capacity
in 1986, while they averaged 60 per cent in
western Canada. Ontario, the major market
for brick, accounted for 72 per cent of total
brick shipments, followed by Quebec (17 per
cent), Western Provinces (7 per cent) and
Atlantic Provinces (5 per cent).

For the first nine months in 1986,
shipments of imported brick and block rose
by 23.4 per cent to $14 million compared to
the same period in 1985. The United States
is the leading supplier with 86 per cent of
total imports of bricks, blocks and tiles.
Imported bricks were shipped mainly to
Ontario (82 per cent) and British Columbia
(13 per cent). The average import price in
1986 was about $153 per thousand bricks, a
significant increase of 16 per cent over
1985.

The value of shipments of imported
ceramic tiles increased by 53 per cent for
the first nine months of 1986. Italy was the
principal supplier of ceramic tiles accounting
for 54 per cent of the total value of imports
followed by Spain (12 per cent) and Japan
(11 per cent). Imports were mainly in
Ontario (49 per cent).



During 1986, Brampton Brick Limited of
Brampton, Ontario, acquired Citadel Brick
Ltd. of Beauport, Quebec, the major brick
manufacturer in eastern Quebec with an
annual output of 50 million units.

Canada Brick Co., division of Jannock
Limited of Streetsville, Ontario, announced
the construction of a new facebrick plant in
Burlington. The construction of a 75 million
brick per year manufacturing facility started
in 1986 and will be completed in the summer
of 1987 at a cost of $25 million, creating 35
permanent jobs. The company has con-
tracted Swindell Dresser Corporation for
engineering and construction. The plant will
be using the low firing concept and will have
the largest capacity for brick in North
America when the second phase of construc-
tion is completed in two years, doubling the
capacity of production at a cost of
$10 million. Most of the new production will
be used in Ontario but the United States
represents a potential market for exports.

Maritime Clay Company of Oakville,
Ontario, purchased land in Middle
Musquodoboit, Nova Scotia, for the con-
struction of a $770,000 manufacturing plant.
The company already has equipment in place
for using clay from the Musquodoboit Valley
to manufacture ceramic dinnerware.

Refractories. Refractories are produced in
Canada by 16 major manufacturers of basic
and alumina-silica products. Special refrac-
tories such as refractory mineral wool and
carbon-compound mortars are also pro-
duced. In 1985, imports of refractories
amounted to $156 million, an increase of
10.6 per cent over 1984. On a nine month
basis in 1986, the value of imported refrac-
tories remained steady at close to $116
million. Magnesia refractory brick and
shapes accounted for 24 per cent of the total
value of imported refractories, followed by
alumina brick and shapes (18.3 per cent).
Refractory bricks were imported mainly from
the United States (90 per cent) into Ontario
(85.7 per cent) and Quebec (13.3 per
cent). The average unit values for imports
of alumina brick and magnesite brick were
respectively $858 and $1,206 per t in 1986.
Exports of refractory bricks and shapes
dropped by 17.7 per cent to $15 million on a
nine-month basis in 1986.

WORLD REVIEW
In 1985, the world production of kaolin was

estimated at 21 190 000 t. The United
States was the major producer with 34 per

Clays and Clay Products

cent of total world production, followed by
the United Kingdom (14 per cent) and the
U.S5.S.R. (13 per cent). Ball clay produc-
tion is dominated by West Germany, the
United States and the United Kingdom.
While plastic refractory clay is produced
widely, fire  flint clay production is
restricted to Australia, Austria, Chira,
France, Hungary, South Africa, United
States and U.S.S.R.

Australia

Australia China Clays started trial produc-
tion of kaolin at the pilot plant near
Gulgong, New South Wales. Products should
be suitable for the porcelain and tableware
industries in South East Asia. Construction
of a 25 000 tpy plant is nearly completed.
An expansion is planned to double the initial
capacity in 1987.

Comalco Limited inaugurated a kaolin
mining and processing operation at its Waipa
bauxite mine in North Queensland with an
initial capacity of 100 000 tpy. Indicated
reserves are estimated at 23.5 million t.
The kaolin products can be used as a coat-
ing pigment in paper for markets in the
Pacific Basin. Comalco Japan KK has been
appointed agent in Japan.

Finland

Lohja Paperi Oy has been granted permission
from the Ministry of Environment to mine
kaolin at the Paljak nature parklands in
northern Finland. The refined kaolin will be
used in the Finnish paper industry.

Sri Lanka

Deposits of high grade kaolin have been
identified near Metiyagoda by the Geological
Survey Department. Reserves have been
estimated at 440 000 t grading 70 per cent
kaolinite.

Tanzania

Pugu Kaolin Co. received financial assistance
from the African Development Bank to carry
out a major expansion of the open-pit kaolin
mine and beneficiation plant. Proven re-
serves have been estimated at 11.2
million t.

United States

In the United States, the production of
kaolin in 1985 declined by 2 per cent to



7 070 000 t. Georgia accounted for 81.4 per
cent of total production followed by South
Carolina (11 per cent). The average unit
value decreased by 4 per cent to $US 76.4
per short ton. Kaolin accounted for 17 per
cent of total clay production and 59 per cent
of total wvalue. In Georgia, 85 producers
were in operation while 22 were active in
South Carolina. Waterwashed kaolin
accounted for 48 per cent of total kaolin
production followed by airfloat products (16
per cent) and calcined kaolin (14 per cent).
Kaolin was mainly used in paper coating (35
per cent), paper filling (18 per cent),
ceramics (9 per cent), refractories (8 per
cent) and rubber (5 per cent). In 1985,
exports of kaolin amounted to 1.25 million t,
a 2 per cent decline from 1984, and were
shipped mainly to Japan (32 per <cent),
Canada (20 per cent), the Netherlands (11
per cent) and Italy (8 per cent).

Albion Kaolin Co., owned by United
Catalysts Inc., has introduced a statistical

quality control system at its Hephzibah
kaolin operation in Georgia. This system
involves product specifications analysis

during processing and prior to shipment.
Such controls ensure quality of shipments
from the supplier, product consistency and
eventually will permit to control processing
costs. Albion Kaolin also announced an
expansion at its slurry facilities in
Hephzibah, Georgia. The expansion includes
the installation of a high-speed mixer and
vibrating screen. The slurry is used to
manufacture refractories, ceramics and
fiberglass.

Anglo-American Clay Limited, a sub-
sidiary of ECC America Inc. continued to
work on its expansion program at the
Sandersville plant in Georgia. The expan-—
sion will raise production capacity by 65 per
cent for opacifying pigment and by 25 per
cent the drying capacity for high-brightness
coating clay grades.

Englehard Corporation of Seneca, South
Carolina, began the construction of a $25
million facility to produce custom catalysts
used in industrial and pharmaceutical
products.

J.M. Huber Corp. has instituted the use
of a superconducting magnet for the separa-
tion system at its wet processing plant near
Wrens in Georgia. The unit which costs
$2.1 million is used to remove micron-sized
iron-bearing impurities with lower energy
consumption and improved processing speed.
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Union Carbide Corporation acquired a
50 000 tpy plant in Savannah, Georgia, that

manufactures kaolin-based cracking
catalysts.
OUTLOOK
Clays and clay products are materials

characterized mainly by high bulk, low unit
value and a sensitivity to transportation
costs. Therefore, they are very sensitive to
fluctuations in the general economic climate.
Structural clay products are mainly used in
the construction sub-sectors such as
residential and non-residential building.

The restructuring of the North American
refractories industry reflects the rationali-
zation occurring in the U.S. refractory
industry and spreading into Canada. Such
changes are necessary because of techno-
logical improvements in the industry and
because of reduced consumption in the
metallurgy sector. The U.S. Bureau of
Mines expects demand for refractory clays to
grow at an average annual rate of 4.9 per
cent for the period 1983-2000.

In the next decade, the refractory
industry in North America will undergo major
changes as it will digest the overcapacity
which is currently estimated at between 35
and 50 per cent. Rationalization and
consolidation will result in more efficient
manufacturing. The North American refrac-
tory industry will follow the specialization
and diversification trends established in
Europe.

In 1987, the consumption of refractories
is forecast to decline slightly. Demand for
refractories has been decreasing since 1980
because of lower steel production, the tradi-
tional but highly competitive market for
refractories. The strong decline in refrac-
tories shipment over most of the current
decade is also resulting from improvements in
the performance of refractories which last
longer. The increasing usage of water-
cooled panels in electric-arc furnaces and
hot-metal pre-treatments also reduces the
consumption of refractories. The usage of
low-grade fire clay and siliceous materials is
forecast to decline while refractories made of
fired dolomite, magnesia-chrome and
magnesia-carbon will be used for more severe
operating conditions. Flint clay refractories
will be replaced by higher alumina materials
with greater performance in ladle linings in
particular.



Traditional markets are likely to assume
less importance as refractories producers
explore new markets in metal casing, non-
ferrous metals, chemicals, ceramics and
mineral processing. The field of advanced
ceramics is also seen as the new challenge
for refractories.

Canada is currently dependent on
imports, mainly from the United States for
its supplies of <china clay. However,
developments in Ontario and Saskatchewan
are being undertaken in anticipation of grow-
ing demand from the paper industry. In the
fine and coated papers sector demand for
kaolin will continue to be strong. Shipments

Clays and Clay Products

of fine paper rose by 12 per cent in 1986
and are expected to increase by 10 per cent
in 1987.

Kaolin is the dominant pigment used in
the North American paper industry which
uses the acid-wet end system. In the 1970s,
the paper industry in North America started
to convert the production process to the
neutral/alkaline system. Kaolin has been
tested and found adequately compatible with
the neutral/alkaline system, even if its
whiteness is not equivalent to that of calcium
carbonate. Nevertheless, it is expected that
kaolin will continue to be the major pigment
used in the paper industry although the use
of calcium carbonate will likely grow at a
higher rate.
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PRICE QUOTATIONS FOR BALL CLAY AND
KAOLIN

Chemical Marketing Reporter, December 1986

$US per short ton

Ball clay, f.o.b. Tennessee

Airfloated, bags, carload 49.00
Crushed, moisture repellent,
bulk carload 24.00

Kaolin, f.o.b. Georgia
Dry-ground, airfloated,

soft 60.00
NF powdered, colloidal,

50 1b bags, 5,000 1b lots 480.00
Waterwashed, fully calcined,

bags, carload 255.00

Waterwashed, uncalcined,
delaminated paint grade,

1 micron average 182.00
Uncalcined, bulk, carlocad

No. 1 coating 94.00
No. 2 coating 75.00
No. 3 coating 73.00
No. 4 coating 70.00
filler, general purpose 58.00

Industrial Minerals, December 1986 quotation
(E1.00 = $US 1.40-1.60)

£ per tonne

Ball clay, f.o.b. works

Air dried, shredded, bulk 15-40

Refined, noodled, bulk 35-40

Pulverized, air floated,

bagged 50~-80

Kaolin, refined, bulk, f.o.b.

works

Coating clays 75-120

Filler clays 40-60

Pottery clays 25-65

f.o.b. Free on board.
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Clays and Clay Products

TARIFFS
Most
British Favoured General
Item No. Preferential Nation General Preferential
(3)

CANADA
29500-1 Clays, including china clay,

fire clay and pipe clay not

further manufactured than

ground free free free free
29525-1 China clay free free free

UNITED STATES (MFN)

(¢ per long ton)

521.41 China clay or kaolin 33.0
521.81 Other clays, not beneficiated free
521.84 Other clays, wholly or

partly beneficiated 50.0

1986 1987
(¢ per long ton)

521.71 Common blue clay and other

ball clays, not beneficiated 38.5 38.
521.74 Common blue clay and

other ball clays wholly

or partly beneficiated 78.0 77.
Sources: The Customs Tariff, 1986, Revenue Canada, Customs and Excise; Tariff Schedules

of the United States Annotated (1986), USITC Publication 1775, U.S. Federal Register.

Note:

products, viz., brick, pottery, artware, etc.

TABLE 1.

DOMESTIC SOURCES, 1984-86

CANADA, VALUE OF PRODUCTION OF CLAYS AND

In addition to the above tariffs various duties are in existence on manufactured clay

CLAY PRODUCTS FROM

1984 1985P 1986¢
($000)

Production from domestic sources, by provinces
Newfoundland 1,546 1,340 1,480
Nova Scotia 6,430 7,070 7,730
New Brunswick 3,313 4,150 3,350
Quebec 20,945 19,130 31,780
Ontario 83,461 89,130 110,410
Manitoba 2,156 2,160 2,480
Saskatchewan 3,561 3,810 4,060
Alberta 8,153 7,830 10,160
British Columbia 7,230 3,620 8,900
Total 136,795 138,240 180, 350

Productionl from domestic sources, by products
Brick - soft and stiff mud process and dry press 113,539 116,120 153,300
Drain tile 3,283 2,770 3,250
Flue linings 6,292 6,220 8,110
Other products? 9,851 8,850 10,820
Small establishments not reporting detail 3,830 4,280 4,870
Total 136,795 138,240 180,350

Source: Statistics Canada.

1 Producers' shipments.

Distribution estimated by Energy,

2 Including also sewer pipe and all potteries.
P Preliminary; € Estimated.

Mines and Resources Canada.
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TABLE 2. CANADA, INPORTS AND EXPORTS OF CLAYS, CLAY PRODUCTS, CERAMIC PRODUCTS AND REFRACTORIES,

1984-86
(Jan.-Sept.)
1984 1985 1886P
(tonnes) ($ooo} {tonnes} {$000) {tonnes) (soo00
Imports
Clays
China clay, ground or unground 253 080 32,181 271 473 36,528 227 505 32,268
Fire clay, ground or unground 43 744 3,236 44 195 3,248 21 139 2,081
Clays, ground or unground nes 106 661 8.151 145 874 11,571 124 591 9.903
Bentonite 337 054 15,307 346 092 18,110 215 399 10,981
Fuller’s Earth 4152 525 1 965 561 3 867 324
Drilling mud 4 326 2,697 7 111 5,135 3 083 2,077
Clays and earth, activated 12 669 10,307 12 938 13,279 9 17 8,856
Subtotal, clays 761 686 72,404 832 648 8,432 505 301 56,490
Clay Producta ) (M) M)
Brick-building, glazed 2 307 385 6 639 629 2 697 431
Brick-building, nes I 228 5,492 61 A5 8,875 62 525 9,564
Building blocks and hollow tilea . 952 .. 1,532 . 1,279
Brick acid-proof . 67 . 30 - 49
Clay bricks, blocks and tiles, nes .. 4,673 .. 4,163 . 2,658
Ceramic liles (m?) (m?) (m2)
under 2 1/2% x 2 1/2* 810 775 4,872 407 216 3,095 194 678 1,652
over 2 1/2% x 2 1/2* 9 202 855 60,724 8 748 544 58,972 8 37) 604 65,537
Subtotal, bricks, blocks, tiles . 77,185 . 77,296 . 81,170
Ceramic Products
Tableware, ceramics e 104,426 .. 111,829 .. 102,249
Sanitaryware i 118 .. 133 . 306
Artware . 30,598 .. 33,467 . 28,864
Porcelain, tlectric insulators - 28,786 .. 29,332 . 24,251
Chemical stoneware, exc. laboratory . 1,103 . 1,958 1,969
Pottery settings and firing supplies e 507 . 757 .. 608
Pottery basic products, nes .. 2,852 .. 6,281 .. 4,275
Clay end-products, nes .. 1,687 .. 1,320 1,048
Sublotal. ceramics . 170,077 - 183,119 . 163,570
Refractories
Fire brick and shapes
Alumina 24 750 20,682 27 987 23,628 15 998 13,740
Chrome 1539 1,848 219 356 218 382
Magnesite 21 592 25,841 25 047 28,741 15 449 18,578
Silica 3 918 3,292 1958 3,299 1 485 1,809
Nes 124 968 50,927 11 9% 52,439 83 203 40,478
Refraclory cements and mortars . 17,011 . 19,936 .- 14,584
Plastic fire brick and ramming mixture . 1,272 . 2,173 . 1,701
Crude refractory materlals, nes 9115 1.969 12 182 2,955 6 801 1,440
Grog (refractory scrap) 5 089 585 4 105 534 5 210 554
Foundry facings e 2,266 . 2,403 .. 1,968
Refractories, nes . 15,240 .. 19,913 .. 21,420
Subtotal, refractories o 140,933 - 156,377 o 116,654
Total clays, clay products,
ceramics, and refractories . 160,579 AN 534,459 - 427,684
Imports by main countries
United States . 234,650 .. 263,388 . 195,267
United Kingdom .. 51,965 . 60,483 . 60,257
Japan . 56,575 .. 64,526 .- 55,329
Italy ) 35,128 . 35,850 .. 40,267
West Germany .. 17,808 . 22,869 . 17,392
Spain - 11,561 .. 9,103 . 9.309
South Korea . 5,387 .. 4,843 - 7,484
Brazil . 3,945 .. 4,501 . 7.271
Taiwan .. 8,785 .. 8,822 .. 7,172
People's Republic of China . 4,491 .. 5,471 . 4,956
France 5,115 .- 9,464 .. 4,096
Greece 5,282 .. 3,780 .- 3,945
Hong Kong 2,865 .- 1,657 .. 1,031
Other 17,023 .. 10,467 .. 14,108
Total e 460,579 o 505,224 - 427,884
Exports
Clays, ground and unground 646 150 5 350 2,792 1303 327
Clay products (M) (M) [
Building brick, clay 2 330 619 1 848 651 2 320 499
Clay bricks, blocks, liles, nes .. 1,890 . 1,850 .. 3,770
Subtotal, bricks, blocks, tiles » 2,659 i 5,293 e 4,596
High-tension insulators and fitlings .. 4,208 .. 4,674 .- 5,300
Tableware, nes . 7,942 .. 7,068 .. 11,880
Subtotal, porcelain, tableware " 12,150 — 11,742 - 17,180
Refractories
Flre brick and shapes 38 005 22,019 38 171 23,763 27 444 15,566
Crude refractory materials 579 488 2,428 534 579 3,416 497 225 3,111
Refractory nes . 31,587 .. 34,040 .. 30,758
Subtotal refractories Ve 56,034 . 61,219 . 49,435
Total clays, clay products
and rofractories " 70,843 " 78,254 e 71,211
Exporta by main countries
United States 54,153 . 55,559 .. 61,855
South Africa 1.408 .- 623 - 1,150
Cuba .. 2,165 . 3,530 . 1,084
Dominican Republic . 1,443 o 2,204 . 766
Other countries .. 11,674 .. 16,338 .. 6,356
Total " 70,843 e 78,254 — 71,211
Source: Statistics Canada.
P Preliminary: .. Not available: nes Not els e i M= Th nds; mé = Square metres.
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Clays and Clay Products

TABLE 3. CANADA, SHIPMENTS OF REFRACTORIES, 1981-84
1981 1982 1983 1984

(tonnes) ($000) (tonnes) ($000) (tonnes) ($000) (tonnes) ({($000)
Monolithics 25 103 14,026 28 948 18,404 26 624 17,726 39 B804 28,851
Fire brick and shapes 122 413 66,034 87 066 52,781 80 831 46,960 102 180 67,058
Cement and mortars 56 558 18,026 46 004 15,198 57 382 23,953 54 307 27,608
All other p!‘OduCtS1 e 34,002 o 26,753 oo 30,918 cee 28,331
Total e 132,088 e 113,136 «e. 119,557 e 151,848

Statistics Canada.
Includes also castables.

Source:
1

... Figures not appropriate or not applicable.

TABLE 4.

PRODUCTION AND TRADE, 1970, 1975, 1980-85

CANADA, CLAYS, CLAY PRODUCTS, CERAMIC PRODUCTS AND REFRACTORIES,

Production
Domestic Imported Refractory
Year Clays Clays Total Shipments Imports Exports
($ million)

1970 51.8 33.6 85.4 42.3 81.2 15.6
1975 78.4 59.1 137.5 65.0 177.4 25.1
1980 108.5 83.4 191.9 135.7 386.2 63.8
1981 119.1 85.1 204.2 132.1 432.0 65.7
1982 96.0 63.4 159.4 113.1 349.8 50.5
1983 129.1 57.8 186.9 119.6 374.2 56.0
1984 136.8 60.4 197.2 151.8 460.6 70.8
1985P 138.2 .. .. .. 505.2 78.3
Source: Statistics Canada.

1 Includes fire brick and shapes, refractory cements, mortars, and monolithics, plus all other

products shipped.

Includes electrical porcelains,

pottery, art and decorative ware plus all other products.

P Preliminary; .. Not available.

glazed floor and wall tile,

sanitaryware,
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TABLE 5. CANADA, REPORTED CONSUMPTION] OF CLAYS, BY INDUSTRIES, 1982-85

1982 1983 19842 1985P
(tonnes)
China Clay

Pulp and paper products3 92 997 97 2557 147 234 165 032
Ceramic products 6 680 10 267 9 527 9 468
Rubber and linoleum 5 951 6 568 7 225 7 850
Paint and varnish 5 510 6 1897 6 065 6 347
Other products4 74 513 21 049r 21 138 21 141
Total 185 6517 141 328 191 189 209 838

Ball Clay
Ceramic products misc. 11 084 19 749 16 506 18 622
Refractories 11 969 2 578 2 280 2 271
Other5 78 951 45 049 51 084 45 418
Total 102 004 67 376 69 870 66 311

Fire Clay
Refractory brick, mixes 14 546 7 311r 8 136 10 680
Foundries 8 936 7 346F 8 514 8 272
Other6 4 183 21 596F 27 383 17_906
Total 27 665 36 234r 44 033 36 858

1l Reported from EMR survey on the consumption of nonmetallic minerals by Canadian

manufacture plants. 2 Increase in number of paper and paper products and paper pulp
companies surveyed. 3 Includes paper and paper products and paper pulp. 4 Includes
refractory brick and mixes, fertilizer stock and poultry feed, glass fibre, chemicals, roofing,
wire and cable and other miscellaneous products. 5 Includes structural clay products,

cements, paper and paper products, paint and varnish and other miscellaneous products.
Includes structural clay products, ceramic products, paint and varnish, petroleum refining,

and rubber products.

P Preliminary; T Revised.

TABLE 6. KAOLIN: WORLD PRODUCTION,
1982-85, MAJOR COUNTRIES

1982 1983 1984r 1985¢€
(000 tonnes)

United States 5 770 6 530 7 210 7 070
United Kingdom 3 560 2 720 2 970 3 000

U.S.S.R.e 2630 2630 2810 2 900
Colombial 810 760 940 900
Spain3 700 680 840 850
South Korea 630 680 720 660
Czechoslovakia 530 660 670 650
Indial 630F 6507 680 630
Brazil? 490 420 490 550
West Germany 450 410 410 420
Romania 410 410 410 410
France 350 340 310 310
Others 1650 2750 2 620 2 840

Total 19 140 19 640 21 180 21 190

Source: U.S. Bureau of Mines, 1985, clays,
S. Ampian.

1l Crude, saleable kaolin. 2 Processed.
3 Included crude and washed kaolin.

