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Ref: 1Island Copper File

DAY 2: TISLAND COPPER
s
J.A. Fleming

Utah Mines Ltd.

INTRODUCTION

Location
\
The Island Copper Mine, controlled and operdted by Utah Mines Ltd., is
on the north shore of Rupert Inlet (50 36'N, 127° 277 W), about 16 km South
of Port Hardy, on northern Vancouver Island. The property consists of 245

contiguous claims and seven mineral leases extending 18 km east from Quatse
Lake (Fig. 1).

History

In January 1966, Utah Mines Ltd. (then Utah Construction and Mining Co.)
optioned a group of claims from Gordon Milbourne, a prospector, who had dis~
covered high grade chalcopyrite in volcanic rocks immediately southwest of
Bay (also called Frances) Lake. The ensuing exploration program consisted
of geological mapping, ground magnetic and IP surveying, soil geochemistry
and diamond drilling. In February 1967, hole number 82, drilled within a
soil copper anomaly over the present pit, intersected minevalization grading
0.45 per cent copper over 88 m. By May 1969 more than 35,500 m of drilling
had been completed in 128 holes, defining a 257 million tenne orebody that
graded 0.52 per cent copper and 0.0l7 per cent molybdenum (Young and Rugg,
1971). The ore would be mined from an oval-shaped pit that would be ultim~
ately about 2300 m long, 1050 m wide and 500 m deep, and extend almost 380 m
below sea level, with an overall stripping ratio of 2.23 to 1.

The first shipment of copper concentrate was made in December 1971, less
than five years after the option agreement was signed. Production to the
end of 1982 has been approximately 135 million tonnes of ore and 395 million
tonnes of waste rock and overburden. The present daily mine production is
about 105,000 tonnes of waste rock and 40,000 tonnes of ore from which is
produced 650 tonnes of copper concentrate grading 23 per cent copper, 6 ppm
gold and 50 ppm silver. In addition, about 10 tonnes of molybdenum concen-
trate are produced daily grading 45 per cent molybdenum and containing 1100 to
1200 ppm rhenium.
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The following is a summary of data compiled to date on Island

Copper Mines at Port Hardy, Vancouver Island.

1.0

2.0

History and Ownership

The property was originally staked in 1965 by prospector,
Gordon Milbourne, based on widespread occurrences of copper
mineralization in the area and his discovery of some high grade

‘copper float. Early in 1966 a formal agreement was signed between

Milbourne and Utah Construction & Mining Co. In July 1969 Utah
announced that they had an orebody of some 280,000,000 tons grading

0.52% Cu and 0.029% molybdenite and a production date of early 1982.

Ultimately, Utah Construction & Mining Co. became Utah Mines Ltd.,
a subsidiary of Utah International of San Francisco. In 1978 (?)
Utah International merged with General Electric to become a wholly-

. owned subsidiary of that firm.

Production

Production commenced in December 1971 and reached the initial
design capacity of 33,000 st/day in 1973. Since then production
has gradually increased to the current rate of 46,000 tpd (1982).
Published, detailed production stats are scanty and no financial
details re recent operations have been obtained yet. What has been
obtained is summarized below:

1982 1981 1980 1979

Tons milled ( x 1000) 16,857 155665 155182 14,705
Daily miili ng rate

(365 daf)yr.) 46,184 42,753 41,622 40,288
Average ¢éecovery 85.5 85.4 852 87.5
Lbs. Cu s»ld (x 1000)* 118,807 175012 110,305 110,309
Calc. head grade, % Cu¥** 0.412 0.439 0.426 0.429
Average price/lb. Cu

Cu $0.66 $0.78 $0.98 $0.93

Byprodwcts 0.29 0.39 0.65 0.43

*  about the same as production
*% % Cu = (Ilbs. Cu sold)/(annual tonnage) x 20 x avg. recovery
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2.2 Ore Reserves

000
July 1969 280,000 tons at 0.52% Cu and 0.029% molybdenite
(Note: % Mo = 0.6 x % molybdenite)

0
December 1982 156,00QLtons at 0.487% Cu plus Au, Ag, Mo
and Re byproducts

(1980/81 molybdenite reserve grade 0.025% molybdenite)

approximately 227% of Cu reserves are committed to
long term contracts

Note: The calculated head grades in 2.1 do not correlate well
with the reported reserve grade for the end of 1982. This
could be if, for instance, the reported "average recovery"
represented the average of the Cu and Mo recoveries as
opposed to the average Cu recovery only.