I Revised; € Estimated.
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Clays and Clay Products

TABLE 7. MAJOR CANADIAN MANUFACTURERS OF STRUCTURAL CLAY PRODUCTS AND
REFRACTORIES, 1986, BY PROVINCE
Sizel
Raw and
Company Plant Location Products Material Remarks
NEWFOUNDLAND
Trinity Brick Products St. John's building bricks shale (B)
Limited
NEW BRUNSWICK
L.E. Shaw Limited Chipman facing brick, shale (E)
tiles, drainage
and partition
NOVA SCOTIA
L.E. Shaw Limited Lantz brick, block common clay, (E)
and tile ball clay
QUEBEC
Bricade Estrielle Inc. Westbury facing brick common clay (A)
Canada Brick Co. Laprairie building brick shale - (G)
div. of Laprairie and facing bought from
Domtar Inc.
in 1985
Citadel Brick Ltd. Beauport building brick, shale ~ (C)
div. of Brampton Brick drain tile and sold to
Limited flue lining Brampton
Brick in
1986
Didier Refractories Bécancour refractory brick alumina- (E)
Corporation and shape, mono- silica,
lithics and silica and
mortar basic
Dresser Canada, Inc. Grenville refractory brick alumina-silica (F)
Canadian refractories div. and shape, mono~ and basic
lithics
Duquesne Refractories Dorval refractory mono-— alumina-silica (A)
Limited lithics and and carbon
mortar
Montreal Terra—-Cotta Inc. Deschaillons building brick, shale, (B)
tile and flue common clay
lining
Quigley Canada Inc. Lachine- refractory brick fire clay, (A)
and shape, basic
cements
St. Lawrence Brick Co. Laprairie building brick shale (c)

Limited
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TABLE 7. (cont'd)
Sizel
Raw and
Company Plant Location Products Material Remarks
ONTARIO
Amos C. Martin Limited Parkhill drain tile shale (A)
Wallenstein
A.P. Green Refractories
(Canada) Ltd.
Acton div. Acton refractory brick alumina-silica (A)
Weston div. Weston and shape mono- alumina-silica (C)
lithics, insula-
tion
Babcock & Wilcox Burlington refractory brick alumina-silica (C)
Industries Ltd. and shape mono~ kaolin
lithics, mineral
wool
Bimac Canada Metallurgical Burlington refractory brick alumina-silica (B)
Limited and shape, mineral
wool
BMI Refractories Inc. Smithville refractory brick alumina-silica (A)
and shape, mortar and basic
Brampton Brick Limited
Brampton div. Brampton building brick shale (C)
Toronto div. Toronto building brick shale - (D)
bought from
United
Ceramics
Limited in
1985
Canada Brick Co. (E)
Burlington div. Burlington building brick shale - new plant
in con-
struction
Burlington div. Burlington building brick shale
F.B. McFarren div. Streetsville building brick shale
Mississauga div. Mississauga building brick shale - bought from
Ottawa div. Ottawa building brick shale - Domtar Inc.
in 1985
Streetsville div. Streetsville building brick shale
Dochart Clay Products Arnprior tile common clay (B)
Co. Ltd.
Dresden Tile Yard Dresden building brick, shale (A)
(1981) Limited tile and flue
lining
General Refractories Co. Smithville refractory brick basic (D)
of Canada Ltd. and shape, mortar
George Coultis & Son Thed ford tile, drain tile shale (B)

Limited
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TABLE 7. (cont'd)
Sizel
Raw and
Company Plant Location Products Material Remarks
ONTARIO (cont'd)
Glassrock Products of Hamilton refractory brick alumina-silica (a)
Canada Ltd. and shape, mono—- and fire-clay
lithics
Halton Ceramics Limited Burlington block and tile common clay (A)
and shale
Hamilton Brick Limited Hamilton building brick shale (B)
National Refractories Oakville refractory mono- alumina-silica (c)
and Minerals Corp. lithics, mortar and basic
and insulation
National Sewer Pipe Limited Oakville flue lining and shale and (B)
sewer pipe fire clay
North American Refractories Caledonia refractory mono- alumina-silica (B)
a division of General lithics, mortar
Chemical Canada Ltd. and insulation
Plibrico {(Canada) Limited Rurlington refractory mono- alumina-silica (E)
lithics, mortar zircon and
and mineral wool basic
R & I ~ Ramtite Canada Welland refractory mono- alumina~silica (C)
Limited lithics and
C-E Refractories div. mortar; brick
Riverside Refractories Nanticoke refractory shapes alumina-silica (A)
Canada Limited and mortars ~in con-
struction
in 1986;
completion
in 1987
MANITOBA
I1.XL Industries Ltd. Lockport brick and tile common clay (E)
Red River Brick and
Tile div.
SASKATCHEWAN
A.P. Green Refractories Claybank brick and shape alumina-silica (A)
(Canada) Ltd.
I.XL Industries Ltd. Regina facing brick, flue stoneware (A)
Western Clay Products div. lining and sewer- clay
pipe
Thunderbrick Limited Estevan building brick ball clay (c)

Estevan Brick div.
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TABLE 7. (cont'd)

Sizel
Raw and
Company Plant Location Products Material Remarks
ALBERTA
I.XL Industries Ltd.
Medicine Hat Brick and Medicine Hat brick, block, common clay (D)
Tile div. tile
Medicine Hat Sewer Pipe Medicine Hat sewer pipe and common clay (A)
div. flue lining
Northwest Brick and Tile Edmonton building brick common clay (B)
div.
Redcliff Pressed Brick Redcliff facing brick and common clay (B)
div. fire brick
BRITISH COLUMBIA
Clayburn Refractories Ltd. Abbotsford refractory brick, alumina-silica (D)
mortar and mono-
lithics
Fairey & Company, Limited Surrey refractory brick alumina-silica (A)
and shape, mono-
lithics, mortar
Sumas Clay Products Ltd. Sumas brick, drain tile common clay (C)

and flue lining

1 Size keys: (A) up to 25 employees; (B) 25-49; (C) 50-99; (D) 100-199; (E) 200-499;
(F) 500-999; (G) over 1000 employees.
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Coal and Coke

J.A. AYLSWORTH

For the first time in many years Canada's
coal industry will not set records for the
production or export of coal in 1986,
Statistics for the vyear indicate that the
volume of Canadian production will be down
6 per cent over 1985 to 57.0 million tonnes
(t) while exports decreased by 5 per cent to
25.9 million t. For the second consecutive
year imports and domestic consumption will
also decrease, the former by 12 per cent to
13.1 million t and the latter by 8 per cent to
44.6 million t.

The value of production also declined in
1986, for the first time in several vyears,
reflecting both a decreased level of output
and a lower average price received for
bituminous coal. The total value of Canadian
output, f.o.b. the mine, was $1,610 million,
down $296 million or 16 per cent from 1985.
British Columbia registered the largest
absolute decrease of $225 million, reflecting
both an 11 per cent reduction in the volume
of its bituminous coal production and a 10
per cent decrease in the average per tonne
value for this coal. The majority of British
Columbia's output is exported to metallurgical
and thermal coal markets in Asia, and the
volume and price reductions reflect the
surplus of coal available in this and other
markets. In absolute terms Alberta recorded
the second largest reduction of $69 million,
reflecting an 11 per cent reduction in both
the volume and price of its bituminous
output. Approximately 65 per cent of
Alberta's bituminous production is exported.

The value of coal output declined in Nova
Scotia, New Brunswick, and Saskatchewan in
1986. Unlike the case of bituminous produc-
tion in British Columbia and Alberta, these
declines only reflected reductions in output.
The average value per tonne of coal pro-
duced increased in each province. The only
instance in which both the volume and value
of coal output increased was sub-bituminous
production in Alberta. In this case, the
volume grew by 8 per cent and the value of
output rose by 12 per cent, the latter figure
reflecting an increase in the average per
tonne value as well as the growth in output.

In spite of these fluctuations, there were
signs that the industry looks forward to the
future with guarded optimism. Two new
mines, one in eastern and one in western
Canada, are under development. Trial
anthracite cargoes have been shipped from
western Canada to markets in Asia, Europe
and eastern Canada. Other potential mines
are under investigation. Three coal-fired
power stations are either under construction
or in the planning stage and others are
proposed for the 1990s.

Government funded and private sector
coal research, development and demonstration
work (R, D & D) continued to concentrate
on improving coal recovery, and the environ-
mentally sound combustion of coal. Late in
the year, the commissioning of a federally-
financed circulating fluidized bed (CFB)
boiler began in Chatham, New Brunswick.
The project is part of a program to demon-
strate that simultaneous combustion of high
sulphur coal in combination with oil shale can
be achieved in a CFB boiler in an economical
and environmentally acceptable manner. The
combustion of coal water fuels in an oil-
designed boiler was also initiated in 1986
with test results to be available in 1987.

The Canadian coal industry responded to
the challenges of an evolving and
restructuring world coal market by, among
other things, selling into new markets such
as the steel industry in Chicago, central and
eastern Canada, and the power utility market
in Florida. Canadian coking coal was also
marketed to Portugal for the first time in
1986.

However, signals in the international
market especially late in the year, suggest
that 1987 will be another difficult year with
a continuing oversupply of coal and resulting
downward pressures on both prices and
volumes. These pressures in the last few
years have led to major thrusts within the
Canadian industry to reduce <costs and
improve productivity and to some corporate
restructuring in both the domestic and
export sectors.

J.A. Aylsworth is with the Mineral Policy Sector, Energy,
Mines and Resources Canada. Telephone (613) 995-9466. 20.1



REPORT ON THE EXPANDED USE OF
WESTERN CANADIAN COAL IN ONTARIO

In August 1986 the report: "Western
Canadian Low-Sulphur Coal - Its Expanded
Use in Ontario® was released. The report,
prepared by a federal-provincial Task Force,
and jointly issued by the federal Ministers of
Environment, Mines and Transport and the
Ontario, Saskatchewan, Alberta and British
Columbia Ministers of Environment followed
a 1984 Ontario-Alberta report which assessed
the costs and benefits of increasing western
coal consumption in Ontario. The 1986
report focused on the role western coal could
play in reducing acid gas emissions from
Ontario Hydro's coal burning power plants.

Ontario Hydro is required by provincial
legislation to reduce its annual emissions of
sulphur dioxide - a principal source of acid
rain - by more than 50 per cent by 1994.
The utility currently burns a mix of medium-
sulphur coals from Pennsylvania and West
Virginia and low-sulphur coals from British
Columbia, Alberta and Saskatchewan.

The Task Force concluded that, while not
the most cost effective option for Ontario
Hydro, the increased use of low-sulphur
western Canadian coal to reduce acid gas
emissions has the potential to create up to
205,000 person years of employment over the
next 15 years and to generate $4.1 billion in
income. The report recommends that govern-
ments and the private sector actively pursue
the increased use of western Canadian coal
by exploring ways of lowering the mining
and transportation costs of bringing western
Canadian coal to Ontario and by initiating
funding for the development and demonstra-
tion of new, more effective technologies for
upgrading western Canadian coal.

PRODUCTION AND MINE DEVELOPMENTS

Total coal production in eastern Canada in
1985 remained virtually unchanged from the
previous year at 3.2 million t with Nova
Scotia production approaching 2.7 million t
and New Brunswick production 490 000 t.
The mines operated by Cape Breton
Development Corporation (CBDC) near
Sydney produced nearly 2.5 million t of coal
primarily for markets in Nova Scotia, but
also for markets in other parts of Canada,
and for export to European, Latin American
and Asian customers. During 1986, CBDC
delivered 1.9 million t of coal to Nova Scotia
Power Corporation's (NSPC) four electrical
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generating stations, about 485 000 t of
coking and thermal «coal to overseas
customers, and approximately 60 000 t to
industrial consumers in Quebec.

Production will increase in 1987 with the
official opening of the Phalen mine. This
operation, which will eventually employ over
700 miners and produce 1.5 million tpy, is
scheduled to achieve full production levels
by the end of 1987. One-half of its output
will be available for provincial electricity
generation with the remainder targetted for
export and other domestic markets. A
number of small mines also produce coal for
the local industrial and residential markets.

During 1986, Suncor Inc. completed work
on the feasibility study of its Pictou County
coal project and submitted its Stage II
environmental impact assessment to provincial
authorities.  Development of the 600 000 to
900 000 tpy mine is dependent upon further
business and market developments.

Coal production in New Brunswick is
controlled by N.B. Coal Limited which is 90
per cent owned by the New Brunswick
Electric Power Commission (NBEPC).
Production in 1986, all of which was destined
for NBEPC pgenerating stations, fell 13 per
cent to 490 000 t due to reduced demand for
coal and mechanical problems at the mine.
N.B. Coal Limited is considering expanding
coal output and purchasing a sixth dragline
to expand future market opportunities.

Coal production in Saskatchewan fell by
14 per cent in 1986 to 8.3 million t. This
was due to decreased provincial utility
demand which normally takes up between 80
per cent and 90 per cent of yearly provincial
production. Other markets for Saskatchewan
lignite coal include  utility and industrial
consumers in Manitoba and Ontario. Coal
requirements in some of these markets
declined as a result of the impact of the
lower oil prices and increased interfuel
competition.

Alberta was the only province to register
an increase in coal production in 1986 with
total output increasing by 507 000 t or 2 per
cent to 25.2 million t. This increase
consisted of an 8 per cent increase in
sub-bituminous production, to 18.2 million t,
and an 11 per cent decrease in bituminous
production, to 7.0 million t. All of Alberta's
sub-bituminous «coal is used within the
province for the generation of electricity.
Bituminous coal is sold domestically to
utilities in Alberta and Ontario and



internationally to steel companies, utilities
and industrial users in Asian, European,
Latin American, and United States markets.

One new mine is under active development
in Alberta and a second is under considera-
tion. The Genesee mine which will initially
supply 2 million t of sub-bituminous coal to
the new Genesee Generating Station near
Edmonton, is a joint venture between
Fording Coal Limited and Edmonton Power.
The smaller Brooks mine in southern Alberta
is under study by Fording Coal Limited.

British Columbia's coal production fell by
11 per cent or 2.6 million t in 1986 to 20.4
million t reflecting both difficult world
market conditions and unusually lengthy
labour disputes at the province's largest coal
producer, Westar Mining Ltd. Nearly all of
British Columbia's output is exported to
overseas markets, although a modest amount
is also marketed domestically to Ontario
Hydro.

In spite of this decrease in output,
several properties are under active
consideration in British Columbia for
development later in this decade or early in
the 1990s. The most advanced of these
properties is the Mount Klappan anthracite
coal project of Gulf Canada Corporation.
Feasibility studies on the major elements of
this mine have been completed and test
shipments of anthracite products have been
sent to European, Quebec and South Korean
destinations. The Stage II application and
request for approval in principle are
scheduled to be submitted to the provincial
government in early-1987. Current plans
call for the mine to have an initial annual
design capacity of 1.5 million t. The coal
would be trucked approximately 250 km to
the ice-free port of Stewart for export. If
formal contracts are signed during 1987
development of the mine could occur before
the end of the 1980s.

Two other mines are in the evaluation
phase in British Columbia. One is the
Telkwa coal project of Crows Nest Resources
Limited in north-central British Columbia and
the other is the Quinsam coal project on
Vancouver Island, a jointly owned project
between Brinco Coal Corporation and
Weldwood of Canada Limited.

DOMESTIC COAL UTILIZATION
Preliminary figures suggest that domestic

coal consumption in 1986 will total 44.6
million t, down 8 per cent over 1985.

Coal and Coke

Virtually all of this decrease is accounted for
by reductions in coal demand from provincial
utilities.

Coal demand in the other major coal
consuming sectors, the steel industry and
the general industrial category, remained
relatively unchanged from 1985. The steel
industry consumed 6.1 million t in 1986,
down about 2 per cent from the previous
year, while "other"™ consumption, primarily
general industrial and commercial uses,
totalled 2 million t, equal to 1985
consumption levels.

Coal consumption in Nova Scotia in 1986
was 2.3 million t, up 2 per cent over 1985.
This increase is primarily due to the use of
164 000 t of coal by Sydney Steel
Corporation (SYSCO). The coke ovens were
on-stream all year in 1986 following a
shutdown for most of 1985. About 75 per
cent of the coal used by SYSCO came from
local sources with the remainder coming from
western Canada.

In addition to small volumes of coal used
in the "other" sector, the majority of Nova
Scotia c¢oal consumption occurs in the four
generating stations of Nova Scotia Power
Corporation (NSPC). Consumption at these
stations in 1986 totalled 2.1 million t, down
slightly from 1985 levels. Coal supplied
approximately 72 per cent of the electricity
generated by NSPC in 1986 and will provide
a larger percentage in the future as new
coal fired power facilities come on-stream in
1987 and early in the next decade.

The conversion of a 150 megawatt unit at
Point Tupper from oil to coal burning
capacity is under way and is scheduled for
completion in late-1987. When operating at
full capacity this unit will annually consume
400 000 t of coal. Following this, the next
major addition of coal-fired thermal
generating capacity to the NSPC system will
not occur until the early-1990s when a new
150 megawatt unit will be brought into
service at a location yet to be announced.

Coal consumption in New Brunswick
declined by 12 per cent in 1986, to
469 000 t due primarily to a reduction in the
use of coal to produce electricity. A
decision on the possible conversion of the
three unit, 1005 megawatt Coleson Cove
generating station from oil to coal remained
under consideration in 1986. If conversion
of this plant were to be undertaken it would
proceed one unit at a time.
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Quebec coal demand is confined to
industrial comsumers within the "other"
category and totalled 642 000 t in 1986, up
about 1 per cent over 1985.

For the second consecutive year, total
coal consumption and consumption of coal for
the generation of electricity both declined in
Ontario. Statistics for the year indicate that
total consumption fell by 12 per cent in 1986
to 15.9 million t, while coal use by Ontario
Hydro was 9.2 million t, down 17 per cent
compared with 10.985 million t in 1985. The
decline in coal demand in 1986 is due to the
greater availability and utilization of nuclear
generating capacity and to an overall reduc-
tion in electricity exports pgenerated from
coal.

Of the total coal consumed by Ontario
Hydro, about 70 per cent was bituminous
coal from the United States, about 20 per
cent bituminous coal from Alberta and British
Columbia mines, and about 10 per cent
lignitic coals from Saskatchewan. Forecasts
suggest that coal consumption will continue
to decline in 1987 and for the next few years
as new nuclear units come on-stream, but
could begin to grow again in the mid-1990s.

Coal consumption by the steel industry in
Ontario totalled 5.9 miilion t in 1986, down 5
per cent from 1985, while other coal use
(industrial and commercial) declined by 9 per
cent to 830 000 t.

Coal  utilization in Manitoba totalled
297 000 t in 1986, down just 31 per cent
from 1985. Coal-fired plants produced about
1 per cent of the electricity generated in the
province. Other coal demand in Manitoba
increased to 186 000 t in 1986.

Total coal consumption in Saskatchewan
decreased by 18 per cent to 7.0 million t in
1986. A general reduction in provincial load
requirements and the use of new hydro
capacity were responsible for this decrease.
Power generation accounts for 98 per cent of
the total coal demand in Saskatchewan and in
1986 totalled 6.8 million t, down from 8.3
million t in 1985. Longer term increases in
coal demand were, however, assured by the
decision by the provincial utility to build a
new 300 megawatt coal fired power station in
the southeastern corner of the province by
1991. Construction of this station, which
will be fueled from nearby lignite deposits,
will begin in 1987.

20.4

Alberta remained Canada's leading coal
consuming province in 1986, although it, like
all the other provinces, experienced a reduc-
tion in total demand. Consumption of coal
for the generation of electricity totalled 17.7
million t, down 2 per cent from the record
level of 18.1 million t in 1985. This
decrease occurred in spite of the commercial-
ization of a 380 megawatt unit at the
Sheerness Generating Station owned jpintly
by Alberta Power Limited and TransAlta
Utilities  Corporation. This new  unit
consumed approximately 1 million t of coal
during the year.

The next major coal-fired station addition
in the province will be the first of two 400
megawatt units at Edmonton Power's Genesee
generating station southwest of Edmonton.
Construction of this unit resumed in 1986
after two deferrals and is now scheduled to
come on-stream in 1989, Other new
coal-fired units are planned for the 1990s.

Coal consumption in British Columbia is
limited to the industrial sector and totalled
71 000 t in 1985. Consumption in 1986,
however, more than doubled to 152 000 t as
the result of the use of a coal-water fuel in
a cement kiln in a plant near Vancouver.
Over 90 per «cent of the natural gas
previously used in the plant has been
replaced with a coal-water fuel in an experi-
ment carried out by the cement company with
the support of the federal government.

TRENDS, DEVELOPMENTS, AND OUTLOOK

The world recession of the early-1980s,
combined with economic and institutional
changes under way in many mineral and
energy producing and consuming nations,
has already had, and will continue to have,
significant impacts on the rates of growth of
world and domestic coal markets. It is
within this global context that the Canadian
industry must adjust and prepare for the
future.

On the surface, the Canadian industry
appears to have fared well in the 1980s.
While world coal trade grew by 43 per cent
between 1979 and 1985, Canadian coal
exports increased by an impressive
100 per cent. Only Australia, among the
other major coal traders, with an increase of
119 per cent, exceeded the Canadian export
growth level. During the same peried,
South African exports grew by 89 per cent
and United States exports by 41 per cent.



Impressive as these growth figures may
appear, however, they mask an international
industry caught up in major structural,
technological and institutional changes.

The world shortage of coal in the
late=1970s and very early-1980s has been
replaced with oversupply, falling prices and
expanding capacity. The global recession of
the early-1980s accentuated the structural
and other changes already under way in the
established steel industries around the
world. The impacts on the Japanese steel
industry, which in 1985 purchased 62 per
cent of Canada's coking coal exports, were
especially important because of its pre-

eminent  position in  world coking coal
markets.

Technological changes, including
improvements in existing blast furnace

efficiencies and the trend towards electric
arc furnaces contributed to reductions in
overall demands for coal in several steel
producing countries.

Specific developments, including a growth
in steel production and export potential in
developing countries such as South Korea,
Taiwan and Brazil, compounded problems for
traditional steel producers in Japan, Europe
and the United States. More recently,
currency exchange rate fluctuations further
eroded markets of established steel
producers, especially that of Japan due to
the appreciation of the yen.

The resulting slowdown in the growth of
steel production in addition to a slackening
in the pace of growth in energy demand,
plus major expansions in new coal export
capacity produced an unprecedented excess
capacity in world <coal markets in the
early-1980s.

The Canadian coal industry adjusted to
these evolving market forces by diversifying
not only with respect to the countries and
end users receiving its coal, but also with
respect to the products it sold. Recent
increases in sales to existing and new
markets in Asia, Europe and even the United
States attest to progress in this area.
Increased sales of the so-called "weak" or
"soft" coking coals can be viewed as a
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success in adapting to new market
opportunities, although they add little to
already seriously depressed profit margins.

On the domestic scene, growth in demand
for Canadian coal is more predictable but not
necessarily without slowdowns and delays.
Energy demand growth rates vary among
provinces, and while the general trend is
upwards, this does not necessarily translate
into increased utilization of coal as most
provinces have a variety of generation
options. Nevertheless, coal demand is
forecast to grow in several provinces over
the next few years.

The prospects for the Canadian coal
industry will vary depending on the market
in which the «coal is sold. On the
international scene, particular factors such
as the sanctions issue related to South
African coal, the changes under way in
world steel industries, exchange rate
relationships and the development of major
new production capabilities in such countries
as Colombia, China and elsewhere will do
much to influence the size and shape of
Canadian exports in the years ahead.

Other factors will also play an important
role in shaping the future of Canada's coal
industry. The rate and success of coal R,
D & D on new, more efficient and more
environmentally benign utilization technolo-
gies will impact on both domestic and inter-
national markets. Restructuring and
perhaps consolidation in both the domestic
and export sectors of the Canadian industry,
in combination with continuing efforts to
increase productivity and contain costs, will
go hand in hand with increased market and
product diversification. Given current and
forecasted levels of international and
domestic demand, it is widely believed that
the era of major annual increases in
Canadian production and exports is over.
Barring unforeseen political or demand-
supply interruptions in world trade patterns,
the near-term future for international coal
trade appears to be one of slow growth,
continued downward pressure on prices and
slowly changing trade patterns. These
pressures and trends can be expected to
create significant changes in both Canada's
and other countries' coal industries in the
1990s.
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TABLE 1. SUMMARY OF COAL SUPPLY BY TYPE AND VALUES, 1982-86

1982 1983 1984 1985 1986
(000 t) ($000) (000 t) ($000) {000 t) ($000) (000 t) ($000) (000 t) (3000)
DOMESTICI
Bituminous
Nova Scotia 3 052 175,000 2 986 144,000 3 094 162,000 2 800 158,000 2 695 155,000
New Brunswick 499 24,000 558 29,000 564 30,000 560 30,000 490 27,000
Alberta 6 978 338,000 7 315 371,000 7 630 337,000 7 841 331,000 6 994 262,000
British Columbia 11 768 654,000 11 697 588,000 20 775 1,020,000 22 994 1,106,000 20 359 881,000
Total 22 396 1,191,000 22 556 1,132,000 32 062 1,549,000 34 195 1,625,000 30 538 1,325,000
Sub-bituminous
Alberta 13 021 88,000 14 464 112,000 15 422 126,000 16 871 146,000 18 225 163,000
Lignite
Saskatchewan 7 494 73,000 7 760 95,000 9 918 131,000 9 672 135,000 8 281 122,000
Total 42 811 1,352,000 44 780 1,339,000 57 402 1,806,000 60 738 1,906,000 57 044 1,610,000
IMPORTED?
Bituminous and
anthracite
briquettes 15 773 1,132,000 14 667 1,031,000 18 352 1,366,000 14 867 1,124,000 13 125 999,600
Total 58 584 2,484,000 59 447 2,370,000 75 754 3,172,000 75 605 3,030,000 70 169 2,609,000
Sources: Statistics Canada; Energy, Mines and Resources Canada.

1 F.o.b. mines. 2 Value at United States ports of exit.
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TABLE 2. PRODUCER'S DISPOSITION OF CANADIAN COALl, 1985
New British
Destination Nova Scotia Brunswick Saskatchewan Alberta Columbia Canada
{000 tonnes)

Newfoundland 1 - - - - 1
Prince Edward Island 7 - - - - 7
Nova Scotia 2 217 - - 31 - 2 248
New Brunswick 62 557 - - - 619
Quebec 61 - ~ - - 61
Ontario - - 981 1 415 638 3 034
Manitoba - - 388 1 52 441
Saskatchewan - - 8 304 1 29 8 334
Alberta - - ~ 18 010 - 18 o010
British Columbia - - - - 170 170

Total Canada 2 348 557 9 673 19 458 889 32 925
Japan - - - 4 123 14 418 18 541
Others 62 - - 1 303 7 074 8 839

Total shipments 2 810 557 9 673 24 884 22 381 60 305
Sources: Statistics Canada; Energy, Mines and Resources Canada.
1 Saleable coal (raw coal, clean coal and middling sales).
- Nil.
TABLE 3. SUMMARY OF COAL SUPPLY-DEMAND, 1975-86

Canada Production Imports
Sub- Total Domestic
Year Bituminous Bituminous Lignite Total Anthracite  Bituminous Available Consumption  Exports
{million tonnes)

1975 15.8 6.0 3.5 25.3 0.4 15.4 41.1 25.5 11.4
1976 14.4 6.4 4.7 25.5 0.3 4.3 40.1 28.2 11.9
1977 15.3 7.9 5.5 28.7 0.4 15.0 44.1 30.8 12.4
1978 17.1 8.3 5.1 30.5 0.3 13.8 44.6 31.7 14.0
1979 18.4 9.6 5.0 33.0 0.2 17.3 50.5 34.8 13.7
1980 20.2 10.5 6.0 36.7 0.3 15.5 52.5 37.3 15.3
1981 21.7 11.6 6.8 40.1 0.4 14.4 54.9 38.4 15.7
1982 22.3 13.0 9.5 42.8 0.3 15.5 58.6 41.5 16.0
1983 22.5 14.5 7.8 44.8 0.3 14.4 59.5 43.6 17.0
1984 32.1 15.4 9.9 57.4 0.2 18.1 75.7 48.6 25.1
1985 34,2 16.8 9.7 60.7 0.3 14.6 75.6 48.7 27.4
1986 30.5 18.2 8.3 57.0 0.4 12.7 70.1 44.6 25.9

Sources: Statistics Canada; Energy,

Mines and Resources Canada.

?)0) pue jecH



TABLE 4. COAL USED BY THERMAL POWER STATIONS IN CANADA, BY PROVINCES,
1967-86

Nova New Saskat- Total
Scotia Brunswick Ontario Manitoba chewan Alberta Canada

(000 tonnes)

1967 758 275 4 435 38 1 334 1 427 8 267
1968 646 240 5 523 179 1 354 2 128 10 070
1969 676 150 6 424 51 1123 2 378 10 802
1970 548 113 7 696 503 1 969 2 951 13 780
1971 689 271 8 560 446 1 996 3 653 15 615
1972 663 281 7 599 410 2 145 4 113 15 211
1973 585 193 6 615 386 2 806 4 474 15 059
1974 606 292 6 721 132 2 902 4 771 15 424
1975 571 248 6 834 323 3 251 5 345 16 572
1976 730 207 7 612 979 3 521 5 996 19 045
1977 572 198 8 795 1 113 4 304 7 461 22 443
1978 771 151 9 097 341 4 585 8 029 22 914
1979 644 198 9 901 73 4 956 9 181 24 956
1980 1 052 315 10 779 240 4 972 10 424 27 782
1981 1 126 515 11 460 332 4 935 11 445 29 813
1982 1 300 548 12 484 184 5 897 13 242 33 656
1983 1 400 564 13 025 109 6 625 14 492 36 216
1984 1 974 610 13 413 163 7 925 16 123 40 208
1985 2 235 521 10 985 253 8 290 18 112 40 396
1986 2 137 469 9 172 111 6 786 17 719 36 394

Sources: Statistics Canada; Energy, Mines and Resources Canada.
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TABLE 5. EXPORTS OF CANADIAN COAL

BY DESTINATION AND VALUE!
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TABLE 6. CANADA, COAL PRODUCTION,
IMPORTS, EXPORTS AND CONSUMPTION,
1981-86

Domestic

Pro- Con-~

duction Imports Exports sumption
(000 tonnes)

Country Total Value
(kilotonnes) ($000)
1985
Japan 18 541 1,430,317
South Korea 3 580 223,696
Bragzil 899 62,848
France 736 ve
Hong Kong 506 .-
Taiwan 496 ve
United Kingdom 330 ..
Denmark 328 .
West Germany 326 ..
Sweden 313 ..
Unjted States 265 ..
Mexico 195 ..
Pakistan 178 .o
Belgium 140 ..
Chile 130 .
Spain 112 .o
Italy 67 .
Philippines 57 ..
Finland 56 ..
India 38 .
Iran 31 .-
Netherlands 28 .o
Greece 26 .o
Total 27 378 1,962,632
1986
Japan 17 549 1,225,736
South Korea 3 127 175,511
Brazil 1 130 75,178
France 928 ..
Taiwan 549 ..
United Kingdom 384 ..
United States 343 .
Sweden 280 .
Denmark 278 .
Hong Kong 249 ..
Pakistan 228 .o
Netherlands 178 ..
West Germany 178 ..
Chile 177 .
Belgium 123 ..
Portugal 70 .
Yugoslavia 61 e
Philippines 60 ..
Mexico 51 ..
Total 25 943 1,703,924
Source: Statistics Canada and Energy,

Mines and Resources Canada joint survey,

Coal.

1 F.o.b. Port of Export.

.+ Not available.

1981 40 088 14 836 15 705 38 367
1982 42 811 15 773 16 004 4] 478
1983 44 780 14 667 17 011 43 649
1984 57 402 18 352 25 138 48 699
1985 60 738 14 867 27 378 48 656
19861 57 044 13 125 25 943 44 558
Sources: Statistics Canada; Energy, Mines

and Resources Canada.
Preliminary figures or estimates.
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TABLE 7.

SUMMARY OF COAL DEMAND, 1981-86

1981 1982 1983 1984 1985 1986
~ (000 tonnes)
DEMAND
Thermal Electric
Canadian 20 998 24 033 26 748 29 935 32 563 30 035
Imported 8 815 9 623 9 468 10 273 7 833 6 359
Total 29 813 33 656 36216 40 208 40 396 36 394
Metallurgical
Canadian 784 229 102 - 52 243
Imported 5 593 5 347 5 481 6 542 6 210 5 891
Total 6 377 5 576 5 583 6 542 6 262 6 134
General Industry
Canadian 1 133 1 260 847 813 582 655
Imported 1 044 986 1 003 1 136 1 416 1 375
Total 2177 2 246 1 850 1 949 1 998 2 030
Exports
Canadian 15 705 16 004 17 011 25 138 27 378 25 943
Total
Canadian 38 620 4) 526 44 708 55 886 60 575 56 876
Imported 15 452 15 956 15 952 17 951 15 459 13 625
Grand Total 54 072 57 482 60 660 73 837 76 034 70 501
Sources: Statistics Canada; Energy, Mines and Resources Canada.
- Nil.
TABLE 8. CANADA, COKE PRODUCTION AND TRADE, 1975-85
Production Imports Exports
Coal Petroleum Coal Petroleum Coal Petroleum
(tonnes)
1975 5 277 837 270 685 546 456 572 557 96 081 161 576
1976 5 289 185 678 432 287 249 591 859 169 895 136 970
1977 4 845 066 921 363 382 827 986 678 198 727 157 191
1978 4 967 664 1 014 076 553 349 973 985 217 595 134 762
1979 5 775 141 1 105 433 520 534 980 657 228 601 125 416
1980 5 249 744 1 156 444 626 923 908 322 319 554 150 200
1981 4 659 007 1 098 397 653 645 935 929 190 879 200 149
1982 3 999 117 1 083 129 453 915 650 810 129 793 104 897
1983 4 120 002 986 730 576 649 759 954 45 606 65 323
1984 4 900 478 1 072 983 660 257 886 734 116 226 55 300
1985 4 683 770 1 099 808 369 224 866 530 46 882 45 968
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Cobalt

R.G. TELEWIAK

Western world consumption of cobalt from
primary sources is estimated to have changed
little from the 18 000 t recorded in 1985.
An additional 2 000 t of cobalt contained in
secondary material was also utilized.
Supplies of primary cobalt were plentiful and
an estimated 3 000 t of inventories were
accumulated.

Demand from the superalloy sector,
which accounts for about one third of the
total, was again strong. This was led by
the manufacture of new commercial and
military jet engines, as well as normal
replacement of jet engine parts, primarily
turbine blades.

CANADIAN DEVELOPMENTS

The two mine producers of cobalt, Inco
Limited and Falconbridge Limited, recover
cobalt as a by-product of nickel-copper
production. Inco  operates mines in
Sudbury, Ontario and Thompson, Manitoba.
Falconbridge's mines are also in Sudbury.

At Sudbury, Inco continued with its
aggressive program to reduce costs, which
were lower in 1986 than in 1980. Cost
reductions have been achieved in all parts of
the operation, but particularly in mining.
One of the key factors in mining has been
the gradual switch to bulk mining methods.
In 1986, 83 per cent of Sudbury production
came from bulk mining methods, compared to
32 per cent in 1982.

In Manitoba, Inco officially opened its
Thompson open-~pit mine on September 23.
This high grade mine, which cost $100
million to develop, averages 2.7 per cent
nickel and has simpler metallurgy and better
recoveries than the Pipe mine which it
replaces. Consequently, it is one of the
world’s lowest cost mines.

Falconbridge continued its three-year,
$216 million program of preproduction,
development and capital expenditures which

was started at Sudbury in 1985. Major parts
of the program include deepening the
Strathcona No. 1 shaft and development of
the Craig and Onaping deposits. Falcon-
bridge had fallen behind in mine development
a few years ago, due to other priorities.

At Port Colborne, Ontario, Inco
operated its cobalt refinery at its capacity of
900 tpy of electrolytic cobalt rounds. The
refinery was opened in 1983 and high quality
cobalt metal is produced for use primarily in
the superalloy sector.

Cobalt feedstock supply for Sherritt
Gordon Mines Limited's refinery at Fort
Saskatchewan, Alberta, remained about the
same as in 1985. Sherritt Gordon toll-
refines cobalt for several producers and also
custom refines cobalt. With the termination
of the AMAX Inc. contract in late 1985,
there was a decrease in the amount of
material toll-refined.

Geddes Resources Limited continued to
hold the Windy Craggy copper-cobalt-gold
deposit in northwestern British Columbia but
no detailed exploration was undertaken. The
company is planning to start a 1 700 m adit
into the deposit in 1987, providing sufficient
financing can be obtained. The adit will be
driven through the zone rich in cobalt and
into the part of the deposit with higher gold
values. The deposit is reported to contain
318 million t of mineralization grading 1.5
per cent copper, 0.08 per cent cobalt plus
gold values.

WORLD DEVELOPMENTS

Producers operated, on average at a little
over 60 per cent of capacity. Zaire, which
is the largest producer, operated at about
50 per cent of capacity and produced an
estimated 11 000 t of cobalt. Zambia, the
second largest producer in the western
world, operated at <close to its annual
capacity of 5 100 t.

R.G. Telewiak is with the Mineral Policy Sector, Energy,
Mines and Resources Canada. Telephone (613) 995 9466. 21.1



In Finland, Outokumpu Oy announced
that it would suspend production for four
months in early 1987 at its Kokkola refinery,
due to weak international cobalt market con-
ditions. The company stated that if market
conditions did not improve, the shutdown
would be extended.

Nonoc¢ Mining and Industrial Corporation
in the Philippines operated intermittently
throughout the year. Initially, production
was reduced due to a labour dispute and
then halted at year-end due to weak market
conditions. An early resumption of produc-
tion is not expected.

Nonoc had been shipping its nickel-
cobalt mixed sulphide to Sumitomo Metal
Mining Co. Ltd. in Japan for refining. The
other Japanese cobalt producer, Nippon
Mining Company Ltd., suspended cobalt
refining due to a lack of feedstock. Nippon
had been obtaining its feedstock from
Queensland Nickel Pty. Lid.'s Greenvale mine
in Australia, but its contract for this
material expired at the end of April.

PRICES

Cobalt prices were $US 11.70 at the start of
1986. Zaire and Zambia had instituted a
producers price of $11.70 in April 1983 and
prices had held close to that level until early
1986.

Zambia was reported to have tried in
early-1986 to gain market share by discount-
ing. Zaire and other producers matched the
discounts and prices fell dramatically. By
September, prices had fallen to about $3.80
per pound.

By late November, Zambia and Zaire
had moved to stabilize the market by
establishing a producer price of $US 7.00
per pound.

USES

One of the major uses for cobalt is in super-
alloys where it improves the strength, wear
and corrosion resistance characteristics of
the alloys at elevated temperatures. The
major use of cobalt-base superalloys is in
turbine blades for aircraft jet engines and
gas turbines for gas pipelines. Cobalt-based
superalloys normally contain 45 per cent or
more cobalt, while nickel and iron based
superalloys contain 8 to 20 per cent cobalt.
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Although the demand for cobalt in the
production of magnets has been declining in
recent years, this is still an important use
for cobalt. Consumption of cobalt in this
sector is almost one half what it was in
1970.

Cobalt-based alloys are used in
applications where difficult cutting is
involved and high abrasion resistance quali-
ties are required. The most important group
of cobalt-base alloys is the stellite group,
containing cobalt, tungsten, chromium and
molybdenum as principal constituents. Hard-
facing or coating of tools with cobalt alloys
provides greater resistance to abrasion,
heat, impact and corrosion.

Cobalt metal powder is used as a binder
in making cemented tungsten carbides for
heavy-duty and high-speed cutting tools.

As a chemical product, cobalt oxide is
an important additive in paint, glass, and
ceramics. Cobalt is also used to promote the
adherence of enamel to steel for applications
such as appliances, and steel to rubber for
the construction of steel-belted tires. A
cobalt-molybdenum-alumina compound is used
as a catalyst in hydrogenation and in petro-
leum desulphurization.

OUTLOOK

Over the long term, cobalt consumption is
expected to increase at an annual rate of
1 to 2 per cent. The price volatility in the
late-1970s and early-1980s, along with some
concern over potential security of supply,
has resulted in considerable substitution
away from cobalt in certain uses and is a
major factor in the forecast of a relatively
modest increase.

Major consuming countries have
expended considerable resources to find sub-
stitutes for cobalt in key applications.
These programs have reduced the amount of
cobalt used or eliminated it completely in
certain applications. As an example, Pratt &
Whitney Group of the United States has
developed a jet engine combustor which
consists of a nickel alloy, to replace a
cobalt alloy. A heat resistant ceramic coat-
ing reportedly makes the nickel alloy at least
as durable as the cobalt one.

Zaire and Zambia are the two largest
producers in the world, accounting for about
two thirds of cobalt capacity. The
strategies which these two producers
pursue, along with other possible events in
these countries, will have a major impact
upon supply and consequently on prices.
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TABLE 1.

CANADA, PRODUCTION TRADE 1984-86 AND CONSUMPTION 1983-85

1984 1985 1986P
(kilograms) $) (kilograms) ($) (kilograms) E))
Productionl (all forms)
Ontario 1 687 632 48,583,550 1 731 269 60,433,575 2 142 675 48,465,165
Manitoba 435 701 12,542,960 335 546 11,526,462 343 820 7,776,865
Total 2 123 333 61,126,510 2 066 815 71,960,037 2 486 495 56,242,030
Exports (Jan.~-Sept.)
Cobalt metal
United States 1 149 521 25,326,000 1 300 047 30,661,397 1 123 144 20,251,015
United Kingdom 179 480 2,549,000 113 000 630,280 104 144 581,687
South Africa - - 431 18,439 - -
Belgium-Luxembourg 136 995 764,000 125 000 697,211 84 000 468,529
Australia 3 929 118,000 6 253 224,043 9 497 340,352
Other countries 17 135 574,000 6 698 572,222 125 825 3,791,345
Total 1 487 060 29,330,000 1 551 429 32,803,592 1 446 610 25,432,938
Cobalt oxides and
hydroxides2
United Kingdom 321 000 5,951,000 267 000 7,436,000 249 000 7,057,000
United States 17 000 72,000 - - - -
Belgium-Luxembourg 36 000 573,000 - - - -
Total 374 000 6,596,000 267 000 7,436,000 249 000 7,057,000
Consum]::‘r.ion3 1983 1984 1985P
Cobalt contained in:
Cobalt metal 82 615 85 736 70 853
Cobalt oxide 10 563 19 923 22 297
Cobalt salts 7 313 7 313 8 017
Total 112 972 112 972 .. 101 167 ..
Sources: Energy, Mines and Resources Canada; Statistics Canada.

1 production (cobalt content) from domestic ores.

P Preliminary; - Nil;

.. Not available.

2 Gross weight.

3 Available data reported by consumers.

¥eqod



TABLE 2. CANADA, COBALT PRODUCTION, TRADE AND CONSUMPTION,
1970, 1975 AND 1980-85

Exports Imports
Cobalt Cobalt oxides Cobalt Cobalt oxides
Productionl metal and hydroxides ores2 and hydroxides3 Consumption4
(tonnes)
1970 2 069 381 837 .. .. 148
1975 1 354 431 561 .. o 123
1980 2 118 325 1 091 2 26 105
1981 2 080 677 601 24 20 101
1982 1 274 585 230 2 30 81
1983 1 410 885 192 45 30 101
1984 2 123 1 487 374 - - 113
1985 2 067 1 551 267 - - 101P

Sources: Energy, Mines and Resources Canada; Statistics Canada.

Production from domestic ores and cobalt content, including cobalt content of Inco Limited
and of Falconbridge Limited shipments to overseas refineries. 2 Cobalt content. 3 Gross
weight. 4 Consumption of cobalt in metal, oxides and salts.

P Preliminary; .. Not available; - Nil.

TABLE 3. WORLD PRODUCTION OF

COBALT

1982 1983 1984pP 1985e
(tonnes)

Zaire 11 302 11 301 17 959 19 955
Zambia 3 251 3 199 4 617 4 617
Canada 1 404 1 158 2 325 3 075
Australia 1 479 1 179 1 088 834
Finland 1 036 1 035 952 952
Cuba 1 497 1 621 1 397 1 424
U.S.S.R. 2 268 2 358 2 630 2 721
Other 2 282 1 437 1 566 2 582
Total 24 518 23 715 32 534 36 161

Source: United States Bureau of Mines.
P Preliminary; ¢ Estimate.
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Columbium (Niobium)

D.G. FONG

Western world production of columbium, at
21 000 t of contained columbium pentoxide
(Cb205) in 1986, declined 2 per cent from
the previous year. Mine production in
Canada reached a record level during 1986.
However, this increase was more than offset
by the lower output in Brazil which accounts
for more than 80 per cent of the world's
supply.

The 1986 world demand, estimated at
17 000 t CbyOs equivalent, fell due to lower
consumption in the United States, Japan and
Europe. Demand in the United States was
reported to have dropped by 15 per cent.
In Japan, the steel industry was seriously
affected by the rising value of the yen. In
Europe, lower orders from the Soviet Union
for pipes affected the overall columbium
consumption level, despite a strong
performance in the special steel sector and
particularly in the stainless steel industry in
West Germany.

The demand for columbium in 1987 is
expected to remain at the current low level.
The rapid growth rate during the last two
decades reached a plateau as conventional
applications for the metal entered a mature
stage and the expectation of high growth in
new applications did not materialize. Also,
the technological advancement in steel
making, a slow down in the automotive
market and a decline in pipeline construction
have had a negative impact on the columbium
market.

CANADIAN DEVELOPMENTS

Columbium is produced in Canada at the
Niobec mine which is located at St-Honoré,
Quebec. Production in 1986 increased by
5 per cent to 3 346 t of contained CbOs5.
Ore reserves at the mine in 1986 were
11 098 639 t at a grade of 0.659 per cent
Cby05, compared with 10 945 281 t and
0.663 per cent respectively in 1985.

Cambior inc., created by the Province
of Quebec as part of the government's
privatization program, acquired in 1986 the
50 per cent interest in the Niobec mine that
was previously owned by Société québécoise

d'exploration miniére (SOQUEM). Teck
Corporation retained its 50 per cent equity
interest in the mining operation.

Niobec became the only major world
supplier of pyrochlore concentrate, following
a decision in 1981 by Brazilian producers to
convert all their output into intermediate
products. Shipments of Canadian pyrochlore
concentrates, containing about 60 per cent
Cby05 are destined primarily for the United
States, western Europe and Japanese
markets.

Highwood Resources Ltd. signed an
agreement in September with Hecla Mining
Company of the United States to jointly
develop the Thor Lake deposit in the
Northwest Territories. Under the agree-
ment, Hecla can earn a 50 per cent interest
in Thor Lake by completing a feasibility and
marketing study, reimbursing $8 million for
the 50 per cent share of exploration expendi-
tures, and bringing the property into
production.

Thor Lake is a multimetal deposit which

contains  beryllium, yttrium, columbium,
tantalum, gallium, zir conium and rare
earths. During the last two years,

Highwood Resources has completed a number
of preproduction developments which
included camp construction, wunderground
developments and pilot plant testing. The
company planned to construct a five-mile
road to provide year-round access to the
property. Due to the priority given to
develop  beryllium, test work on the
concentration of columbium and yttrium is
not yet finalized.

WORLD DEVELOPMENTS

Companhia Brasileira de Metalurgia e
Mineracao S.A. (CBMM) in Brazil, the
world's leading columbium producer, began to
accumulate inventories of ferrocolumbium
because of lower demand. However, the
Araxa mine, located about 400 km north of
Sao Paulo, continued to operate at 65 per
cent capacity throughout 1986. CBMM has
an annual production capacity of 22 000 t of
ferrocolumbium.

D.G. Fong is with the Mineral Policy Sector, Energy,

Mines and Resources Canada.