2.3 Concentrate Production (1981)

Approximately 235,000 sdt of 237 copper concentrate; moisture
content~8-834%; P.M. content~0.25 oz/st Au and 1.2 oz/st Ag.

Approximately 3,370 sdt of 40% Mo concentrate with 1,000-1,200
ppn rhenium.

3.0 Technical Comments

3.1 Mine

(1) Large tonnage open pit operation. 1981 production rate was
160,000 st/d of which 41,000 (?) tons are milled. 1981
stripping ratio 2.9/1.

(2) Ultimate pit dimensions approximately 8000' x 4000' x 1200'
deep. Net climb to crusher (1981) 600'.

(3) Based on 1982 year end reserves, mine life at 1982 annual
production rate is 9.25 years.




(5)

(6)

(7)
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Area receives~~70 in./yr. rain making road and dump maintenance
costly. Pit pump capacity (1981) was 15,000 gpm. Bound to
increase with increasing depth.

Increasing pit depth is presenting serious truck haulage
problems (personal communication with Island Copper staff

in 1982). The currently installed electric wheel drive

motors tend to be overloaded as the loaded haul cycle

becomes longer with the deepening pit. This results in
premature wheel motor failure leading to very high maintenance
costs and lost production.

Several solutions are available but all are capital intensive.

- Convert older trucks to a "deep pit" electric wheel
motor configuration; estimated cost $300-$500,000 per
truck,

= Replace older trucks with new, correctly outfitted trucks,
estimated cost $1,000,000 each.

- Install in-pit.crushing and conveying; no estimated cost
but is expensive.*

- Install truck trolley-assist system; no estimated cost
but is expensive.*

* The relatively short remaining life would tend to rule
against these options.

It would appear that the mine is re-equipping with 170 ton
trucks as the 120 ton versions are replaced. Further they
have changed from Unit Rig trucks to Euclids. The Euclid
trucks likely are adequate for deep mining but the Unlt Rigs
may not be.

Mining costs will increase with increasing pit depth (haulage
costs, pumping costs and explosive costs as more water is
encountered).

Remaining stripping ratio is unknown. The increase in 1982
milling production is due to an incremental plant expansion.
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(8) Potential for additional reserves unknown although it is
highly likely that the known reserves and hence known mine
life are well defined.

Mill

(1) 1982 Production rate aQetaged 46,184 tpd.

(2) Ore is crushed; primary ground in SAG mills; and reground
in ball mills. A bulk Cu-moly concentrate is produced from
which two separate Cu and moly concentrates are made.

(3) Variability in grinding between ore types is a problem and
mill feed, to some degree, is dependent on the types'
grindability indexes.

(4) The grinding circuit is monitored automatically and a
significant proportion of the increases in tonnage are due
to on—-going optimization of this circuit.

(5) On stream X~ray analyzing is installed in the Cu-Mo flotation
circuit. It is not known to what degree the flotation circuit
is automatically controlled.

(6) Tailings are deposited underwater in Rupert Inlet. Government,
company and an "arm's length" scientific group monitor the
Inlet and system for environmental concerns etc. Some concerns
were expressed in 1977/78 through an EPS study but it is
believed they have been resolved now.

References

Island Copper Deposit (geology and mineralization), Young, M.J.
and Rugg, E.S., Western Miner, February 1981.

Island Copper Mine (description of operation), Western Miner,
December 1974.

Report on Pollution Findings (comments re EPS report), Northern
Miner, January 26, 1978.

Utah Mines Ltd. (brief update on operation), EMJ, November 1987.