Telephone (613) 995-9466. 22.1



CBMM is 52.65 per cent owned by
Metropolitana de Comercio e Participacoes and
47 per cent by Molycorp, Inc. of the United
States, and operates entirely under Brazilian
management. Besides producing the stan-
dard grade ferrocolumbium which represents
over 90 per cent of its total output, CBMM
also produces a wide range of high purity
columbium products including high purity
ferrocolumbium, nickel-columbium, columbium
metal, and crystal and optical grade
columbium oxides.

As a dominant producer which supplies
about 70 per cent of the world's need, CBMM
sets its production to meet anticipated
market demand; the other producers
typically operate at capacity. Because of a
small domestic market, nearly all of its
output is destined for export; its principal
export markets include Europe (45 per
cent), the United States (25 per cent),
Japan (12 per cent), Canada (6 per cent)
and the U.S.S.R. (b per cent).

CBMM  received approval from the
Brazilian government for the construction of
a 40 tpy columbium metal plant which is
expected to come on stream in 1989. The
approval of the $US 6.2 million project will
enable the company to buy imported equip-
ment and special furnaces. CBMM currently
produces columbium metal in Sao Paulo under
an agreement with the Ministry of Industry
and Commerce.

Mineracao Catalao de Goias S.A.,
located in southeastern State of Goias, about
300 km south of Brasilia, is controlled by
the Anglo American Corporation of South
Africa Ltd. The mine has an output capac~
ity of 2 800 tpy of ferrocolumbium, which is
the sole product Catalao is marketing.
Area 11 is mined by open-pit at a daily rate
of 1 500 t of ore while Area I is in a stage
of preproduction stripping. Ore reserves in
Area Il are 2 million t grading 1 per cent
Cb30s, whereas Area 1 has confirmed
reserves of 10 million t with an average
grade of 1.2 per cent Cb0s5.

USES

The steel industry is the largest consumer of
columbium, which is used in the form of
ferrocolumbium as an additive agent in high-
strength low-alloy (HSLA) steels, stainless
steels and heat-resisting steels. Although
the quantity of contained columbium may be
as low as 0.02 per cent, the yield strength
and mechanical properties of the resulting
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steel are significantly improved. These
characteristics are particularly important in
applications such as large-diameter pipelines,
automotive components, structural applica-
tions and drilling platforms.

High-purity columbium pentoxide is used
mainly in superalloys for turbine and jet
engines, which have traditionally been the
second largest use after steels. A
columbium addition to the cobalt and nickel
based superalloys improves the high
temperature characteristics of these alloys.
In addition, columbium-based alloys contain-
ing tantalum, tungsten and zirconium are
being used in the aeronautic and nuclear
industries.

In the manufacture of high-alloy and
stainless steels, columbium is used to impart
resistance to corrosion at elevated tempera-
tures, a property of particular importance in
petroleum processing plants, heat exchangers
for severe chemical environments and acid
pressure vessels.

One of the important properties of pure
columbium is its superior conductivity com-
pared with other metals. Super conductivity
is the loss of all resistance to direct
electrical current at temperatures near
absolute zero. This special property has
allowed the construction of powerful
electrical generators, which are much more
efficient than conventional generators with

copper wire windings. Also, because of the
powerful magnetic field created by the
superconductors, columbium is used

extensively in the construction of nuclear
magnetic imaging (NMI). In addition, many
potential applications in electrical devices are
being developed, including new types of
motors, ship engines, electric generators and
switch elements for computers.

Special high-purity columbium pentoxide
is produced for optical applications. Addi-
tions of columbium pentoxide to optical glass
give a high refractive index and thereby
allow production of thin lenses for eye-
glasses. This characteristic, along with
others such as lightweight and durability,
enable such lenses to be competitive with
plastic lenses.

PRICES
Quoted prices for columbium remained

unchanged during the year. Metals Week
showed the Niobec concentrate price at



$US 5.73 per kg of contained CbOs. Prices
quoted by CBMM were $US 12.35 per kg of
contained Cb for standard grade ferro-
columbium, $US 39.02 per kg of contained
Cb for vacuum grade ferrocolumbium,
$US 37.48 per kg for nickel columbium and
$US 65 per kg for columbium metal. Prices
for the high purity oxides were quoted at
$US 14 per kg for the catalytic grade and
$US 45 to $60 per kg for the optical grade.

OUTLOOK

Growth expectations for columbium consump-
tion have dropped from 8 per cent per year
in the last two decades to less than 2 per
cent in the 1980s. This shift was caused
primarily by a lower requirement for
columbium steel in the energy sector and an
improvement in  steelmaking  technology.
Also, despite the strong demand for
columbium in superalloys during the last two
years, the expectations for vigorous growth
in high-purity columbium superconductors
did not materialize and new applications such
as catalysts and new carbides have not yet
advanced beyond the research and develop-
ment stage.

In regards to superconductors,
construction of magnetic resonance imaging
(MRI) has slowed considerably despite its
being a much more powerful tool for medical
diagnosis compared with X-ray machines.
The main reason is largely the high capital
cost of MRI. This situation is not expected
to change significantly before the end of the
decade. Also, the proposed construction of

Columbium (Niobium)

a $6 billion superconducting super collider in
the United States is now considered unlikely,
at least for the near future.

The outlook for the Canadian steel
industry, a major user of columbium, is
constrained by the projected soft demand for
automobiles  throughout 1987. Vehicle
production is forecasted to decline by
7.5 per cent. Furthermore, oil and gas
drilling is expected to continue to decline
further, resulting in a drop in demand for
both large and small pipes. The industry is
forecasting a 10 per cent drop in pipe
demand.

World consumption of columbium is
forecasted to remain at the current low level
in 1987, and to gradually return to the
20 000 t plateau by 1990. World mine
production in 1987 is projected to be
16 900 t CbpOg equivalent, and to remain at
this operating rate until inventories are
reduced to normal requirements, which may
not occur until about 1989. Annual mine
production in Canada is forecasted at
3 000t Cby05 equivalent during these
years.

On the supply side, there will be
excess production capacity well into the next
decade. Brazil, with an abundance of
proven and yet to be developed columbium
reserves, will continue to be the dominant
source for centuries to come while Canada,
with large resources occurring in a number
of undeveloped deposits across the country,
will continue to be a strong alternative
supplier to Brazil.



TARIFFS

Most
British Favoured General
Item No. Preferential Nation General Preferential

(%)
CANADA

32900~1 Columbium and tantalum ores

and concentrates free free free free
35120-1 Columbium (niobium) and

tantalum metal and alloys

in powder, pellets, scrap,

ingots, sheets, plates,

strips, bars, rods, tubing

or wire for use in Canadian

manufactures (expires

June 30, 1987) free free 25 free
37506-1 Ferrocolumbium, ferrotantalum,

ferro-tantalum-columbium free 4.2 5 free
MFN Reductions under GATT 1986 1987
(effective January 1 of year given) (%)
37506-1 4.2 4.0

UNITED STATES

601.21 Columbium ore free
1986 1987
(%)

628.15  Columbium metal, unwrought,

other than alloys; and waste

and scrap 3.9 3.7
628.17 Columbium, unwrought alloys 5.2 4.9
628.20 Columbium metal, wrought 5.9 5.5
Sources: The Customs Tariff, 1986, Revenue Canada, Customs and Excise; Tariff Schedules

of the United States Annotated (1986), USITC Publication 1775; U.S. Federal Register,
Vol. 44, No. 241.
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Columbium (Niobium)

PRICES

Prices as quoted in Metals Week in December 1985 and 1986, U.S. currency.

1985 1986
($)

Columbium ore

Columbite, per kg of pentoxide, cif U.S. poz‘ts1 7.70-11.02 4.41-5.51

Canadian pyrochlore, per kg, f.o.b. mine 5.73 5.73
Ferrocolumbium, per kg Cb, f.o.b. shipping point

Low alloy 12.48 12.48

High purity alloy 39.02 37.48-38.58
Columbium metal, per kg 99.5-99.8%,
fas shipping point

Reactor ingot 72.75-88.18 66.14-72.75

Reactor powder 79.37-105.82 77.16-99.21

1 The range reflects variations in the ratio of columbium pentoxide (Cb205) to tantalum
pentoxide (Ta0s5).
cif - Cost, insurance and freight; f.o.b. - Free on board; fas - Free alongside ship.

TABLE 1. CANADA, COLUMBIUM (NIOBIUM) PRODUCTION, TRADE AND CONSUMPTION,
1970, 1975 AND 1979-86

Consumption
Ferrocolumbium
Imports Exports? and Ferro-
Primary forms and fabricated Columbium tantalum-
Productionl metals Ores and Con- columbium
Cb05 Columbium centrates to (Cb and Ta-Cb
Content Columbium Alloys United States Content)
(kilograms)
1970 2 129 271 .. .. 576 227 132 449
1975 1 661 567 e .. 9 682 215 910
1979 2 512 667 855 w 509 953 360 152
1980 2 462 798 877 156 655 721 486 251
1981 2 740 736 913 303 419 865 455 500
1982 3 086 000 805 59 291 193 356 000
1983 1 744 722 967 396 543 599 359 000
1984 2 766 805 1 045 236 1 132 892 482 000
1985 2 928 700 821 499 1 279 764 447 000
1986P 2 950 000 6733 9633 1 240 4153
Sources: Energy, Mines and Resources Canada; Statistics Canada; U.S. Department of
Commerce.

Producers' shipments of columbium ores and concentrates and primary products, Cb0j5
content. 2 From U.S. Department of Commerce, Imports of Merchandise for Consumption,
Report FT 135. Quantities in gross weight of material. 3 January to November 1986.

P Preliminary; .. Not available; W Withheld to avoid disclosing confidential company data.
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Copper

W.J. MCCUTCHEON

Canadian copper producers continued to
experience financial difficulty in 1986 due to
low metal prices. Some restructuring of the
Canadian copper business occurred through
ownership changes and joint ventures.

Canadian copper production and
shipments increased in 1986 compared to
1985. Production of recoverable copper in
concentrates is estimated at 747 000 tonnes
(t) in 1986 and could reach 778 000 t in
1987 unless continuing low prices result in
further mine closures. Refined production is
estimated at 487 000 t in 1986 and is pro-
jected to rise to 553 000 t in 1987 providing
normal operations resume at Noranda Inc.'s
Horne smelter in early-1987.

In 1986, Noranda's CCR refinery was
closed, June 4-25, by a strike. At its
Horne smelter, workers went on strike on
November 5. Consequently, Noranda Inc.
declared force majeure on concentrate ship-
ments to the Horne smelter, and on refined
shipments in 1987.

CANADIAN DEVELOPMENTS

There were a number of important changes
in the structure of the Canadian copper
industry in 1986. In July, Lornex Mining
Corporation Ltd. and Cominco Ltd. formed
Highland Valley Copper, a partnership
combining the newer Lornex concentrator and
Cominco's Bethlehem concentrator and the
Valley orebody. Output at the property is
expected to be about 180 000 tpy of copper
in  concentrates, once modifications are
completed in late-1987.

The sale of the Kidd Creek operations
in Timmins to Falconbridge Limited was
completed in early-1986. Subsequently,
Falconbridge Limited sold its interest in
Corporation Falconbridge Copper (CFC) to
Kerr Addison Mines Limited for $120 million
to reduce corporate debt (which in part
resulted from the purchase of the Kidd
Creek operations). As Kerr Addison is
owned 51 per cent by Noranda Inc., Noranda

has an interest in copper production from

CFC's Opemiska Division and future
production from CFC's Ansil project.
In September, Canadian Pacific

Enterprises Limited (CPE) announced that it
would sell its 52 per cent interest in Cominco
Ltd. for $472 million. A holding company
comprising 50 per cent Teck Corporation,
25 per cent M.I.M. (Canada) 1Inc. and
25 per cent Metallgesellschaft Canada Limited
purchased 20 million of CPE's 34 million
common shares for $205 million in cash and
$75 million payable in four vyears. M.I.M.
(Canada) Inc. owns 3.4 per cent of Teck
Corporation while a combination of
Metallgesellschaft Canada Limited and
Metallgesellschaft Canada Investments Limited
owns 12 per cent of Teck. Teck Corporation
also owns 22 per cent of Lornex Mining
Corporation Ltd. which in turn has a 45 per
cent interest in Highland Valley Copper.

In Quebec, Noranda's Division Mines
Gaspé began limited production of develop-
ment ore from the E~32 orebody. While the
underground Needle Mountain mine operated
through 1986, the pit has been closed since
1982. Production in 1987 is expected to be
3 000 tpd from the E-32 orebody and
1 500 tpd from the Needle Mountain mine.
The smelter operated throughout the year
(except for a maintenance shut down},
processing concentrates from the mine and
foreign sources, principally Chile.

Les Mines Selbaie began initial operations
of its A-1 zone open pit zinc-copper mine in
October, while continuing operation of the
1 650 tpd underground mine in the B zone
copper orebody. The pit should reach rated
capacity of 5 000 tpd in early-1987. A
feasibility study of the A-2 zone is sched-
uled to be completed in July 1987. The A-2
orebody could be a replacement for the
B zone ore that is likely to be exhausted in
mid-1989. At the nearby Matagami Division
mine of Noranda Inc., the Isle Dieu zinc
orebody was delineated. Close to the

W.J. MCCutcheon is with the Mineral Policy Sector, Energy,
Mines and Resources Canada. Telephone (613) 995-9466.
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Mattagami Lake mill, the orebody has a minor
amount of copper (1.24 per cent, compared
to 18 per cent zinc). A $35 million develop—
ment progam is under way and sinking of
the 670 m shaft should begin in January
1987, The new 2 million t orebody is
scheduled to be brought into production in
July 1988 with a capacity of 770 tpd, follow-
ing the likely exhaustion of the Matagami
mine in June 1988.

Northgate Exploration Limited continued
to reduce its reliance on copper, with only
30 per cent of its revenues derived from
copper production in the first half of 1986,
compared to 37 per cent in first half of
1985. Campbell Resources Inc. will bring its
5-3 mine into production in January 1987.
As well, the gold-copper Joe Mann deposit,
owned 54 per cent by Campbell Resources,
will start production in the second quarter
of 1987.

The Corbet mine of the Lac Dufault
Division of Corporation Falconbridge Copper
was mined out in September. Shaft-sinking
at the Ansil deposit continued, reaching a
depth of 1 291 m by September 30. Sinking
of the wventilation shaft began in October.
Development and underground exploration
drilling are scheduled to commence in early-
1987, with production possible in 1989.

Work at the Mobrun deposit near the
former Norbec concentrator, which processed
Lac Dufault ore, continued with Audrey
Resources Inc. working to earn a half
interest in the property. Mining of open pit
gold-zinc-copper reserves began in October
at a rate of about 25 000 t/month. A 250 m
shaft was sunk to facilitate wunderground
exploration to better define the orebody. A
final decision on the economics of under-
ground production is expected in June 1987,
after milling tests of bulk samples. Esti-
mated cost of the work is $13 to $14 million.

Labour relations difficulties affected
operations at Noranda's Horne smelter and
CCR refinery. The refinery was closed

June 4 to 25 by a strike. The settlement
included a signing bonus of $500 and salary
increases totalling 75 cents per hour over
three years. The average wage prior to the
strike was about $13.50 per hour. At the
Horne smelter, workers went on strike
November 5. The facilities were restarted in
the third week of November at a reduced
rate using management personnel. Force
majeure was declared November 5 on receipts
of contracted concentrates from shippers,
and in late-November on shipments of refined
metal for early-1987.
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Noranda's CCR refinery began work on
a $19 million slimes treatment plant to be
completed in mid-1988. The new plant will
have an operating capacity 50 per cent high-
er than the existing doré furnace.

The Ontario mining operations of Inco
Limited and Falconbridge Limited in the
Sudbury area are reviewed in the nickel
chapter of the Yearbook. Inco Limited
announced that $15 million would be spent by
1988 on a modernization program at its
copper refinery. Areas to be addressed
include anode preparation, starter sheet
production, the washing and handling of
cathodes, and upgrading of slimes handling
and electrolyte circulation. This follows a
$2 million expenditure for an automated
scrap washing and piling system. At
Falconbridge's copper refinery in Timmins,
the conversion to stainless steel cathode
starter blanks was almost completed by vyear
end. Changes in the refinery have resulted
in a substantial improvement in the quality
of the cathodes. The cathodes are expected
to be registered with the London Metals
Exchange in 1987 as Grade A quality. The

program to expand the smelter to
90 000 tpy, including wuse of additional
oxygen, was completed in 1986. Work is

continuing to increase the on-line time which
could effectively increase smelting capacity.

In Manitoba, the deepening project was
completed at the Ruttan mine of Sherritt
Gordon Mines Limited. Operating costs were
reduced from 86 cents/lb (U.S.) of copper
in the third quarter of 1985 to 54 cents in
the third quarter of 1986. However, at the
end of the year, Sherritt Gordon wrote off
the remaining value of the Ruttan mine.
The $24.6 million write~down included
provision for shutdown costs. The prospect
of continuing low copper prices, increasing
treatment and refining charges and increas-—
ing costs of supplies, services and equip-
ment was noted by the company.

At the Trout Lake mine, owned by
Hudson Bay Mining and Smelting Co.,
Limited (HBM&S), Granges Exploration Ltd.,
Outokumpu Oy and Manitoba Mineral
Resources Ltd., output is scheduled to
increase from 0.54 million tpy of ore in 1986
to 0.68 million tpy in 1987. The cut-and-fill
mine, with a total staff of 87, is scheduled
to produce at 2 720 tpd commencing January
1987.

HBM&S, consulting firms and CANMET
(the Canada Centre for Mineral and Energy
Technology, Department of Energy, Mines
and Resources Canada) continued their joint



effort to evaluate a hydrometallurgical
process to treat copper «concentrates and
accurately determine capital and operating
costs. The final report, expected in early-
1987, will include a financial assessment on
implementation of the process at the HBM&S
Flin Flon plant.

In British Columbia, Noranda decided to
continue mining at its Bell mine until the end
of 1989, due to better than forecast opera-
tional efficiency. A feasibility study on
mining the Granisle mine (idle since 1982)
and transporting the ore to the Bell mill will
be started in 1987.

A mill expansion at Equity Silver Mines
Limited was completed in June; the milling
rate in the third quarter averaged 9 890 tpd
compared with the pre-expansion rate of
5 715 tpd. This allowed a reduction in the
mine's cut off grade. Due to the increased
milling rate, the life of the reserves has
been shortened to about 5 years, approxi-
mately to mid-1991. To find additional
reserves, an exploration program worth $0.9
million was completed in 1986. Further
exploration work is planned for 1987.

Copper cathode production began on
October 7 at Gibraltar Mines Limited's new
4 535 tpy solvent extraction and electro-
winning (SXEW) plant. The $14 million plant
($3 million less than originally estimated) will
treat leach solution from low-grade ore and
waste dumps. Operations are scheduled to
continue throughout the winter, despite
temperatures as low as minus 35°C. Mine
production was lower in 1986 than in 1985
due to lower grade, harder ore. The work
force was reduced by 55 to 305 at year
end. As the operation has lost money since
1981, the company indicated that further
changes to the mining plan may be necessary
if copper prices fail to improve.

Newmont Mines Limited reached
agreement with its union and the provincial
government to keep its Similkameen mine in
operation, despite financial problems due to
low copper price3 and lower grade ore. The
agreement included a 5 per cent wage reduc-
tion and lower hydro-electric rates. The
mine is expected to remain in operation until
mid-1990.

At the Island Copper mine of Utah
International Inc., the mill rate was
increased by 3 000 tpd. The expansion
decision followed a rate reduction on the
extra electrical power required to handle the
increased tonnage.

Copper

The new mill at Westmin Resources
Limited exceeded its 2 720 tpd design capa-
city, averaging 2 995 tpd in the third
quarter. Costs for the first half of 1986
were down 45 per cent from the same period
of 1985.

The Highland Valley Copper partnership
was officially formed on July 1 by Lornex
Mining Corporation Ltd. and Cominco Ltd.
Cash requirements and cash generated will
be shared 45 per cent by Lornex and 55 per
cent by Cominco. A $75 million program, to
be completed in late~1987, includes two in-pit
crushers worth $17 million, and conveyors to
move ore to the Lornex mill. Truck haulage
to the Bethlehem mill will continue. The
purchase of Cominco stock by the holding
company led by Teck Corporation may result
in some modifications to the previously
announced plan, as Teck may wish to utilize
its nearby Highmont mill (which has been
closed since October 1984). The Highland
Valley Copper operation will produce about
181 000 tpy of copper in concentrates, an
increase of 39 000 tpy over the combined
output of the two operations in 1985. Truck
haulage of ore from the Valley pit to one
circuit of the Lornex mill began during the
fourth quarter.

Due to potential pit wall instability,
mining was accelerated at Afton Mines
Ltd. The pit is scheduled to be mined out
in early-1987. As the concentrator did not
increase production, the extra ore is being
stockpiled. In mid-1987, operations are
scheduled to commence in the smaller, lower
grade Pothook pit on the Afton property.

Plans were announced for further
exploration of the gold zone of the Windy
Craggy deposit in the northeast corner of
British Columbia. Over 1 600 m of drifting
and about 3 000 m of diamond drilling are
planned for 1987 at an estimated cost of
$6 million. In 1983, the deposit was esti-
mated to contain 1 billion t of drill indicated
and inferred mineralization grading 1.5 per
cent copper and approximately 0.1 per cent
cobalt. Some zoning is noted in the deposit,
with a gold zone estimated at 2 to 7 million t
grading about 9 g/t of gold and 1.2 per
cent copper in the centre of the massive
sulfides.

Competitiveness
Although Canadian copper producers benefit

compared to their U.S. competitors from the
from the lower value of the Canadian dollar,



U.S. producers secured wage reductions in
1986 in the order of 20 per cent that were
not matched in Canada. Nor have Canadian
producers benefitted as much from currency
devaluations as their competitors in
Australia, Chile, Zambia or Zaire.

A substantial proportion of Canadian
copper output is produced as a by-product
or co-product of other metals such as nickel,
gold and zinc. Consequently, the economics
of this copper production are greatly
influenced by the prices of by-products and
co-products as well as by the price of
copper.

Continuing low copper prices resulted
in relatively few copper mine closures in
Canada and in the world in 1985 and 1986,
although a number of operations have been
unable to cover all costs. Consequently,
some have re-designed pits to reduce
waste-to-ore ratios which results in reduced
ultimate pit sizes and ore reserves.

As development of replacement capacity
has not been keeping pace with the mining
of reserves, copper production in Canada
will eventually fall at currently forecasted
prices. However, events such as the re-
organization of operations in the Highland
Valley could help to offset this decline.

WORLD DEVELOPMENTS

Copper producers in the western world con-
tinued to reduce operating costs by oper-
ating at higher rates, by rationalizing
operations and by reducing wage rates in
some cases. Consumers appear to be
comfortable with lower stock levels, believing
that supply interruptions would likely be
short-lived. Consumption in 1987 is forecast
to be about 7.4 million t, or slightly higher
than the 1985 and 1986 levels of 7.3
million t.

Western world mine production of
copper is estimated at 6.6 million t in 1986,
up slightly from 6.5 million t in 1985 and is
projected to rise to 6.8 million t in 1987.
Refined production in 1986 is estimated at
7.3 million t, with an increase to 7.4
million t forecast for 1987. Chile was once
again the largest producer of copper at the
mine stage. The United States was the
largest producer of refined copper.

In the United States, mine production of
recoverable copper is estimated at
1.17 million t for 1986 and is projected to
rise to 1.2 million t in 1987. Refined

production is estimated at 1.51 millien t in
1986, of which about two-thirds is primary
material. Apparent consumption is estimated
at 2.17 million t for 1986 and is projected to
be 2.2 million t in 1987. United States
copper producers negotiated wage and bene-
fits reductions with unions averaging about
20 per <cent, without strikes or lockouts.
This reduced operating costs by an estimated
4 to 8 cents/lb (U.S.) at the unionized
operations.

Four major corporate changes took place

in the United States in 1986. ASARCO
Incorporated purchased the Ray Unit of
Kennecott Corporation, Phelps Dodge

Corporation purchased Kennecott's two-thirds
interest in Chino Mines Company, Phelps
Dodge completed the sale of 15 per cent of
the Morenci operations to Sumitono Metal
Mining Arizona Ltd., and Cyprus winerals
Company purchased the Sierrita operation of
Duval Corporation.

Phelps Dodge is now the largest U.S.
producer, with an effective capacity of about
450 000 tpy of copper. The Chino purchase,
involving mining and smelting operations,
will offset the closure of its Douglas smelting
operation in January 1987 and the depletion
of its Tyrone orebody in the early-1990s.

ASARCO's purchase of the Ray opera-
tion reduces its dependence on outside con-
centrates. Ray concentrates have been
treated at ASARCO's Hayden smelter since
1983. ASARCO bought Ray for $US 72
million in cash, plus 25 per cent of copper
revenues when the Comex spot price is
above 68 cents/lb (U.S.) for 10 years to a
maximum of $US 65 million.

By selling the Ray and Chino facilities,
Kennecott will raise about half of the
$US 400 million required for its Bingham

modernization project. After wage
concessions from its unions, Kennecott
announced that limited operations would

begin at Bingham prior to the completion of
the modernization project scheduled for late-
1988. The concentrator is scheduled to start
up in early-January 1987. Production for
the vyear is scheduled at 120 000 t of
copper. Kennecott's sole production unit is
now the Bingham mine.

At the Sierrita mine, Cyprus Minerals
Company established a production target of
60 000 t of copper in 1986. A study of a
5 000 tpy SXEW facility was under way.
Cyprus signed a ten-year smelting contract
with Magma Copper Company to smelt and



refine a minimum of 270 000 typ of concen-
trating by Magma, starting in 1987.

Following the wage and benefits
reduction at Magma Copper Company and the
Pinto Valley Copper Corporation, Newmont
Mining Corporation announced that it
intended to spin off Magma. The Pinto
Valley operations, which produced 72 000 t
of copper in concentrates and 11 000 t of
electrowon cathode in 1985, were merged into
Magma. Additionally, Newmont would forgive
$US 150 million out of a total of $US 350
million of Magma debts. The debt foregive-
ness is contingent upon Magma securing
financing for working capital for a new
2 722 tpd OQOutokumpu flash smelter and for
expansion of the refinery. The new plan for
Magma anticipates a reduction in operating
costs from 82 cents/lb (U.S.) in 1986 to
about 54 cents/lb in 1989, before interest
charges. The cost reductions will be the
result of labour concessions, a new under-
ground mining plan and reduced smelter
costs at the new smelter. Approval was
given for an increase of 50 000 tpy of SXEW
production from leaching of the «caved
portion of the underground orebody. This
will be in addition to the 25 000 tpy SXEW
facilities that started in May 1986. Newmont
would hold 15 per cent of Magma's stock,
80 per cent would be distributed to Newmont
shareholders and 5 per «cent would be
distributed Magma management.

In Chile, copper production in 1986 was
reported at 0.914 million t in the first eight
months of 1986 and is estimated at
1.38 million t for 1986, up about 30 000 t
from 1985. Production is forecast at
1.45 million t for 1987. The largest portion
of this was accounted for by the world's
largest producer, Corporacion Nacional del
Cobre de Chile (Codelco-Chile), with esti-
mated production of about 1.1 million t in
1986, up slightly from the 1985 total. At
the end of 1986, there was a report that
certain previously approved expansion plans
of Codelco would be deferred. The expan-—
sion of the Chuquicamata Mining Division
concentrator from 102 000 tpd to 150 000 tpd
by 1988 was to be delayed until 1989. A
$US 200 million contract was let for the
purchase and installation, by the end of
1989, of two in-pit crushers and conveyors
at Chuquicamata to move waste from the
pit. A smelter expansion and acid plant are
under construction at Chuquicamata; the acid
will permit increased leaching of oxide
material for additional copper recovery. In
the Salvador Mining Division the capacity of
the Potrerillos smelter will be increased from
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300 000 tpy to 400 000 tpy of concentrates
by installing a 200 tpd oxygen plant. This
will permit treatment of additional material
from Chuquicamata.

Empresa Nacional de Mineria's Las
Ventanas refinery reached an estimated capa-
city of 205 000 tpy in 1986. Production
from the refinery was 171 550 t of cathode
in 1985. Plans are under review to increase
capacity by an additional 100 000 tpy in one
or two stages. Acid plants will be built at
the Hernan Videla Lira smelter by 1989 and
at the Ventanas smelter by 1990.

The Broken Hill Proprietary Company
Limited subsidiary, Utah International Inc.,
reportedly planned to complete necessary
financing arrangements by early-1987 to
proceed with development of the Escondida
property in Chile. Utah International Inc.
holds 60 per cent of the property, with 30
per cent held by Rio Tinto-Zinc Corporation
Limited and 10 per cent by Mitsubishi
Corporation. Outsiders have estimated the
operating cost of the $US 1.1 billion project
at about 40 cents/lb (U.S.) before financing
charges. Estimated production would be
about 300 000 tpy of copper in concentrates
from the 547 million t orebody grading 2.16
per cent copper.

An agreement Dbetween Rio Algom
Limited and Outokumpu Oy was announced in
early-1986 to develop the Cerro Colorado
deposit in Chile as a joint venture. How-
ever, disagreement in Finland concerning
investments in Chile reportedly caused
Outokumpu Oy to withdraw from the proposal
joint venture.

In Zaire, financial assistance to copper
operations is to be provided by the European
Investment Bank, which will lend $US 50
million of the $US 790 million required for
the rehabilitation plan. The World Bank
approved a $US 100 million loan to assist
with the modernization of Les Générale des
Carridres et des Mines du Zaire (Gécamines)
facilities. Part of the 1986-90 modernization
program includes increasing smelting and
refining capacity by 100 000 tpy. In
November it was reported that Gécamines
would receive 41 million European Currency
Units to purchase equipment and make
transportation improvements.

In Zambia, operations of Zambia
Consolidated Copper Mines Limited were
hindered in 1986 (as in 1985) by the
shortage of spares and supplies caused by
foreign exchange shortages. Plans were



announced to reduce the work force by
20,000 persons (or by one-third) over the
next 5 vyears, as part of a rehabilitation
plan. The World Bank will partially fund
the rehabilitation plan which also involved
closure of some facilities in 1986. The TL 3
SXEW facility was inaugurated in September
to recover acid-soluble copper from old
tailings. The $US 250 million facility is
scheduled to recover  an average of
39 300 tpy of copper for the next 15 years.

Zambia examined potential transportation
difficulties which could arise from possible
sanctions against the Republic of South
Africa. The transport of copper from
Zambia across RSA and the supply of spare
parts to Zambian mining operations could be
affected by sanctions. The International
Monetary Fund announced in early-1986 that
$US 43 million would be loaned to Zambia
due to declining export prices. Copper is
Zambia's main export. In 1985, copper
exports amounted to 79 per cent of total
Zambian exports. The loan was linked to
currency devaluations, vremoval of price
supports and interest rate controls, and
more liberal trade policies.

In Portugal, work continued on the
Neves-Corvo project, owned 49 per cent by
Rio Tinto-Zinc Corporation Limited and
51 per cent by the Portugese pgovernment.
The $US 200 million project is scheduled to
start operations in late-1988. The Corvo
and Graca orebodies will be mined at the
rate of 1 million tpy to produce about
100 000 tpy of copper in concentrates. Mine
planning is based upon a 5 per cent copper
cut-off grade. Present reserves total about
27 million t grading 8.5 per cent copper and
40 g/t gold. Additional  copper-zinc
orebodies are known but are yet to be fully
delineated . Subsequent expansion to a
mining rate of 3 million tpy has also been
studied.

In the People's Republic of China,
Noranda Inc. and the Tianjin Non-ferrous
Metals Industrial Company of China began a
joint feasibility study of a 100 000 tpy
copper smelter-refinery complex at Tianjin.
The study of the $US 200 million project is
to be completed in early-1987. A facility at
this location would be well situated to
process imported concentrates. Chinese
imports of copper and copper alloys in the
first nine months of 1986 were reported at
103 521 t, sharply lower than the 290 947 t
in the same period of 1985.
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In Peru, the Tintaya mine overcame
production difficulties and was operating
above rated capacity by year end. Peruvian
copper production for 1990 was forecast by
the Peru Mining Society as 430 000 t.

In Mexico, the 200 000 tpy Outokumpu
flash smelter at the La Caridad operations of
Mexicana de Cobre S.A. was inaugurated in
June. An expansion of the mine and mill is
also under way, with about 300 000 t of
concentrates grading 32 per cent copper
scheduled to be produced in 1986. At the
Cananea mine, the concentrator is being
expanded in steps, with capacity of the mine
and mill scheduled to increase by
100 000 tpy of copper in concentrates to
150 000 tpy. Mexican copper production was
forecasted as 320 000 tpy by the end of the
decade, compared with 179 000 t in 1985.

In Brazil, development of the Salobo
copper-gold deposit owned by Cia Vale do
Rio Doce was planned. A $US 600 million
complex is envisaged which would produce
120 000 tpy of copper in concentrates. An
important consideration in the development of
the deposit is the gold content of the ore,
averaging 10 to 15 g/t. Cia Paraibuna de
Metais SA announced plans to construct a
$US 250 million smelter and refinery that
would produce 100 000 tpy of refined copper
from the Salobo deposit. This would provide
competition for the Caraiba Metais S.A. -
Industria e Comércio smelter/refinery com-
plex. Caraiba Metais planned production of
120 000 t of refined metal in 1986, part of
which came from the new underground mine
at Jaguarari.

In Australia, a contract was awarded
for phase I of the Olympic Dam uranium-
copper-gold project. The total cost is esti-
mated at $A 750 million, including $A 40
million for a copper refinery. Copper
production is scheduled to commence in
mid-1988 at 30 000 tpy of refined metal.
Once a second shaft is developed and a
second 1.5 million tpy concentrator module is
started up, refined copper production will
increase to 55 000 tpy. The timing of this
expansion will be determined by future
uranium and copper prices, but is expected
to take place in the early-1990s. Construc-
tion of a $A 6 million Isasmelt demonstration
plant for copper started at the Mount Isa
operations of M.I.M. Holdings Limited. This
will increase smelting capacity. The mine
had been producing about 80 000 tpy more
copper concentrates than the existing smelter



could handle, and the excess production was
exported. The Isasmelt process is a sub-
merged lance combustion technology that was
developed by the Commonwealth Scientific
and Industrial Research Organization in
Australia.

In Papua New Guinea, the Ok Tedi mine
will begin shipments of copper concentrates
in 1987. Ore grades from the copper zone
are expected to average between 1.5 and
2 per cent copper in the initial phases.
Production of 200 000 t of copper concen-
trates grading 30 to 35 per cent copper in
1987 and 600 000 t in 1988 or 1989 s
expected. A prefeasibility study for a
copper smelter was begun for Ok Tedi
material and potentially some custom concen—

trates. The study is evidently a response
to higher charges proposed by existing
sinelters.

In Japan, the large appreciation of the
yen exacerbated existing problems for the
country's smelting and refining industry.
As smelting and refining charges are in U.S.
dollars and local costs are in yen, the
financial performance of Japanese smelters
seriously deteriorated in 1986. Some new
contracts provide for increased treatment
and refining charges (TC/RCs) as the value
of the yen Iincreases. Other mines were
approached by Japanese smelting and refin~
ing companies for increases in TC/RCs. The
ability of the Japanese sinelting and refining
industry to increase these charges s
restricted by the continuing financial
difficulties of concentrate exporters caused
by low copper prices. Nevertheless, TC/RCs
in U.S. currency have risen compared to
1985, and rates would likely increase further
should the Escondida project in Chile
proceed.

Japanese production and consumption of
copper in calendar 1986 are estimated at
0.935 million t and 1.225 million t,
respectively. The forecasts for production
and consumption in calendar 1987 are
0.935 million t and 1.34 million t. Domestic
sinelting and refining capacity 1is about
1.24 million tpy.

Elsewhere, events in the copper industry
included: approval of the takeover of the
Viscara mine in Sweden by Outokumpu Oy;
the possible reactivation of Kennecott
Corporation's idled refinery and rod mill in
Baltimore to process blister copper from
Corporacion Nacional del Cobre de Chile; the
prolongation of operations at Prieska mine in
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South Africa to the end of 1987 due in part
to the devaluation of the rand; Phelps
Dodge Corporation's sale of half of its 49 per
cent interest in the Cayeli copper deposit in
Turkey to Metallgesellschaft AG; cost cutting
at Boliden AB's operations involving the
layoff of 1,500 of 8,000 persons to reduce
losses (estimated costs at the Atik copper
mine will be reduced to 54 from 55 cents/lb
(U.S.) by February 1987); the possibility
that the Ronnskar copper smelter in Sweden,
which produced over 90 000 t of copper in
1985, might be closed if forced to inake major
anti-pollution investments.

PROPOSED INTERNATIONAL COPPER
ORGANIZATION

In December, a meeting was held in Geneva
to discuss a uU.s. proposal for a
producer-consumer forum on copper, akin to
the International Lead and Zinc Study
Group. PFurther discussions will be held in
1987 to explore the feasibility of establishing
such a group for copper.

PRICE AND EXCHANGES

The London Metal Exchange (LME) settlement
price for the highest ygrade of copper
averaged 62.3 cents/lb (U.S.) in 1986.
This compares with an average of 64.9 cents
in 1935. The Commodity Exchange, Inc.
(Comex) price for copper averaged 61.65
cents/lb (U.S.) in 1986, compared with
61.0 cents in 1985. The average monthly
LME and Comex prices for 1985 and 1986 are
shown in Table 7.

The LME changed the highest grade
copper contract, effective the end of June.
The majority of wirebar brands were
eliminated from the new grade A contract.
The eliminated wirebar brands and the lower
grade cathodes are deliverable against a
standard contract.

The Japanese Electric Wire & Cable
Makers Association has asked the governinent
to investigate the possibility of setting up a
terminal market for copper in Japan. The
proposal was being studied by the end of
the year.

STOCKS

Combined UME plus Comex stocks declined
during 1986 from 297 000 t to 256 700 t.
Commodities Research Unit Ltd. (CRU)
estimated in December that exchange and



industry stocks were ©below the former
trigger point of 9 weeks of production that
previously would have led to significant
price rises. As no such price rise
occurred, CRU concluded that the trigger
level has changed, likely due to consumers'
belief that copper shortages are unlikely.

USES

Copper is the preferred material when
superior electrical or thermal conductivity
and corrosion resistance is desired.
Copper's electrical conductivity is over
60 per cent greater than that of aluminum
and its thermal conductivity is over 75 per
cent higher. Hence copper's main uses are
in the transmission of electrical energy and
electrical signals, water transmission and for
heat transfer.

Copper is therefore one of the basic
necessities for the development and mainte-
nance of the infrastructure of both
developing and developed countries.

OUTLOOK

Consumption of refined copper is expected to
increase slightly to 7.4 million t in 1987
compared to an estimated 7.3 million t in
1986. Forecasts generally call for average
growth rates of 1 to 1.5 per cent per year.
Thus, consumption is expected to be in the
range of 7.7 to 8.0 million t in 1990 and
about 9.4 million t by the end of the
century.

Higher growth rates in the 1990s are
based on the assumption that debt of certain
developing countries will be more manageable
than in the 1980s. This will permit these
countries to increase investment in copper-
intensive infrastructure and capital goods.
The chairman of CRA Limited noted that
world infrastructure has been allowed to run
down in the last 25 years due to insufficient
investments for maintenance. Increased
infrastructure investments will increase
copper demand.

Relatively few new wuses are being
developed for copper. The decision by
Corporacion Nacional del Cobre de Chile to
join  the International Copper Research
Association should give an impetus to
research and development and product promo-
tion. Shortly after assuming office the new
president of Corporacion Nacional del Cobre
de Chile spoke of the need to increase the
consumption of copper.
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Copper prices have been essentially
independent of the rate of inflation since
1965. This is seen from an examination of
copper prices denominated in Special Drawing
Rights (SDRs) of the International Monetary
Fund. Copper prices usually varied within
the range of 0.5 to 0.7 SDR/lb between 1965
and 1986. At the December 1 value of the
U.S. dollar, this range translated into a
range of 60 to 85 cents/lb (U.S.). It
should be noted that these prices are in the
dollars of the day, not in constant dollars.

Copper is now  being used more
effectively than in the past. Fewer kilo-
grams of copper are now required to perform
the same function due to such technological
advances as multiplexing of communications
signals, capillary joints for tubing and the
use of high strength, thin wall tubing.
While such advances reduce copper usage in
individual installations, the cost savings (by
using the copper more effectively) mean that
copper remains the economical choice, and so
copper is less prone to substitution.

The average price of Grade A copper on
the LME is forecast to be 62 cents/lb (U.S.)
in 1987. Supply interruptions or changes in
output could result in temporarily higher
prices, depending upon their perceived
seriousness and duration. Potential examples
of supply interruptions or changes include
sanctions against South Africa which would
reduce copper shipments from Zambia and
Zaire or their imports of machinery and
supplies, and further delays in the
expansion program of Corporacion Nacional
del Cobre de Chile.

Despite production cost cutting world-
wide, some increase in copper prices s
needed to justify the future investments in
copper necessary to meet the forecast
demand in the 1990s. Many mines have
reduced recoverable ore reserves by cutting
waste-to-ore ratios to reduce operating
costs. The necessary investment to replace
depleting production capacity can rarely be
justified at present copper prices. Demands
by Japanese and other smelters for higher
treatment and refining charges likely will
reduce the incentive for new investment
unless the price of copper increases.

Accordingly, copper prices are expected
to rise modestly over the next few years,
with the annual average LME price reaching
72 cents/lb (U.S.) by the early-1990s (in
current dollars) as present orebodies are
mined out. Thereafter, assuming no serious
acceleration in inflation rates, current dollar



prices are expected to fluctuate around the
72 cent level and tend to remain at that level
for the rest of the decade. New techno-
logical methods are expected to continue to
reduce the operating and capital costs of
producing copper, counteracting the inflation
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of input costs. Such cost reductions are a
necessary response to competitive pressures
in the market, where substitute materials are
readily available if copper prices rise too
high.
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TARIFFS

Most
British Favoured General
Item No. Preferential Nation General Preferential
(%)
CANADA
32900-1 Copper in ores and conc. free free free free
33503-1 Copper oxides free 12.8 25.0 free

34800-1 Copper scrap, matte and

blister and copper in pigs,

blocks or ingots; cathode

plates of electrolytic

copper for melting, per lb free free 1.5¢ free
34820-1 Copper in bars or rods, when

imported by manufacturers of

trolley, telegraph and telephone

wires, and electric wires and

electric cables, for use only

in the manufacture of such

articles in their own factories free 4.3 10.0 free
34835-1 Electrolytic copper powder

electrolytic iron powder, for

use in Canadian manufactures

(expires June 30, 1986) free free 10-0 free
34845-1 Electrolytic copper wire bars,

for use in Canadian manufactures

per 1b (expires June 30, 1986) free free 1.5¢ free
35800-1 Anodes of copper free free 10.0 free
MFN Reductions under GATT 1986 1987
(effective January 1 year given) (%)
33503-1 12.8 12.5
34820-1 4.1 4.0

UNITED STATES (MFN)

602.30 Copper, ores elc. Remains iree
612.02 Unwrought copper, etc. 1.7 1.7
612.08 Copper waste and scrap 2.9 2.4
EUROPEAN ECONOMIC COMMUNITY (MFN) 1986 Base Rate Concession Rate
26.01 Copper, ores and conc. free free free
74.01 Copper in matte, unwrought

copper, waste and scrap free free free

JAPAN (MFN)

26.01 Copper, ores and conc. free free free
74.01 {1) Copper in matte etc. free free free
(2) Copper, unwrought
(a) containing not more
than 99.8% by weight
of copper etc. 7.5 8.5 7.3
(b) Other
(i) Containing by weight, not
less than 25% of zinc and
not less than 1% of lead 16.13 yen/kg 24 yen/kg 15 yen/kg
(ii) Containing more than 95%
by weight of copper

- blister copper in bar 7.5 8.5 7.3
- other 21.38 yen/kg 24 yen/kg 21 yen/kg
(iii) Containing not more than
95% by weight of copper 21.38 yenlkg 24 yen/kg 21 yen/kg
(3) Waste and scrap
(a) Unalloyed 0.3 2.5 free

{b) Other: containing more

than 10% by weight of nickel 2.8 22.5 free
(c) Other 0.3 2.5 free
Sources: The Customs Tariff, 1986, Revenue Canada, Customs and Excise; Tariff Schedules

of the United States Annotated (1986), USITC Publication 1775; U.S. Federal Register Vol. 44,
No. 241; Official Journal of the European Communities, Vol. 28, No. L331, 1986; Customs
Tariff Schedules of Japan, 1986; GATT Documents, 1979.
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TABLE 1. CANADA, COPPER PRODUCTION, TRADE AND CONSUMPTION, 1984-86
19847 1985P 1986
(tonnes) (3000) {tonnes) ($000) (tonnes) (s000)
Shipmen'.:;l
British Columbia 280 638 530,968 299 560 594,926 332 084 677,783
Ontario 292 220 552,879 284 692 565,398 289 297 590,456
Quebec 67 537 127,781 69 071 137,175 69 274 141, 389
Manitoba 67 618 127,933 73 531 146,032 67 045 136,840
New Brunswick 7 800 14,757 6 774 13,454 7 068 14,427
Saskatchewan 4 798 9,078 4 976 9,882 3 455 7,051
Newfoundland 0 0 10 19 20 41
Yukon 69 130 23 46 0 1
Northwest Territories 1 146 2,169 0 0 0 0
Total 721 826 1,365,695 738 637 1,466,932 768 243 1,567,988
Refinery output 504 262 499 626 487 000
Exports {Jan.-Sept.)
Copper in ores, concentrate
and matte
Japan 222 285 280,808 216 889 311,226 177 654 263,141
People's Republic of China 8 080 10,919 16 026 26,488 21 311 31,125
Norway 26 100 38,424 25 365 40,920 15 598 25,618
Taiwan 21 094 28,248 29 582 40,690 12 012 18,620
South Korea 37 473 45,071 4 415 6,481 10 878 16,240
United States 15 099 19,267 394 74 2 443 3,786
United Kingdom 825 1,551 897 1,639 594 1,075
Belgium-Luxembourg 246 145 1 005 610 932 522
Mexico 507 584 ] 0 0 ¢
Bermuda 510 599 0 0 0 0
Brazil 2 018 2,266 2 355 3,266 ] 0
Portugal 685 689 0 0 0 0
Italy 91 43 0 0 0 0
West Germany 2 894 3,287 0 [ 0 0
India 35 60 0 0 0 0
Switzerland 1 082 1,569 0 0 0 1)
Sweden 16 20 0 0 0 [
Total 339 040 433,546 296 928 311,226 241 422 360,126
Copper in slag, skimmings and sludge
Ttaly 0 0 322 152 250 100
United States 2 755 1,118 3 449 951 1 7
Total 2 755 1,118 3771 1,103 251 107
Copper scrap {gross weight)
United States 28 242 42,298 26 094 39,148 23 319 39,810
West Germany 722 1,051 2 980 4,740 7 327 8,703
Other countries 3512 5,056 10 463 14,901 4 256 6,330
Total 32 476 48,405 39 537 58,789 34 902 54,843
Brass and bronze scrap (gross weight)
United States 11 460 15,459 9 215 11,227 9 169 11,641
Italy 849 1,066 1 849 2,261 1 436 1,789
West Germany 320 471 1 908 2,364 746 1,054
Brazil o 0 40 46 503 1,040
Taiwan 9292 1,222 475 573 720 859
Other countries 1 687 2,017 2 760 3,367 2 242 2,523
Total 15 308 20,235 16 247 19,838 14 816 18,906
Copper alloy scrap, nes
{gross weight)
United States 3 994 4,644 4 311 4,224 4 380 4,525
Other countries 771 991 2 738 2,950 1 005 1,047
Total 4 715 5,635 6 689 7,174 5 385 5,572
Copper refinery shapes
United States 185 625 343,768 135 488 258,792 143 628 285,673
United Kingdom 39 840 727,020 41 346 79,492 41 381 81,156
West Germany 24 540 43,764 18 151 34,244 11 800 23,497
Netherlands 15 981 28,963 25 060 42,733 7 226 13,531
Italy 4 665 8,253 4 306 8,151 6 337 12,878
People's Republic of China 38 528 67,642 24 063 40,921 2 500 4,930
QOther countries 36 816 66,411 28 701 55,195 15 801 30,083
Total 345 985 631,521 277 115 519,528 228 713 451,748
Copper bars, rods and shapes, nes
United States 9 420 23,706 11 549 27,780 10 841 25,908
Bangladesh 2 787 5,292 1 544 3,137 b 451 3,135
Venczuela 2773 5,861 1 303 2,765 1 295 2,902
Other countries 7 412 14,349 5 074 10,248 1 926 4,220
Total 22 392 49,208 19 470 43,930 15 513 36,165
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TABLE 1. (cont'd.)