General Electric Company 1982.Annual Report, page 45 for production
. stats. 1981 report shows same figures and
format, i.e. back to 1979 omly.
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The only data we have been able to obtain so far are the operating
statistics for 1981 which are attached. The financial results are
buried in Utah's corporate reports and even people I know who worked for
Utah have no specific knowledge of such information. The government
agencies collecting taxes must of course have the required information
but it is mot for public consumption.

Even the 1982 operating statistics are unavailable at present.

Please let me know if you want me to make more direct inquiries.

R. A. Dujardin

Enclosure
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Contact: W. P. Wilson, Statistician, Economics and Planning Division

Phone 387-3787 (Victoria)

1981 Statistics re production are as follows:

Tonnage milled - 14,156,617 metric tonnes

Concentrate actually shipped - 232,652 metric tonnes copper concentrate

Contents:

Molybdenite - 3,091 metric tonnes Molybedenum - 1,266,788 Kg.

Rhenium - statistics confidential

Gross Metal Content -

Gold - 1,658,562 gr.
Silver - 13,113,910 gr.
Copper - 53,075,826 kg.
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Supplementary data

(Unaudited)

Effect of changing prices
Inaccordance with Financial Accounting Standards Board re-
quirements, the table at the right shows two different ways of
attempting to remove inflationary impacts from financial results
as traditionally reported.

In both “‘adjusted for’’ columns, restatements are made to
(1) cost of goods sold for the current cost of replacing invento-
ries, and (2) depreciation for the current cost of plant and
equipment. The column headed *‘general inflation’’ uses only the
Consumer Price Index to calculate the restatement, while the
column headed ‘‘current costs’’ uses data more specifically
representative of costs incurred by General Electric. ‘

Restatements to cost of goods sold recognize the effect of some
reduction in LIFO-valued inventories during 1982, which
charged cost of goods sold in traditional statements for cost levels
applicable to prior years. Restatements of depreciation expense
to current levels are relatively large, refiecting the cumulative
effect of price increases since the assets were acquired.

The five-year summary on page 46 includes additional se-
lected financial data adjusted for the effect of changing prices.

GE Annual Reports for 1979 and 1980 included technical
information about methodology used by GE in preparing these

data. Copies of those Reports may be obtained from Investor
Relations at the address shown on page 55.

Forthe yearended December 31, 1982

Adjusted for (a)
As general current

(In millions) reported inflation costs
Sales of products and services to

customers $26,500 $26,500 $26,500
Costof goods sold 18,605 18,891 18,852
Selling, general and administrative

expense 4,506 4,506 4,506
Depreciation, depletionand

amortization 984 1,456 1,382
Operating costs 24,095 24,853 24,740
Operating margin 2,405 1,647 1,760
Otherincome 692 692 692
Interest and other financial charges (344) (344) (344)
Earnings before income taxes 2,753 1,995 2,108
Provision for income taxes (900) (900) (900)
Minority interest (36) 29) (29)
Net earnings $ 1,817 $ 1,066 $ 1,179
Earnings per share (in dollars) $ 8.00 $ 4.70 $ 5.19
Share owners’ equity at December 31 $10,198 $15,071 $14,888
(a) Indollars of average 1982 purchasing power.
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Mineralresource statistics

Statistical data about the principal mineral assets of Utah Inter-
national follow.

Coal
(Quantities in millions) 1982 1981 1980 1979
Coking coal (a)
Metric tons shipped (b) 13.5 16.0 13.1 13.8
Average price/metric ton (c) $57.88  $55.22  $51.09  $48.39
Steam coal
Tons shipped (b) 15.2 13.7 10.5 8.8
Average price/ton $16.47 $13.83 §7.82 -$ 7.09

(a) Represents Utah’s share from five principal mines it operates in Queensland
through an affiliate. Utah'’s share is 89% of one mine and 68% of the others.

(b) About the same as production.

(c) Represents average prices published by an agency of the Australian
government for Queensland production, including Utah-operated mines.