Copper plates, sheet and flat products

United States
Other countries
Total

Copper pipe and tubing
United States
Israel
Other countries
Total

Copper wire and cable (not insulated)

United States

Mexico

Other countries
Total

Copper alloy shapes and sections
United States
Other countries
Total

Copper alloy pipe and tubing
United States
Other countries
Total

Copper alloy wire and cable,
not insulated
United States
Other countries
Total

Copper and alloy fabricated
materials, nes
United States
United Kingdom
Other countries
Total

Total exports of copper and products

Copper Imports
Copper in ores and concentrates
Scrap
Refinery shapes
Bars, rods and shapes, nes
Plates, sheet and flat products
Pipe and tubing
Wire and cable, not insulated
Alloy scrap (gross weight)
Powder
Alloy refinery shapes, bars
Brass plates, sheet, strip, etc.
Alloy plates, sheet, etc. nes
Alloy pipe and tubing
Alloy wire and cable not insul.
Copper and alloy fab. mat., nes
Insulated wire and cable
Oxides and hydroxides
Sulphate
Alloy castings
Valves, brass nes

Pipe fittings copper and copper alloy

Total imports of copper and products3

Producers' domestic shipments
Refined

1984F 1985P (Jan.-Sept.) 1986

(tonnes) ($000) (tonnes) ($000) (tonnes) (3000)
6 025 19,335 4 802 16,173 2 985 10,077
219 716 3 504 6,433 105 384
6 244 20,051 8 306 22,606 3 090 10, 461
4 962 14,618 4 816 14,391 4 466 13,685
1 016 2,695 707 1,954 385 1,142
564 1,694 154 466 204 878
6 542 19,007 5 677 16,811 5 055 15,705
487 1,048 196 623 273 791
0 0 18 433 127 280
167 519 150 189 151 277
654 1,567 364 1,245 551 1,348
19 122 53,480 12 928 36,822 12 397 30,032
120 443 98 274 12 95
19 242 53,923 13 026 37,096 12 409 30,127
5 085 14,821 3 612 12,884 1 387 6,470
42 128 79 243 30 154
5 127 14,949 3 691 13,127 1 417 6,624
379 807 327 898 107 452
34 217 13 91 30 129
413 1,024 340 989 137 581
1 759 5,919 1 306 4,943 691 3,366
746 1,314 128 254 11 93
185 646 206 544 230 803
2 690 7,879 1 640 5,741 932 4,262
1,308,069 1,179,342 . 996,576
36 222 34,672 76 177 66,198 51 166 54,955
66 530 76,347 77 749 90,928 48 1390 62,863
25 564 48,751 19 131 39,409 13 771 29,013
5 107 11,087 5 656 12,583 3 550 8,493
4 975 14,139 4 820 13,494 2 183 6,655
3 006 10,751 3 433 12,091 1 979 7,291
3 424 12,600 3 950 15,338 2 814 11,329
9 807 11,032 7 454 8,780 4 893 5,834
1 101 2,805 747 1,919 799 1,916
12 366 31,244 11 436 28,585 9 347 24,080
4 166 13,025 4 002 12,836 4 402 14,263
1 769 8,226 1 638 7,705 1 180 6,413
4 107 19,313 3 765 17,937 3 763 18,239
1 277 4,297 1 506 5,061 1 091 3,633
2 129 11,707 2 732 13,836 2 446 12,239
. 168,825 . 129,344 . 103,907
236 576 270 759 345 886
2 642 1,751 1 381 1,102 3126 2,469
694 4,483 551 3,616 576 3,591
22,176 25,765 19,589
17,613 18,129 14,892
185 122 525,420 226 398 525,415 155 821 410,550

1986¢€
205 476 203 335 205 000 ..

Sources: Energy. Mines and Resources Canada; Statistics Canada.
Blister copper plus recoverable copper
rounding. 2 Includes small quantities of non-copper wire and cable,

in matte and

include insulated wire and cable, valves or pipe fittings.
. Not available or not applicable; nes Not elsewhere specified;
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concentrate exported;
insulated.

totals may not add due to independent
3 Total imported tonnage does not

P Preliminary; ¥ Revised;

© Estimated.



Copper

TABLE 2. CANADA, COPPER PRODUCTION, TRADE AND CONSUMPTION, 1970, 1975 AND
1980-86

Production Exports
Refinery  Concentrates Imports Consumptitm2
Shipments1 Output and Matte + Refined = Total Refined Refined
(tonnes)
1970 610 279 493 261 161 377 265 264 426 641 13 192 229 026
1975 733 826 529 197 314 518 320 705 635 223 10 908 196 106
1980 716 363 505 238 286 076 335 022 621 098 13 466 208 590
1981 691 328 476 655 276 810 262 642 539 452 24 778 241 537
1982 612 455 337 780 257 930 232 621 490 551 28 028 158 587
1983 653 040 464 333 313 796 298 528 612 324 24 559 195 002
19847 721 826 504 262 332 373 345 985 685 032 25 563 231 039
1985P 738 637 499 626 296 928 277 115 574 043 19 131 222 466
1986¢ 768 000 487 000 241 4223 228 7133 470 1353 13 7713 167 1373

Sources: Energy, Mines and Resources Canada; Statistics Canada.

Blister copper plus recoverable copper in matte and concentrate exported. 2 Producers’
domestic shipments of refined copper plus imports of refined shapes. 3 January to September
1986 data.

P Preliminary; © Estimated; ' Revised.

TABLE 3. WESTERN WORLD MINE TABLE 4. WESTERN WORLD PRODUCTION
PRODUCTION OF RECOVERABLE COPPER OF REFINED COPPER!,2 1985 AND 1986
IN CONCENTRATES, 1985, 1986 AND 1987
1985 1986¢
1985 1986¢ 1987f (000 tonnes)
(000 tonnes)
United States 1 435 1 510
Chile 1 355 1 378 1 450 Japan 935 935
United States 1 106 1 170 1 200 Chile 884 928
Canadal 730 747 778
Zambia3 500 510
Zambia 479 490 530 Canada? 500 487
Zaire 502 500 505 Belgium 413 415
Peru 385 400 390
Germany, Federal Republic 414 425
Australia 261 250 250 Zaire 227 215
Philippines 226 225 225
South Africa 204 200 200 Other 2 022 2 005
Papua New Guinea 179 180 240 Total western world 7 330 7 430
Other 1 073 1 060 1 032
Sources: World Bureau of Metal Statistics,
Total western U.S. Bureau of Mines, Energy, Mines and
world 6 500 6 600 6 800 Resources Canada, private communications,
Brook Hunt and Associates
Data as available January 12, 1987.
Sources: World Bureau of Metal Statistics, 1 Includes primary, secondary and
U.S. Bureau of Mines, and Energy, Mines electrowon copper. Includes Yugoslavia.
and Resources Canada, private communica- 3 Includes material from Zaire. Strike at
tions, Brook Hunt and Associates. Noranda refinery June 4-25 and at Noranda's
Data as available January 12, 1987. Horne Smelter November 5 through end of
1 Shipments. 1986 into 1987.
€ Estimated; f Forecast. € Estimated.
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TABLE 5. CANADIAN COPPER AND COPPER-NICKEL SMELTERS, 1986

Blister or Anode
Rated Annual Copper Produced

Company and Location

Product Capaeity in 1985

Remarks

Falconbridge Limited
Falconbridge, Ont.

Inco Limited
Sudbury, Ontario

Falconbridge Limited,
Timmins, Ontario

Noranda Inc.
Horne smelter,
Noranda, Que.

Noranda Inc.
Gaspé smelter,
Murdochville, Que.

Hudson Bay Mining and
Smelting Co., Limited
Flin Flon, Man.

{tonnes of ores (tonnes)
and concentrates)

Copper nickel matte 570 000 26 800

Molten "blister" copper, 3 630 0002 119 800%*3
nickel sulphide and

nickel sinter for the

company's refineries;

nickel oxide sinter

for market, soluble

nickel oxide for

market

Molten "blister” under 70 000*
copper expansion

Copper anodes 838 000 186 000

Copper anodes 325 000 43 500

Copper anodes 400 000 66 000

A smelter modernization program begun in 1975 was
completed in 1978 at a cost of $79 million.

Fluid bed roasters and electric furnaces replaced
older smelting equipment. A 1 800 tpd sulphuric
acid plant treats roaster gases. Matte from the
smelter is refined in Norway.

Oxygen flash-smelting of copper concentrate;
converters for production of blister copper.
Roasters, reverberatory furnaces for smelting of
nickel-copper concentrate, converters for
product ion of nickel-copper Bessemer matte. Pro-
duction of matte followed by matte treatment,
flotation, separation of copper and nickel
sulphides, then by sintering to make sintered-
nickel products for refining and marketing.
Electric furnace melting of copper sulphide and
conversion to blister copper.

Mitsubishi-type smelting, separation and
converting furnaces, acid plant and oxygen plant
to treat continuous copper concentrate feed
stream to yield molten 99 per cent pure copper
which is transported by ladles and overhead
cranes to two 350 t anode furnaces. Expansion
plans to 90 000 tpy by 1988 announced in 1984
was essentially completed by end of 1986.

One oxy-fuel fixed reverberatory furnace; five
converters; 1 continuous Noranda Process reactor;
oxygen for the reverberatory furnace and Noranda
reactor are supplied by two plants with a
combined total of 540 tpd. Continuous reactor
modified to produce matte instead of metal.

Equipped with one fluid bed roaster, one
reverberatory furnace and two converters plus an
acid plant. Treats Gaspé and custom concentrates.

Five roasting furnaces, one reverberatory furnace
and three converters. Company treats its own
copper concentrate from mines at Flin Flon and
Snow Lake, as well as custom copper concentrates,
zinc plant residues and stockpiled zinc-plant
residues fed to reverberatory furnace.

1 Smelter output as reported in corporate annual reports; if no smelter data available, then refinery output shown and indicated by *

following number.

ment sulphur dioxide emission regulations.

Includes copper and nickel-copper concentrates.

This capacity cannot be fully utilized owing to Ontario govern-
Includes a small tonnage of copper from Inco's Manitoba operations.



TABLE 6. COPPER REFINERIES IN CANADA, 1986

Copper

Company and
Location

Rated Annual
Capacity

Output in
19851

Remarks

Noranda Ir}c.

Division CCR
East Montreal,
Quebec

Inco Limited
Copper Cliff, Ont.

Falconbridge Limited
Timmins, Ontario

(tonnes)

435 000

180 000

(See Note)

304 800

119 800

70 000

Refines anodes from Noranda's Horne
and Gaspé smelters, from the Flin
Flon smelter and also from purchased
scrap. Copper sulphate and nickel
sulphate recovered by vacuum eva-
poration. Precious metals, selenium
and tellurium recovered from slimes.
Produces CCR brand electrolytic
copper cathodes and cakes and
billets. $19 million program to
construct new slimes treatment plant
announced in 1986 to be completed
by mid-1988.

Casts and refines anodes from molten
converter copper from the Copper
Cliff smelter; also refines purchased
scrap. Gold, silver, selenium and
tellurium recovered from anode
slimes, along with platinum metals
concentrates. Recovers and electro-
wins copper from Copper Cliff nickel
refinery residue. Produces ORC
brand electrolytic copper cathodes,
and wirebars. Modernization
program began in 1986.

Molten copper from two 350 t anode
furnaces is cast in a Hazelett con-
tinuous casting machine into con-
tinuous copper strip, then formed
to 145 kg anodes in a blanking
press. Spent and scrap anodes are
remelted in a 40 t ASARCO shaft
furnace. Cathodes formed in jumbo
sized electrolytic tanks in a highly
automated tankhouse. A decopper-
ized precious metal slime is also
marketed. Switch-over to stainless
steel blanks for cathodes growth
almost completed by end of 1986.

Note: Expansion to 90 000 tpy by
1988 under way since 1984.

1 As reported in corporate annual reports or as advised by company.
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TABLE 7. AVERAGE COPPER PRICES

(LME Settlement Prices for Higher Grade
Copper, 1985 and Jan. 1 - June 30, 1986,
thereafter Grade A) (Comex Copper Prices
- first position)

LME Comex

1985 1986 1985 1986

(current cents/lb. (U.S.))
January 61.6 64.3 59.2 65.3
February 63.0 63.8 60.6 63.9
March 63.0 65.5 60.1 66.0
April 68.1  65.1 63.6  63.8
May 69.4  64.4 62.9  62.7
June 65.0 64.1 60.1 62.6
July 66.9  61.0 60.8  58.9
August 64.4 59.1 60.2 57.6
September 62.0 61.1 59.6 60.7
October 62.8 59.7 61.0 59.2
November 62.1 59.1 60.6 58.9
December 63.2 60.6 63.2 60.2
Annual 64.9  62.31 61.0  61.5

Source: Metals Week except LME 1986 annual
average.

Not calculated by Metals Week, as neither
Grade A or higher grade contracts existed
throughout the entire year. The arithmetic
average of the monthly prices for the
highest grade sold calculated as 62.3
cents/lb., (U.S.).
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COPPER IN CANADA, 1986
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= PRIMARY SMELTERS /

A REFINERIES
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PRODUCERS IN 1986

(numbers and letters correspond to those in map "Copper in Canada 1986")

British Columbia Quebec
1. Noranda Inc. (Bell mine) 1. Les Mines Selbaie
2. Equity Silver Mines Limited 2. Noranda Inc. (Mattagami Lake mine)
3. Gibraltar Mines Limited 3. Corporation Falconbridge Copper,
4. Lornex Minein% Corporation Ltd.1 Opemiska Division
5. Cominco Ltd. 4. Northgate Mines Inc.
6. Newmont Mines Limited Campbell Resources Inc.
7. Brenda Mines Ltd. 5. Corporation Falconbridge Copper,
8. Utah Mines Ltd. Lac Dufault Division
9. Westmin Resources Limited Audrey Resources Inc.
10. Afton Mines Ltd. (Mobrun project)
6. Noranda Inc., Division Mines Gaspé
Saskatchewan New Brunswick
Hudson Bay Mining and Smelting Co., Brunswick Mining and Smelting
Limited Corporation Limited
Nova Scotia
Manitoba
Rio Algom Limited
1. Sherritt Gordon Mines Limited
(Ruttan mine)
2. Inco Limited (Thompson mine) SMELTERS
3. Hudson Bay Mining and Smelting Co.,
Limited, Flin Flon area mines A. Hudson Bay Mining and Smelting Co.,
4. Hudson Bay Mining and Smelting Co., Limited
Limited, Snow Lake area mines B. Falconbridge Limited
C. Inco Limited
Falconbridge Limited
D. Noranda Inc.
Ontario F. Noranda Inc., Division Mines Gaspé

1. Mattabi Mines Limited
Noranda Inc. (Lyon Lake) REFINERIES

2. 1Inco Limited (Shebandowan mine)

3. Noranda Inc. (Geco mine} Falconbridge Limited

4. Falconbridge Limited, Timmins Falconbridge Limited
Pamour Inc. Inco Limited

5. Falconbridge Limited, Noranda Inc., Division CCR
Sudbury area Gibraltar Mines Limited
Inco Limited, Sudbury area

aw

o

I Operations combined as Highland Valley Copper, a partnership of Cominco Ltd. and Lornex
Mining Corporation Ltd.

An inventory of undeveloped Canadian copper deposits is available in the publication
"Canadian Mineral Deposits Not Being Mined in 1983", Energy, Mines and Resources Canada,
Report MRI 198, ISBN 0-660-11580-8.

For detailed production and ore grade information, refer to the Table of Nonferrous Mines
following the last commodity chapter.
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Crude Oil and Natural Gas

R.L.

The dramatic drop in global oil prices in
1986 has depressed exploration and develop-
ment activities in Canada. During the past
14 years, the world has witnessed three
price "shocks™ that have had an impact on
producers and consumers of crude oil and
related products. The first occurrence, in
1973, saw the increase in importance of the
role of the Organization of Petroleum Export-
ing Countries (OPEC) formed in 1960 and a
jump in crude oil prices. This resulted in
several consumer nations starting conserva-
tion schemes necessary to curtail the volumes
of high-cost imported oil. The next price
escalation came in 1979 with a further dou-
bling of oil prices until 1982 during which
time OPEC prices began to shift downward
due to a world recession. At the commence-
ment of 1986, the oil price dropped markedly
to one half of its 1985 level and stabilized to
about $US 14 per barrel. In Canada, the
current price for oil has not only slowed
major projects in oil sands, heavy oils and
frontier offshore development, but also for
conventional drilling in the western prov-
inces. Canadian well completions are antici-
pated to reach 6,500 this year, which
represents a 46 per cent decrease compared
to last year's record level of 12,000
completions. Aggregate metrage drilled is
expected to be 9 million m whereas it was
13.7 million m in 1985, a decline of 34 per
cent. Although drilling and metrage are
down, these statistics indicate that the
average well depth has increased from 200 m
to 1 380 m/well.

EXPLORATION

Statistics compiled for the first three
quarters of 1986 show the level of explora-
tion activity in western Canada (Manitoba,
Saskatchewan, Alberta, and British
Columbia) has declined considerably com-
pared to the corresponding period last
year. Late last year, it was realized that
1985 would be a record year, especially for
drilling activity, and industry analysts at
that time were forecasting that 1986 would
surpass that level by some 1 500 wells.
Although oil prices had fallen earlier this

THOMAS

year, the drilling industry achieved almost
3,600 well completions during the first three
months. This was 20 per cent higher than
the 3,000 wells drilled in the first quarter of
1985. In the January-~to-March period,
activity in the western provinces is normally
high because the ground 1is frozen, thus
permitting the movement of heavy equipment
and making drilling much easier. In April of
each vyear, the western provincial govern-
ments impose "road bans" that restrict heavy
vehicles from many of the highways because
of ground thaw. This change in weather
conditions may last from six to eight weeks
during which time very Ilittle exploration
activity occurs. After this lull in activity,
known as Spring breakup, the petroleum
industry begins summer drilling first in the

southern regions, then quickly moving
northward.
This year, the traditional surge in

activity after breakup did not occur due to
dropping oil prices. There has been a
marked decline in all upstream indicators,
such as: land sales, geophysical activity,
well licences, and rig utilization. In western
Canada, revenues received by the provincial
governments have fallen by 70 per cent,
from $755 million in 1985 to $224 million, and
the number of hectares (ha) sold is down by
40 per cent, from 2.9 million ha to 1.7
million ha. The average price paid per
ha, having declined by 48 per cent, went
from $261 per ha to $135 per ha.

While last winter some 112 geophysical
crews were active, there are now only 55
active crews. The geophysical sector has
experienced a serious downturn during the
past couple of years. Geophysical companies
bidding for available contracts are often
operating at costs. Some of the older
established firms have restructured or
ceased operations due to rising costs,
carried debt and reduced cash-flow. Many
operators, in order to reduce risks, are
restricting exploration to known oil and gas
regions where there already exists basic
geophysical information. This in turn
reduces the need for extensive new surveys.

R.L. Thomas is with the Energy Sector, Energy, Mines

and Resources Canada.

Telephone (613) 995-2500.
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The number of well licences issued, a
provincial requirement for drilling wells, has
also fallen drastically. Down by more than
50 per cent, this statistic is a leading
indicator for the number of future comple-
tions. At the end of September 1986, the
western provinces had issued some 4,200
licences compared to almost 8,700 licences
issued during the same period the previous
year.

The utilization rate for Canada's drilling
rigs has not yet fully recovered to its
normal level since spring breakup. Its fleet
availability remains the same as last year at
around 560 units, but only 150 rigs are
active for 30 per cent utilization, whereas
during the corresponding 1985 period, some
350 rigs were employed. In the remaining
quarter of this year, an improvement in rig
utilization is anticipated due to the winter
drilling season, provincial incentives and the
removal of a federal tax (PGRT) which will
improve company cash flows.

RESERVES

At the commencement of 1986, Canada's total
remaining established reserves of crude oil
and pentanes plus stood at 1 068 million m3,
a slight improvement over 1985. In the pro-
ducing regions, south of 60° latitude, the
reserves of conventional crude oil fell by 12
million m3 to 804 million m3; pentanes plus
had risen by 34 million m3 to 134 million m3,
resulting in a net increase in reserves of
2 per «cent, or 22  million m to 938
million m~. Frontier reserves of crude and
pentanes plus declined by 21 million m” to
130 million m? due to reassessment.

An increase of 34 million m3, to
169 million m3, was recorded in the reserves
of liquefied petroleum gases during the past
year. All of the increase occurred in
western Canada and primarily in Alberta. In
Manitoba, there was a six-fold increase in
LPG reserves, which went from 13 to 77
thousand m3, due to increased drilling for
natural gas. Saskatchewan's reserves dipped
slightly because of increased natural gas
production.

Canada's remaining established reserves
of marketable natural gas fell slightly over
the past year as production had been much
greater than the gross additions. The
Canadian Petroleum Association (CPA) had
estimated that while gas production rose by
4 per cent, the volume of new discoveries
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and existing reserve revisions declined by
almost 80 per cent compared to the previous
year. Although drilling for natural gas has
remained somewhat stable during the past
few years in all regions, reserves from new
discoveries in the producing and frontier

areas have been greatly reduced. At the
start of 1986, the natural gas reserves stood
at 2.8 trillion m3, with 75 per cent

(2.1 trillion m3) being located in the
producing regions. Remaining established
reserves of marketable natural gas in
producing regions at the end of 1984 were
2.1 trillion m® and about 0.5 trillion m” are
carried for the frontier areas.

PRODUCTION

The production of conventional crude oil and
synthetic crude oil (Suncor and Syncrude
plants) is expected to average some
231 000 m3/d during the year, a decline of
3 000 m3/d compared to 1985. While
conventional production fell, synthetic
production rose due to minimal production
and maintenance downtime. Alberta's
conventional output has continued to slip
since 1984, now down by 6 per cent to
159 000 m3/d of light/medium and heavy oils,
whereas it was at 169 000 m3/d previously.
During the past couple of years, Canada's
bright spot has been the Norman Wells field
in the Northwest Territories. Imperial Oil
Limited, the operator of Norman Wells, has
markedly increased its oil production to
4 150 m3/d from 460 m3/d in 1983, through
development drilling, gas lift operations and
water injection.