Coking coal is mined by a Utah affiliate, Utah Development
Company, under long-term, renewable Special Coal Mining
Leases granted by the state of Queensland, Australia. At De-
cember 31, 1982, Utah’s share of export entitlements under
Special Coal Mining Leases granted by Queensland amounted
to 385 million metric tons. Proven reserve quantities in the
leased areas were in excess of the entitlements. About 12% of
presently available reserves are committed under long-term
sales contracts.

Total proven steam coal reserves where operations or active
development plans are under way aggregated about 1.6 billion
tons at the end of 1982. About 25% of these reserves are
currently committed under long-term sales contracts. In addi-
tion, at the end of 1982, Utah had other proven steam coal '
reserves of about 2.1 billion tons.

LRSS el e e S R R

The only significant changes in steam coal reserves in recent
years were the acquisitions in 1980 of reserves aggregating
about 470 million tons in the U.S.

island Copper Mine
(Quantities in thousands) 1982 1981 1980 1979
Ore milled (tons) 16,857 15,605 15,192 14,705
Average percent recovery 855% 85.4% 85.2% 87.5%
Pounds of copper

—sold (a) 118,807 117,012 110,305 110,309
Average price per pound of copper ;

—copper $0.66 $0.78 $0.98 $0.93

—byproducts 0.29 0.39 0.65 0.43

(a) About the same as production.

At 1982 year end, proved or probable reserves at Island
Copper Mine in British Columbia were approximately 156 mil-
lion tons of ore with a grade of approximately 0.48% copper.
These reserves also include gold, silver, molybdenum and
rhenium as byproducts. About 22% of copper reserves are cur-
rently committed under long-term contracts. There have been
no significant changes in Island Copper reserve estimates in
recent years other than for the effect of production.
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Nd‘tﬂégt"{i‘iﬁéncial statements

1. Planned sale of certam mmeral resource assets

On January 27, 1983, General Electric Company and The
Broken Hill Proprietary Company Limited (BHP) signed a
memorandum of intention whereby BHP, an Australian-owned
and -based industrial and natural resources company, would
acquire Utah International Inc. and Utah-Marcona Corporation
from GE for approximately $2.4 billion in cash. BHP expects
to form a consortium to participate in ownership of the Austra-
lian coal properties included in the acquisition.

Under the terms of the proposed sale, GE would retain Ladd
Petroleum Corp., a wholly owned subsidiary of Utah, as well
as Utah S ﬁnanc1a1 interests in the Pathfinder yraniupg mines in

Wyoming, ' the Trapper steam coal mine -.in Colorado, and cer-
tain land-development properties in the U. S. .

Completion of the transaction is subject to a number of
conditions, including negotiation of a definitive agreement,
approvals by the GE and BHP Boards of Directors, completion
of consortium and financing arrangements by BHP, and requi-
site government approvals. GE and BHP expect to complete
the transaction in the latter half of 1983.

Sales, net earnings and total assets for the businesses to be
sold are shown below.

(In millions) 1982 1981 1980
For the year:

Sales $1,311 $1,466 $1,190

Net earnings 247 207 208
At December 31: .

Total assets 1,838 1,823 1,656

| DRI e AR Y
2. Operatmg costs
The classification of operating costs between cost of goods
sold and selling, general and administrative expense was re-
fined in 1982 in view of the increasing volume of services
businesses and after extensive review of functional expenses
incurred in providing these services. Accordingly, prior year
amounts have been reclassified to a consistent basis by increas-
ing cost of goods sold and reducing selling, general and ad-
ministrative expenses for 1981 and 1980 by $531 million and
$420 million, respectively.