Natural gas liquids production is
anticipated to drop by 9 per cent this year,
to 51 000 m3/d from 56 000 m3/d in 1985.
Each of its components (pentanes plus,
propane, butane, and ethane) have recorded
declines in output. Separate figures for
NGL production show that ethane production
statistics were first kept in 1977, at which
time some 1 000 m3/d were produced. Now,
nine years later, its share of total output is
almost 25 per cent, an indication of its
importance as a natural gas by-product.

While sales of Canadian natural gas to its
domestic market has remained unchanged
over the previous year, exports to the
United States have fallen by 15 per cent,
from 72 to 61 million m3/d. Current total
throughput has been reduced by 6 per cent,
to 196 million m3/d from 1985's record level
of 209 million m3/d.



RESOURCES

The Geological Survey of Canada assesses by
a probabilistic method the petroleum basins
throughout the country to estimate the
undiscovered oil and gas resources. A
recent GSC report describes the light and
medium gravity oil potential in the Western
Sedimentary Basin. After studying 65
established exploration plays in this region,
it is estimated that an additional 590
million m of technically recoverable oil,
dispersed in more than 4,000 individual
pools, will be discovered at an average
(50 per cent) expectation. On the aver-
age, future discoveries are expected to
contain smaller reserves than those made in
the past. According to the 1983 GSC report
of Canada's total estimated petroleum
resources, the oil potential ranges from
1 500 million m3 to 9 000 m3 and its
expected value (50 per cent) is at 4 700
million m~. The corresponding natural gas
potential ranges from 4 300 billion m® to
18 000 billion m3 with a_ 50 per cent
expectation of 9 500 billion m°>.

HEAVY OILS - OIL SANDS

Canada's two commercial o0il sands plants
(Suncor Inc. and Syncrude Canada Ltd.)
had a combined output, during the vyear,
exceeding 28 000 m3/d of synthetic crude oil
from licenced reserves of 3 900 million m3 in
the Athabasca region of northeastern
Alberta. The province estimates the pres-
ence of some 160 000 million m3 of raw
bitumen - heavy oil in its oil sands deposits,
of which 55 000 million m> are ultimately
recoverable under today's technology. The
Suncor and Syncrude plants extract the
bitumen through open-pit mining by large
bucket wheels, transport the material to
their processing plants via conveyor systems
and then separate the heavy bitumen from
the sand by a hot water process. The
bitumen is processed to give lighter
petroleum products, mainly: naphtha,
kerosene and gas-oil. These products are
then mixed together and called "synthetic
crude oil" which is shipped by pipeline to
refineries in southern markets.

Besides the open-pit mining operations,
there are several in situ bitumen - heavy oil
projects in western Canada that produce oil,
and make a significant contribution to the
country’s crude output. In addition to the
two major older operations (Esso ReBources
Canada Limited at Cold Lake and the British
Petroleum Company p.l.c./Petro-Canada at
Wolf Lake), a third facility operated by Shell

Crude Oil and Natural Gas

Canada Limited has begun commercial pro-
duction in Peace River. These three
currently produce some 13 000 m3/d and all
have plans for future expansion. There are
many other smaller projects in Saskatchewan
and Alberta but in many cases activities
have been slowed because of low oil prices.

Another source of crude oil is that which.
remains unrecovered in an existing pool after
primary and secondary recovery has taken
place. This residual oil can be recovered in
part through enhanced oil recovery (EOR),
by means of thermal and chemical proces-
ses. These Mtertiary"™ methods are oil
price-sensitive because of high capital and
operating costs. The GSC estimates the
potential in the western producing provinces
to be from 160 to 950 million m3.

OUTLOOK

The projected increase in industry activity
for 1986, forecast in late 1985, did not
materialize because of the rapid fall in crude
oil prices. All of the industry's exploration
indicators declined markedly, ranging from
30 to 80 per cent of the previous vyear's
level. Industry restructuring through com-
pany acquisitions and mergers can be expec-
ted to improve profit margins in coming
years.

An agreement between OPEC members
this December proposes production cutbacks
to balance demand and supply at oil prices
of about $US 18 per barrel. Based on the
current rate of exchange between Canada
and the United States, this would translate
into about $Cdn 25, which is believed
enough to sustain moderate levels of explora-
tion and development in western Canada and
some frontier regions.

In June 1985 and November 1986,
deregulation respectively of crude oil and
natural gas pricing occurred in Canada.
Market-based pricing, achieved by negotia-
tion between producers and purchasers was
established for domestic and exports supplies
of oil and gas.

During the year, both levels of
government found it necessary to assist the
petroleum industry. The Alberta government
introduced an exploration and development
incentive program designed to inject $500
million into wvarious types of drilling and
geophysical programs. In addition to this,
it also reduced oil and gas royalties, allowed
for royalty holidays and extended the
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royalty tax credit program. The province is
also expected to simplify its natural gas
royalty system.

The federal government eliminated its
Petroleum and Gas Revenue Tax (PGRT)
some 27 months ahead of schedule. In
addition to the termination of PGRT, the
government changed the tax on royalty
income, a measure that affected taxpayers
who received income as a royalty on oil or
gas production.

The Canadian Petroleum Association has
recently predicted that drilling activity in
1987 will be reduced by 30 per cent (to
5,000 well completions) because of low prices
and decreased cash flow. It also forecasts
that investment will fall by 30 per cent to
about $4 billion. Low oil prices have caused
significant employment losses in the
petroleum sector.

Canadian oil analysts and trade
associations anticipate a recovery for the
industry overall because of the deregulated
environment and firming of oil prices.
Diminished activity is expected in the first
guarter of 1987, following the termination of
1986 provincial incentive programs, but the
situation is expected to improve during the
remainder of the year. The oil sands and
heavy oils resources of Alberta and
Saskatchewan will continue to attract invest-
ment for development as domestic needs for
light oils and export opportunities for heavy
oils grow. Frontier developments generally
require stable, higher prices to proceed.

Conversion factors (approximate):

1 cubic metre (m3) oil = 6.3 barrels
1 cubic metre (m3) gas = 35.3 cubic feet

CANADA'S PETROLEUM REGIONS
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Diatomite

DANIEL J.

Diatomite is a siliceous, sedimentary rock
composed mainly of opaline silica formed from
the fossilized skeletal remains of the diatom,
a unicellular aquatic plant related to the
algae. Diatoms, of either fresh or salt
water origin, extracted silica from the
surrounding water and secreted it as a
microporous, intricate, complex fossil
arrangement, often symmetrical in design,
which accumulated to form deposits, some of
which are hundreds of feet thick.
Diatomite's usefulness stems from its physical
characteristics and chemical inertness. The
porous structure provides unusual filtering
properties, low bulk-density, large surface
area and low thermal conductivity. The main
requirements for the formation of a
commercial scale deposit are: large shallow
basins, an abundant supply of soluble silica,
often provided by wvulcanism; sufficient
nutrients for the diatoms; the absence of
growth inhibiting constituents such as a high
concentration of soluble salts; and little
deposition of clastic sedimentary materials.
While many known occurrences appear across
the world, large-scale production occurs
primarily on the western coast of the United
States and in western Europe.

CANADIAN INDUSTRY, DEVELOPMENTS
AND TRADE

Diatomite has been produced every year in
Canada since 1896; however, this production
has fallen short of Canadian consumption
every vyear and has been augmented by
imports, primarily from the United States.
Essentially all Canadian diatomite production
was from lake deposits in Nova Scotia up
until 1941; however, since 1955, all produc-
tion has originated from the Quesnel area in
central British Columbia.

In 1967, Dome Petroleum Limiteqd
acquired the mining rights of Crownite
Diatoms Ltd. and through a name change
formed the wholly~owned  subsidiary -
Crownite Industrial Minerals Ltd. - to mine
and process diatomite and pozzolanic shales
from  deposits just west of Quesnel.

SHAW

Crownite Diatoms Ltd. had operated for
about six years on a very limited basis,
producing mainly burnt shale pozzolan which
was used as a construction material. Under
Crownite Industrial Minerals' ownership the
plant had a rated capacity of 36 000 tpy and
produced low-quality diatomite suitable for
the manufacture of insulating brick for use
in the refractories industry and as a carrier
in the production of fertilizers.

In early-1982, the Crownite Industrial
Minerals' plant changed ownership and was
reopened in mid-December under the name of
Microsil Industrial Minerals Ltd. Partnership,
after upgrading to a more efficient unit.
The new plant is concentrating on the
production of granular ‘aggregate' products
such as floor absorbents, soil conditioners,
granular chemical carriers, pet litters, plus
a limited number of processed powder
products.

For confidentiality reasons, statistics on
Canadian production and exports are not
available for publication. However, Canadian
imports of diatomaceous earth was 24 227 t
in 1985, up 1.4 per cent from 1984. The
sources of these imports were the United
States and Denmark,

MARKETS, SUBSTITUTES AND WORLD

TRADE

Diatomite is marketed in three grades -
natural, calcined or pink, and flux—calcined
or white. Although mining is by open-pit
methods and normally uncomplicated, present
processing techniques are not simple. For
example, common size reduction methods such
as ball milling or grinding would destroy the
delicate structure of the mineral which would
render it useless for such applications as
filtration and as a flatting agent in paint.
Current production techniques require costly
plant equipment such as dryers, kilns,
cyclones and air classifiers to produce a
product of high purity and consistent
uniformity.

D.J. Shaw is with the Mineral Policy Sector, Energy,
Mines and Resources Canada. Telephone (613) 995-9466.
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The principal use for diatomite is as an
industrial filtration medium. The porous
structure of the individual diatoms and of
their arrangement within the bedded deposit
results in a material with about 90 per cent
voids, capable of removing solid particles as
small as 0.1 micron in size, while not
impeding the flow of liquid through the
filter. Flux-calcined grades which are
calcined at up to 2200°F with alkali salts,
although more expensive, are favoured as
filtration aids.

Diatomite is one of the principal
extender minerals or fillers. It is used as a
flatting agent in paint, a bulking agent in
paper, a pozzolanic agent in concrete and a
shrinkage-control agent in plastics. These
applications usually require calcined material
which would average over 90 per cent silica
content and have a near-white appearance.

As a powder, an aggregate or in the
form of bricks, blocks or slabs, diatomite is
used as an insulation material, its cellular
structure providing sound-proofing qualities
and low thermal conductivity. In natural
form (uncalcined) diatomite in the minus
325-mesh size range is used as a fertilizer
coating and insecticide carrier.

The successful marketing of diatomite
products by major producers has depended,
to a large degree, on their ability to furnish
high-calibre technical sales service, backed
by strong research and development facili-
ties, to the specialized needs of customers.
While these expensive facilities have been an
effective barrier to entry into the field, the
existence of small producers supplying local
or lower grade markets attests to their
ability to compete successfully against their
large counterparts. The large diatomite
producers are well established and market
their products under trade names, one or
more of which the customer recognizes as
best serving its requirements.

Diatomite has many substitute materials;
however, in most instances the mineral's
unique properties and characteristics make it
the ingredient of choice. For filtration
applications, such as pharmaceuticals and
sugar processing, expanded perlite, asbestos
and silica are making inroads. Mica, clay
and ground talc are successfully replacing
diatomite as a flatting agent in paint and as
a filler material in paper. The consequences
of such substitution is not as injurious for
certain diatomite producers, as they are
diversified into the production of perlite and
talc.

United States: In 1985, a breakdown of
U.S. diatomite production sold, including
exports, reveals that the filtration use
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accounts for the largest share of demand
with 67 per cent. Over the last decade,
filtration's market share of demand has been
relatively stable, between 60 to 68 per cent
of U.S. shipments. Filler applications
accounted for the second largest share of
demand in 1985 with 22 per cent of U.S.
shipments; while additive aplications, insu-
lation, abrasives and absorbents accounted
for the remaining 11 per cent of demand.

Current world diatomite production is
estimated at 1.5 million t. In 1985, the
United States was by far the largest pro-
ducer, accounting for approximately 38 per

cent of world production. U.S. production,
578 000 t in 1985, is confined to four
western states - California, Nevada, Oregon
and Washington. Of these, diatomite

operations in California account for more

than half of U.S. production. Four
companies - Eagle-Picher Industries, Inc.,
Grefco, Inc., Manville Products Corporation,

and Witco Chemical Corporation account for a
large proportion of diatomite extracted and
processed in the United States.

Europe: The most important European
producers are located in France and
Denmark, where 1985 production is estimated
at 218 000 t and 132 000 t respectively.
Over 90 per cent of French production comes
from the operations of Carbonisation et
Charbons Actifs SA in Cantal and Ardéche.
The other French producer is Diatomeé et
Dérivées, SA operated by the Manville
Corporation subsidiary, Manville International
Corporation. Manville International Corpora-
tion is also involved in diatomite mining and
processing in Spain, Iceland and Mexico, and
when combined with Manville Products
Corporation's production in California repre-
sents 25 per cent of world production. The
U.S8.5.R. and Romania are also important
producers; however, details from these
countries are unavailable. Together, these
two countries are estimated to produce
281 000 t of diatomite - representing about
18.5 per cent of world production.

OUTLOOK

The outlook for diatomite is one of continued
steady growth both in the short and long
term. As concern for the environment and
health becomes more apparent, especially in
developing countries, the need for more
efficient filtration of water supplies and
industrial and chemical wastes, for example,
will become greater. From the 1985 base,
demand for diatomite is expected to increase
at an average annual rate of about 4 per
cent through 1990. The main increases will
be in filtration applications where diatomite's
performance is unmatched.
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TABLE 1. CANADA, DIATOMITE IMPORTS, 1981-86, AND CONSUMPTION, 1982-85

1981 1982 1983 1984 1985 19861
tonnes $000 tonnes $000 tonnes  $000 tonnes tonnes  $000 tonnes  $000
Imports
Diatomaceous earth
United States 25 382 5,311 23 130 5,074 23 298 5,382 23 892 24 223 5,982 19 938 4,918
United Kingdom 163 58 - - - - - - -
Denmark - - - - - 4 2 - -
Total 25 545 5,369 23 130 5,074 23 298 5,382 23 892 24 227 5,984 19 938 4,918
1982 1983 1984 1985P
Consumption
Fertilizers, stock
and poultry feed 7 972 9 118 8 136 8 921
Refractrory brick,
mixes 555 1 686 2 658 3 162
Sugar processing 1 487 2 1797 2 251 3 523
Other 4 004 3 206 2 324 3 155
Total 14 018 16 189T 15 369 18 761
Sources: Energy, Mines and Resources Canada; Statistics Canada.

First nine months of 1986 only.

P Preliminary;

I Revised;

- Nil.
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TABLE 2. WORLD

DIATOMITE PRODUCTION FOR 1970, 1975, 1980 AND 1982-85

United States
Brazil

Denmark

France

West Germany
Iceland

Spain

Other Western
World Countries
Centrally Planned
Countries

World total

1970 1975 1980 1982 1983 1984 1985
(000 tonnes)
542 514 625 556 562 569 578
- - 17 16 16 16 18
238 236 152 125 125 130 132
160 209 218 200 240 218 218
92 45 53 42 43 44 45
13 23 18 20 25 25 27
18 23 27 20 65 54 54
156 177 155 132 171 173 171
372 408 227 277 277 281 281
1 591 1 635 1 492 1 388 1 524 1 510 1 524

Source: Mineral Commodity Summaries, U.S.B.M.

- Nil.
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Ferrous Scrap

R. MCINNIS

In 1986, the Canadian ferrous scrap industry
faced a market very similar to that of the
previous year. Volumes sold and prices
received were very close to those of 1985.

The market was flat in 1986 with little
change in monthly volumes or prices. By
the end of July, prices had increased
marginally and remained relatively steady
during the last quarter of the vyear.
Canadian market for scrap was quite
different from that of the United States
where prices for No. 1 heavy melting scrap
dropped from about $US 78 a short ton in
January 1985 to approximately $US 63 in
December.

The declining value of both the
Canadian and American dollar helped to
produce a slight increase in exports of
ferrous scrap. Sales to developing Asian
countries were very good.

In recent years, scrap purchases have
followed closely the volume of steel produced
in a given month as many steel mills have
kept inventories of scrap to a minimum. A
just-in-time scheduling of  delivery of
materials sourcing has become a common
operating procedure in the industry.

There was little change in the volume of
scrap purchased by the Canadian steel
industry in 1986. The steel mills purchased
30.2 million t in the first 10 months of 1986,
compared with 29.6 million t in the same
period of 1985. The total consumption of
scrap by the steel industry including own-
generated scrap was 6.75 million t in 1986.
Ferrous scrap consumed by the steel
industry in 1985 totalled 7.04 million t.

A considerable increase in the amount
of continuously cast steel will occur as new
casting equipment comes on-stream. Stelco
Inc., Dofasco Inc., IPSCO Inc. and Atlas
Steels, division of Rio Algom Limited are all
installing new continuous-casting equipment,

which will reduce the amount of own-
generated scrap produced in these mills.
Since the amount of scrap used in the
production of a tonne of steel is unlikely to
diminish, Canadian steel companies can be
expected to use larger tonnages of pur-
chased scrap.

The demand by scrap users for higher
quality products, especially in terms of the
chemical analysis, will continue as the world
steel industry pursues its quest for better

steels. Price changes are indicated by the
Ferrous Materials Price Index D614305,
published by Statistics Canada. For 1984

the index average was 104.2, in 1985 the
average was 100.7 and in October 1986, it
was 99.9. The index 100 applies to the base
year, 1981.

CANADIAN INDUSTRY STRUCTURE

The Canadian ferrous scrap industry com-
prises approximately 600 firms. These
companies collect, store and process the
ferrous scrap for sale to the user indus-
tries. Most of these firms are small and are
involved only in the collection of scrap.
Dealers who are also involved in the sorting
and storage of scrap are fewer in number,
while those who engage in capital intensive
processing comprise the smallest group.
Scrap processing requires heavy equipment
such as mechanical shredders, shears,
presses and bundlers. This segment of the
scrap industry produces the products needed
by the user industries, such as steel mills.
A new competitively sized processor would
have to spend in excess of $10 million on
capital equipment today.

Scrap is such an important raw material
that it is common practice for Canadian steel
producers to hold equity in scrap processing
companies in order to reduce the risk of
supply problems, and to assure quality
control of the scrap to meet their needs.

R. MCInnis is with the Mineral Policy Sector, Energy,

Mines and Resources Canada.

Telephone (613) 995-9466.
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Autobody shredding equipment repre~
sents a significant capital investment in the
scrap industry. There are presently 15
shredders installed in Canada, which in
aggregate have the capacity to process about
1.3 million cars per vyear.

Statistical Process Control was
implemented at most of the large processes in
response to market demand for higher levels
of quality control of purchased scrap.

Capital expenditures in 1986 were low,
the major one being $5 million for installation
of a shredder at Co-Steel Inc.'s plant in
Whitby, Ontario.

CANADIAN DEVELOPMENTS

Prices and shipments of scrap increased
during 1984, and then stabilized in 1985 and
1986.

In an integrated steel mill the ratio of
purchased to own-generated scrap, that is
consumed by the mill, varies from year to
year. This ratio for the Canadian steel
industry was 0.93 in 1984 and 1.02 in
1985, and .90 in 1986. The ratio is partly a
function of the price of scrap and partly
dependent on other factors. For example,
in times of low steel demand, steel mills may
use iron produced in their operating blast
furnaces in place of purchased scrap to

avoid banking the blast furnaces. This
measure can also maintain iron ore and coal
consumption near contracted levels. This

practice may have been applied in 1982 when
the amount of purchased scrap used per
tonne of steel produced was unusually low,
even though the price of scrap was
especially depressed. Greatly expanded use
of continuous casting equipment will
influence this ratio in the next few years.

In the case of the electric furnace steel
industry, the price-demand relationship is
much more direct because ferrous scrap is
the principal raw material. Electric furnace
mills can consequently produce steel at
considerably less cost than integrated mills
in periods of low steel demand and low scrap
prices, allowing them to capture market
share and remain profitable. Many com-
panies in this industry are installing ladle
refining facilities to improve the quality of
their products thereby allowing them to
compete with the integrated mills over a
larger product range.

The increasing use of continuous casting
and improvements in basic oxygen furnaces
(BOF) such as the advent of Lance Bubbling
Equilibrium (LBE) equipment, will tend to
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reduce the levels of own-generated scrap
and increase the demand for purchased
scrap. Also, the entrance of QIT-Fer et
Titane Inc. into the production of steel in
1986 will probably add to the demand for
purchased scrap. QIT currently produces
pig iron as a co-product with titanium
dioxide in its electric furnace smelting
facilities at Tracy, Quebec.

The QIT steelmaking facility will be a
potential scrap customer because, with its
capacity to produce 440 000 tpy of steel
billet, it could use up to 132 000 tpy
of scrap, although the present intention is
to make high quality billet using only its
own pig iron.

Canada is more than self-sufficient in
scrap, but there are regional differences in
supply and consumption that result in
significant trade between Canada and the
United States. A high percentage of scrap
that is in excess of eastern Canadian needs
is exported to markets in the northeastern
United States while the western Canadian
market, which is generally deficient in local
scrap, imports it from the American
northwest and central regions.

The ferrous recycling industries in
Canada and the United States share what
they consider to be a single market. There
are few restraints to the movement of scrap
across the border and, consequently, prices
in the United States have a major impact on
those in Canada. During the last three
years, 90 per <cent of Canadian scrap
exports have gone to the United States.
Exports helped support the domestic price,
especially in the last half of 1986. Virtually
all Canadian imports originate in the United
States.

As the recycling industry in Canada
has grown, and as it has become more
mechanized and efficient, more scrap has
been available for export. The international
market for scrap is very competitive and
tends to fluctuate widely from year to year.
Countries which have a history of buying
significant volumes of scrap include South
Korea, Spain, Italy and Japan.

SCRAP CLASSIFICATION

The producers of ferrous scrap describe
unprocessed scrap by its origin. Home or
own-generated scrap is produced in the
manufacture of steel mill products, whereas
prompt industrial scrap is generated by the
secondary manufacturing industry and
obsolete scrap comes from discarded
machinery, equipment and structures.



Prompt and obsolete scrap is generally
processed by the recycling industry and is
made into a number of products for which
standards have been written by the Canadian
Association of Recycling Industries.

Scrap classification is based on factors
such as size, type of material, cleanliness,
and residual alloys. The most common
grades are as follows:

Scrap Products

Class

No. Grade and Type

100 No. 1 Heavy Melting Steel

101 No. 1 Hydraulic Bundles

102 No. 2 Bushelling - Prepared

103 No. 2 Heavy Melting Steel

104 Plate and Structural Steel

105 No. 2 Hydraulic Bundles

106 Hydraulic Silicon Bundles

107 No. 2 Bushelling - Prepared

108 No. 1 Bushelling (Clips)

109 Short Shovelling Steel Turnings
{(Crushed)

110 Machine Shop Turnings

111 Mixed Turnings and Borings

112 Cast Iron Borings

113 No. 1 Shredded Scrap

114 No. 2 Shredded Scrap

115 Briquetted Steel Turnings - Alloy
Free

116 Briquetted Steel Turnings - Alloyed

117 Foundry Steel

USES

Most ferrous scrap 1is wused in electric
furnace steel mills and integrated mills for
the production of steel. The foundry indus-
try is the second largest market for scrap.
Minor markets include the production of iron
powders, sinter, ferroalloys and abrasives.

Scrap used in the electric furnace steel
industry must be carefully selected in order
to minimize the melting time and the conse-
quent cost of energy per tonne, and to
maximize the furnace productivity. Depend-
ing on the grade of scrap, it can take from
1 100 to 1 200 kg of scrap to produce
1 000 kg of steel. Tramp elements in scrap
are a larger problem in electric furnaces
than in integrated mills because there is less
opportunity to remove them by oxidation and
slagging or to dilute them in the melt by
addition of pig iron. Certain elements like

Ferrous Scrap

tin are more difficult to remove than
others. Thus scrap grades low in tramp
elements are preferred by electric furnace
mills.

Open-hearth and basic oxygen furnaces
(BOF) provide more scope for steel refin-
ing. In these, scrap can be added at about
50 per cent and 30 per cent of the respec-
tive charges. In a BOF a small amount of
scrap is necessary to absorb the energy
released when the carbon in the molten iron
is removed by oxidation. This same energy
can be used to melt up to 30 per cent
scrap. Apart from the saving in energy,
ferrous scrap is usually much cheaper than
iron produced in a blast furnace. There-
fore, integrated mills focus some of their
research effort on optimizing the amount of
scrap charged to their steel furnaces.
These types of furnaces can tolerate
relatively higher levels of impurities or
tramp elements because of the diluting effect
of the main charge of pig iron as well as the
greater potential for the removal of unwanted
elements.

On balance, integrated steel operations
have more flexibility than electric furnaces
with respect to the percentage of scrap in
furnace feed and they are also less
dependent on scrap availability and price.
In periods of high demand, when integrated
mills operate near capacity, scrap usage is
often maximized to increase steel production
even if scrap prices are high. The reverse
situation may apply when steel demand is low
and scrap use is pgoverned by a minimum
blast furnace operating rate. In this case it
would be necessary to restrict scrap use to
avoid over-~production even if scrap were
available at a very low price.

OUTLOOK

Both integrated and electric furnace mills are
experiencing rapid technological change
which will have a long-term impact on the
scrap market.

Recent research and development efforts
have focused on increasing the amount of
scrap that can be used in the oxygen steel
converter. New developments include
systems in which fuel and oxygen are blown
into the converter to preheat the scrap
charge, and Lance Bubbling Equilibrium
(LBE) equipment in which inert gases are
blown through the bottom of a BOF-type
vessel. The more efficient mixing created
by the LBE system results in higher yields,



increases the amount of scrap that can be
charged, and improves the quality of the
steel produced. LBE equipment is being
installed in a number of Canadian BOF's.

The market for scrap and the amount of
scrap purchased by integrated mills also
vary with the amount of scrap produced
within the steel plant. The introduction of
continuous casting has considerably reduced
the ratio of home to purchased scrap.
Yields from molten crude steel to finished
steel can increase by almost 20 per cent
when continuous casting is used instead of
ingot casting. At least four new continuous
casters will be installed in Canadian mills in
the next few years.

In the case of electric furnace mills the
main substitute for scrap is direct reduced
iron (DRI), which, when melted with scrap,
has the advantage of diluting the
concentration of tramp elements. However,
DRI is considerably more costly than scrap.

Technical developments in this industry
have centred on the treatment of the steel in
a holding vessel, a process called Ladle
Metallurgy. This technique frees the
furnace for more production and allows a
final treatment to improve the chemistry of
the steel produced. The improved products
will allow electric furnace mills to capture a
greater share of the steel market and
thereby increase the demand for scrap.

Scrap usage is expected to increase by

approximately 3 per cent in 1987. In the
medium-term to 1990, usage should increase
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4 to 5 per cent per year as more continuous
casting equipment is added and a greater
percentage of the steel made in North
America is produced in electric furnaces.
The growth rate after 1990 is forecasted to
slow to approximately 2 per cent per year.

The anticipated rising demand for higher
quality scrap, especially in terms of low
levels of tramp elements and more desirable
product forms, will likely require the instal-
lation of more sophisticated process
equipment. This could include x-ray
spectrometers to analyze scrap, mechanical
separators, high pressure  bailers and
briquetting machines for the production of
high density product, and better shredders
that would improve the separation of
separating ferrous metal from nonferrous and
nonmetallic components.

PRICES

The composite price, in U.S. dollars per
long ton delivered, for No. 1 heavy melting
steel scrap, as quoted by the American Metal
Market, decreased from $80.00 in January
1985 to $71.50 in December 1985. Prices
increased in 1986 with the highest price of
$76.20 in August 1986. The price was flat
for the last quarter and was $75.80 at the
end of 1986.

The price index for ferrous scrap
(1971 = 100) published by Statistics Canada
Catalogue 62-001 was changed from the base
year 1971 to 1981 and the number of classes
of scrap reduced to a single composite "Iron
& Steel Scrap”.



Ferrous Scrap

TABLE 1. CANADA, IMPORTS OF STEEL SCRAP, BY PROVINCE OF ENTRY, 1984-86

Nova Scotia

New Brunswick

Quebec

Ontario

Manitoba

Saskatchewan

Alberta

British Columbia

Total

tonnes

$000

tonnes
$000

tonnes
$000

tonnes

$000

tonnes
$000

tonnes
$000

tonnes
$000

tonnes
$000

tonnes
$000

1984 1985 1986P
World U.S. World U.S. World U.S.
- - - - 38 38
- - - - 9.7 9.7
5 5 109 109 65 65
374 374 19 19 6.8 6.8
28 216 28 199 27 548 27 368 31 770 31 757
5,846 5,843 2,897 2,727 3,521 3,519
430 038 429 980 402 019 402 015 274 054 273 988
41,697 41,673 38,691 38,691 28,458 28,374
44 998 44 998 41 886 41 886 21 568 21 568
4,135 4,135 3,420 3,420 1,420 1,420
185 759 185 759 83 1785 83 785 42 006 42 006
15,798 15,798 6,888 6,888 3,620 3,620
40 868 40 868 19 919 19 919 19 939 1 875
4,212 4,210 1,830 1,830 19 939 1,875
2 186 2 186 2 413 2 413 5 369 5 369
995 495 265 265 446 446
732 084 731 996 577 678 577 499 394 809 394 7131
72,684 72,655 54,010 53,841 39,356 39,270

Source: Statistics Canada.

P Preliminary;

- Nil.



TABLE 2. CANADA, EXPORTS OF STEEL SCRAP, BY PROVINCE OF LADING, 1984-86

Newfoundland

Nova Scotia

Prince Edward

Island

New Brunswick

Quebec

Ontario

Manitoba

Saskatchewan

Alberta

British Columbia

Yukon

Total

tonnes
$000

tonnes
$000

tonnes
$000

tonnes
$000

tonnes
$000

tonnes

$000

tonnes
$000

tonnes
$000

tonnes
$000

tonnes
$000

tonnes

$000

tonnes
$000

1984 , 1985 ~ 1986P
World U.S. World U.S. World U.S.
- - 3 827 - - -

- - 553 - - -
- - 32 695 8 147 1 575 1563
- - 4,112 1,222 247 244
- - - - 104 104
- - - - 15 15
221 171 2 811 2 811 10 669 2 883
49 46 388 388 1,472 361
199 055 15 914 245 469 17 491 176 250 25 922
20,121 2,029 29,778 2,068 15,132 3,239
376 182 348 002 414 688 373 167 521 554 466 004
34,288 30,994 38,149 32,421 49,025 42,984
1171 1171 991 991 5 248 5 248
205 205 93 93 813 813
- - - - 86 26
- - - - 86 26
832 832 583 170 299 168
90 90 193 24 100 63
140 012 139 657 108 746 101 795 8 133 77 259
14,485 14,399 10,886 9,842 10,886 93,792
- - 230 230 1 429 127
- - 41 41 143 7
717 455 505 746 810 040 504 802 811 007 579 279
69,237 47,763 84,193 46,100 77,860 55,864

Source: Statistics Canada.

P Preliminary;
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- Nil.



Ferrous Scrap

TABLE 3. CANADA, EXPORTS OF STAINLESS STEEL SCRAP, BY PROVINCE OF LADING,
1984-86

1984 1985 1986P
World U.S. World U.S. World U.S.
Newfoundland tonnes - - - - - -
$000 - - - - - -
Nova Scotia tonnes 100 20 74 - 211 -
$000 80 13 67 - 236 -
New Brunswick tonnés 332 23 120 - 115 27
$000 337 23 105 - 167 79
Quebec tonnes 3 221 767 4 301 1 507 3 601 2 004
$000 2,906 710 3,725 1,294 2,769 1,302
Ontario tonnes 17 364 6 240 21 850 16 775 20 594 7 103
$000 15,914 4,208 94,973 6,479 17,456 4,948
Manitoba tonnes 182 166 352 205 225 169
$000 100 87 263 130 225 169
Saskatchewan tonnes - - - - 4 8
$000 - - - - 4 8
Alberta tonnes 46 46 2 - 140 163
$000 28 28 60 - 146 171
British Columbia tonnes 1 548 591 1 520 368 477 287
$000 1,068 233 1,194 143 2,159 1,583
Total tonnes 22 793 7 854 28 218 11 577 27 104 10 026
$000 20,433 5,302 22,190 8,046 22,534 6,934

Source: Statistics Canada.
P Preliminary; - Nil.
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TABLE 4.

CANADIAN CONSUMPTION OF IRON AND STEEL SCRAP

1976 1977 1978 1979 1980 1981 1982 1983 1984F  1985F 1986P
(000 tonnes)
Used in steel
furnaces 5658 5708 7076 7250 7501 6845 5 4922 6 449 383 7039 6 950
Used in iron
foundries 550 524 518 604 470 500 448 416 500 500 .o
Otherl 824 938 865 868 770 926 837 475 500 550 .
Total 7 032 7 170 8 459 8 722 8 741 8 271 6 7177 7 337 400 8 000 6 950
Sources: 1982 Annual Census of Manufactures. 1983 and 1984 Catalogue 41-001 Primary Iron and
Steel.
! Includes mainly steel pipe mills, motor vehicle parts, and railway rolling stock industries. 2 The
number from Catalogue 41-001 was 4 619 or within 2.3 per cent.
P Preliminary; ¥ Revised; .. Not available.
TABLE 5. AUTOMOBILE SHREDDERS IN CANADA
Company Location Capacity
(tonnes/month)
Intermetco Limited Hamilton, Ontario 8 000
United Steel and Metal,
division of USACO Limited Hamilton, Ontario 5 000
Bakermet Inc. Ottawa, Ontario 8 000
Industrial Metal, a division of
Co-Steel Inc. Toronto, Ontario 10 000
Zalev Brothers Limited Windsor, Ontario 8 000
Sidbec-Feruni inc. Contrecoeur, Quebec 8 300
Fers et Métaux Recyclés Ltée Longueuil, Quebec 4 000
Laprairie, Quebec 4 000
Associated Steel Industries Ltd. Montreal, Quebec 8 000
Native Auto Shredders Regina, Saskatchewan 6 000
Cyclomet Moncton, New Brunswick 4 000
Navajo Metals, division of General
Scrap and Shredder Ltd. Calgary, Alberta 3 000
Stelco Inc. Edmonton, Alberta 8 000
Richmond Steel Recycling Limited Richmond, British Columbia 5 800
General Scrap & Car Shredder Ltd. Winnipeg, Manitoba 3 000
Total 85 100

26.8



Gallium and Germanium

M. GAUVIN AND J. BIGAUSKAS

The minor metals gallium and germanium
generally have been recovered as by-
products from bauxite {(most gallium) and
zinc, lead and copper ores {most
germanium). Coal is also known to contain
small quantities of germanium while iron ore
may contain some gallium. The U.S.S.R. is
believed to recover the metal from flue dusts
produced by coal-burning plants. The
opening of a gallium/germanium operation in
the United States in 1986 represents the
first mine facility which produces these
elements as its major products. Some gallium
is recovered from scrap, but germanium is
recycled widely as new electronic scrap.
Zone refining techniques for high-purity
metals were originally developed for purifi-
cation of germanium metal but now are used
for many specialized metals  including
gallium. Electronic and optical-electronic
uses account for over 90 per cent of the
consumption of these metals or their

compounds.
Gallium - a liquid metal at room
temperature - can be combined with

phosphorus, antimony or arsenic to form
compounds with semi-conductor properties.
Germanium is commercially available in
tetrachloride, oxide, zone-refined (intrinsic)
ingot, single crystal, doped semi-conductor
and optic blank forms.

World gallium consumption is variously
estimated at 40-60 tpy whereas germanium
consumption is likely under 80 tpy. World
primary production of gallium is estimated by
the U.S. Bureau of Mines at about 30 tpy
whereas total refinery production of
germanium is about 80 tpy. Recycling of
electronic and other scrap 1is particularly
important to the germanium industry.

CANADIAN DEVELOPMENTS

Cominco Ltd. recovers germanium as a
by-product from its Trail, British Columbia
zinc smelter and refines both germanium and
gallium to high-purity levels at its electronic
materials operation at Trail, British
Columbia. Cominco also has the potential to

recover by-product gallium at Trail but
presently acquires gallium raw materials from
outside sources. Cominco also fabricates
germanium and gallium arsenide semi-conduc—
ting materials at Trail, British Columbia.

Alcan Aluminium Limited operates
high-purity gallium refining operations in
Kingston, Ontario and Rorschach,
Switzerland. The latter plant was purchased

in 1985. The company announced plans to
begin reclamation of gallium from scrap at
Kingston in February 1987. Alcan also
announced plans to build a new plant to
extract gallium at its alumina-aluminum
smelting complex in Jonquiére, Quebec, by
the end of 1987. Epitaxial gallium-arsenide
wafers are produced in Phoenix, Arizona.

Some gallium is contained in feldspars
at the Thor Lake, Northwest Territories
beryllium-yttrium-rare earth deposit of
Highwood Resources Ltd. and Hecla Mining
Company of Canada Ltd. In September, the
two companies formed a jpint venture and
agreed to undertake a feasibility study for
the development of the beryllium and yttrium
resources of the property.

Minor amounts of gallium are also found
in mica  minerals at Tantalum Mining
Corporation of Canada Limited's (TANCO)
Bernic Lake, Manitoba lithium=~tantalum-rare
metal deposit. TANCO produced tantalite
ore from 1969 to 1982. The operation was
closed due to the poor market for tantalite.
The concentrator was modified in 1984, and
production of ceramic-grade spodumene, a
lithium mineral, began. Gallium, which
replaces aluminum in certain micas, is not
currently being recovered.

Germanium is also present in a number
of zinc ores in Canada at levels averaging
from 150 ppm to 250 ppm.

WORLD DEVELOPMENTS
Musto Explorations Limited, Vancouver,

through its 100 per cent-owned St. George
Mining Corporation in Utah, recovers gallium

M. Gauvin and J. Bigauskas are with the Mineral Policy Sector,
Energy, Mines and Resources Canada. Telephone (613) 995-9466. 28.1



metal and germanium dioxide, as well as
copper, silver and zinc in various products
from secondary ores associated with a former
copper mine - the Apex mine at St. George,
Utah. Gallium capacity is 10 tpy and
germanium capacity is 17.9 tpy contained in
germanium dioxide. First deliveries of high
purity pgallium metal and germanium dioxide
were made in April and August 1986,
respectively. Metallurgical development work
continued throughout 1986.

Production of gallium at other U.S.
plants is relatively small. Annual domestic
consumption on the other hand is estimated
at 12 to 13 t. Thus, most demand has been
met by imports from Switzerland, the Federal
Republic of Germany and France. The
germanium industry is larger and consists of
four germanium refineries and, including the
Utah operation, two extraction plants.
Refinery production has been about 20 tpy
in recent years according to the U.S.
Bureau of Mines. Annual consumption is
estimated at about 35 t. Imports from
Belgium, the United Kingdom, France and
West Germany provide a large part of U.S.
demand.

In western Europe, major producers of
refined gallium are Switzerland, West
Germany  and France. Germanium is
produced in various forms by Austria,
Belgium, France, the United Kingdom and
West Germany. Estimated European
consumption of gallium is 2 to 3 tpy.
Germanium consumption is probably less than
30 tpy.

Bleiberger Bergwerks Union AG of
Austria produces about 5 tpy of germanium
in a fume-derived cake at its Gaillitz,
Arnoldstein zinc and lead metallurgical
works. The cake is exported for further
processing.

Metallurgie Hoboken-Overpelt SA
produces germanium metal in Belgium (annual
capacity 64 t) from zinc plant residues and
scrap. High-purity germanium production at
the company's Olen works will increase with
an expansion which is under way.

Rhdne-Poulenc SA in France is a major
producer of gallium with a capacity of some
20 tpy. The company announced that it will
build, among other projects, a wholly-owned
gallium extraction plant at Pinjarra, Western
Australia to extract gallium from alumina
refinery liquors from Alcoa of Australia
Ltd. The gallium extraction facility will be
operational in 1988 and is expected by the
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company to double world output of the metal.
The company also announced in late-1986
that it would open a new gallium refinery at
Freeport, Texas. Capacity is expected to be
greater than current world consumption.

Société miniére et métallurgique de
Peharroya S.A. of France produces
germanium dioxide and germanium metal from
by-products at its refinery at Noyelles-
Godault and from materials produced by a
subsidiary zinc plant in Italy. Zinc concen-
trates from the Malines mine in France are
known to contain elevated germanium levels.
Some gallium metal is also produced.

In West Germany, Ingal International
Gallium GmbH produces gallium metal and
oxide (annual capacity, 12 t) as well as
gallium compounds. Ingal is owned equally
by Billiton B.V. and Vereinigte Aluminium-
Werke AG (VAW) of West Germany. The
company is expanding its Schwandorf, West
Germany, gallium refinery by 50 per cent.
The first phase will be completed in early-
1987. Feasibility studies also are under way
for a new gallium extraction plant to replace
the existing plant at Liinen by late-1988.
The VAW alumina refinery which supplies
Bayer liquor - the feed stock - will be
closed at that time. Otavi Minen AG pro-
duces germanium dioxide and metal f{rom
copper refinery and zinc plant residues at
its Neu-Isenburg, West Germany, rare metals
plant. Preussag AG Metall produces or
markets refined gallium and germanium from
a variety of feeds including metallurgical
by-products and gallium-bearing scrap at
its Langelsheim, West Germany, plant.

In the United Kingdom, Mining and
Chemical Products Ltd. (MCP) and its
associated MCP Electronic Materials Ltd.
extract and refine gallium metal and produce
chemical compounds and  semi-conductor
compounds at Wembley, Middlesex  and
Workingham, Berkshire.

Elkem A/S in Norway announced plans to
build a 5 tpy gallium extraction plant at
Bremanger Smelteverke in Norway. The
plant will cost Nkr 14 million and could begin
production in early-1987.

Ziar Aluminum Works in Czechoslovakia
and Hungarian Aluminum Corp. (Hungalu) in
Hungary produce gallium metal from
Hungarian bauxite ores in central Slovakia,
Czechoslovakia and Ajka, Hungary, respec-
tively. Ziar's output is believed to be about
3 tpy. Hungalu plans to double gallium
metal output from its present 3.5 to 4 tpy



by building a new $US 2.2 million cementa-
tion plant. The plant will replace the
present mercury cathode (de la Breteque)
electrolytic process. By 1988, Hungalu
plans to produce 8 tpy of gallium metal from
the 1.3 million t of bauxite it processes.
Nearly all of this output is exported to
markets in Japan, United States, United
Kingdom, the Netherlands and France.

In Africa, La Générale des Carriéres et
des Mines du Zaire (Gécamines) produces
copper-germanium concentrates at its Kipushi
mine. Germanium is contained in the mineral
renierite. The Tsumeb lead-copper-zinc-
silver district in Namibia is known for the
germanium content of its ores. Germanium
there is contained in the minerals germanite
and renierite.

Japanese consumption of gallium is
estimated at 30 to 40 tpy while production
is about 30 tpy. Consumption of germanium
is estimated at wunder 7 tpy. Sumitomo
Chemical Co. Ltd. is the largest producer of
refined gallium metal. Raw materials are
believed to come from associated alumina
operations, from scrap and from imports.
Dowa Mining Co., Ltd. produces gallium
metal at its metallurgical operations in Akita
prefecture. Dowa commissioned a new
$US 3.2 million rare metal recovery plant in
August 1986 to produce some 7 tpy of
gallium from primary materials and 2 tpy
from scrap reprocessing. Germanium also is
produced. Mitsubishi Metal Corporation
makes some 900 kg of gallium metal annually
at its 1.2 tpy capacity plant at Ohmiya City,
Saitama prefecture. Gallium arsenide (or
gallium phosphide) semi-conducting
compounds are also produced by Mitsubishi
Metal Corporation, Sumitomo Electric
Industries and a number of other companies
in Japan.

The People's Republic of China was
reported to have produced some 7 t of
gallium in 1985. Japan and China agreed in
early-1987 to  cooperate in  developing
technology to extract gallium from iron ore.
The project is expected to last for five years
and will focus on deposits located in Sichuan
province. Germanium is contained in certain
lead-zinc deposits in China.

USES

Over 90 per cent of gallium consumption in
the United States is in the form of gallium
arsenide or gallium phosphide compounds for
use in electronic semiconductors, light
emitting diodes and lasers. Gallium-arsenide

Gallium and Germanium

semi-conductors offer much faster perform-
ance than silicon-based ones, consume less
power, and provide higher resistance to
radiation in military and space applications.
The major end uses for germanium in the
United States are infrared optical systems
(60 per cent), fiber optic systems (15 per
cent), detectors (10 per cent) and semi-
conductors (5 per cent). Miscellaneous
categories include catalysts, phosphors,
metallurgy and chemotherapy.

STOCKS

The U.S. General Services Administration
(GSA) has a stockpile goal of 30 t of
germanium. The agency issued Basic
Ordering Agreements in December 1986 as a
first step in the purchasing process. The
GSA expects to fulfill the goal within a year,
depending on availability. It does not have
a stockpile goal for gallium.

The Japanese government reaffirmed its
intention to build and maintain a 60-day
supply of rare and strategic metals by March
1988. The goal for the gallium stock is
not known however.

PRICES

Prices for germanium and gallium vary
greatly with the purity of material offered.
In 1986 the list price for gallium remained at
$US 525 per kg, unchanged from 1985.
Germanium metal and dioxide prices were
listed at $US 660 and $1,060 per kg, respec-
tively, also unchanged from 1985. Signifi-
cant discounting from all of these prices
occurred during 1985 and 1986. For example,
the price of electronic grade gallium ranged
from about $US 500 to $US 600 in 1986.
Penarroya changed the basis for germanium
prices and now quotes an ECU price rather
than a French franc price. On July 1, the
germanium metal price was 975 ECU/kg
f.o.b. Paris airport and the germanium oxide
price was 500 ECU/kg.

OUTLOOK

Demand will depend on relatively new techno-
logical uses and developments. Estimates of
the annual growth in world consumption are
relatively high at 15-25 per cent for gallium
and 7 per cent for germanium. Neverthe-
less, underutilized existing capacity and new
plant capacity could likely meet much of this
growth in the medium-term. The scale of
plant developments in relation to market size
suggests that price instability could be a
continuing feature of both markets.



TARIFFS

Most
British Favoured General
Item No. Preferential Nation General Preferential
(%)

CANADA

35101-1 Metals, n.o.p., not including

alloys in lumps, powders,

ingots or blocks free 4.1 25 free
35112-1 Gallium metal, gallium scrap,

oxides of gallium, gallium

arsenide, gallium phosphide,

gallium arsenide phosphide

and gallium aluminum arsenide,

for the remelting, refining

or recovery of the gallium

content

(expires June 30, 1987) free free 25 free
71100-1 All goods not enumerated in this

schedule as subject to any

other rate of duty, and not

otherwise declared free of

duty, and not being goods the

importation whereof is by law

prohibited 11.1 11.1 25 7
MFN Reductions under GATT 1986 1987
(effective Jan