Operating cost details
(In millions) 1982 1981 1980
Employee compensation,

including benefits $10,296  $10,208 $ 9,196
Materials, supplies, services

and other costs 12,079 13,475 12,696
Depreciation, depletion and

amortization 984 882 707
Taxes, except Social Security

and those on income 304 346 299
Decrease (increase) in

inventories during the year 432 (118) (182)
Total operating costs $24,095 $24,793 $22,716
Supplemental details:
Maintenance and repairs $822 $897 $784
Company-funded research and

development 781 814 760
Social Security taxes 565 567 484

- Advertising 353 331 315

Mineral royalties and export

duties 92 105 80

3 Pensmns

Total pension costs of General Electric and consolidated affil-
iates were $570 million in 1982, $549 million in 1981 and
$478 million in 1980. '

General Electric and its affiliates have a number of pension
plans. The most significant of these plans is the General
Electric Pension Plan (the ‘‘Plan’’), in which substantially all
employees in the U.S. are participating. Pension benefits under
the Plan are funded through the General Electric Pension Trust
(the ““Trust’’). The other principal pension plan is the General
Electric Supplementary Pension Plan. These two plans account
for more than 90% of GE pension benefits. Approximately
91,500 persons were receiving benefits at year-end 1982.

For funding and annual cost determination purposes,
changes were made in 1981 in mortality assumptions and,
recognizing the impact of inflation, in projections of pension
benefits and by increasing from 6% to 7Y2% the estimated rate
of future Trust income.

The actuarial present value of accumulated plan benefits for
the General Electric Pension Plan and the Supplementary Pen-
sion Plan, calculated as prescribed by the Financial Accounting
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Next month marks the tenth anniversary of the first ship-
ment of concentrate from Island Copper Mines—a copper-
moiybdenum open pit equipped with a 41,000-st/d concen-
trator at the northern tip of Vancouver Tsland. Located on
the northern shore of Rupert Inlet, a tidewater inlet linked
through narrows with Quatsino Sound and the Pacific
Ocean, Island Copper is a product of the exploration and
mine development boom of the late 1960s and early 1970s.
Last year, this Utah Mines Ltd.* operation produced about
235,000 st of 23% copper concentrate and 3,370 st of 40%
molybdenum concentrate containing up to 1,000-1,200 ppm

rhenium. The copper concentrate typically averages about
0.25 oz/st gold and 1.2 oz/st silver.

With a pit now 440 ft below sea level and scheduled to be
deepened another 600-700 ft, Tsland Copper is numbered
among a growing coterie of world mines searching for
solutions to deep-pit transportation problems. The mine will
be approachin@"fhmcity of the current diesel-
electric truck fleet in two_or three years. Daily mining
schedules now involve the movement of about 160,000 st/d
during three 8-hr shifts—of which 41,000 st/d is trucked to

J%I%;\ primary crusher at the mill and the remainder to
i,Mnarginal-grade ore and waste dumps. A typical mill feed
grade is about 0.48% copper and 0.017% molybdenum,

Among other distinctive characteristics that influence the
operational aspects of Island Copper are such features as:

1) A location within the northern Pacific rainbelt (70 75
in. of precipitation per year);

2) A porphyry orebody composed of several rock types
having differing physical responses to grinding; thus, mine
engineers regularly plot grinding work indexes for planning
purposes;

3) A deposit containing zones having a variable distribu-
tion of gilsonite (a hydrocarbon with flotation characteristics
disturbingly similar to molybdenite) and which need identifi-
cation and mapping, for optimal milling campaigns;

4) A pit operations control tower, under the supervision of
shift foremen and having two radio channels for communica-
tion with all vehicles, as well as the service and maintenance
departments. The radio network also contains a third channel
for mill and crusher communications;

3) A concentrator equipped with six 32 x 14-ft Koppers
(Hardinge Cascade), primary, semiantogenous (SAG) mills,
each driven by two 3,500-hp motors, and three downstream
-secondary ball mills (16.5-ft Allis Chalmers overflow type),
each powered from 3,000-hp motors;

G} A concentrator instrumentation program that has per-
mitted the development of appropriate strategies for fully
automatic computer control of the SAG mills and ongoing
extension of automatic control to the flotation circuits as
adequate sensors and long-term strategies are developed;

7y A 14-cell, on-line OK Courier analyzer for monitoring
the copper, molybdenum, iron, and (inferred) sulphur con-

*Utah Mines Lid. is owned by Utah International, a subsidiary of Generat
Electric Co., which acquired the assets through a merger in 1976. At that
time, the merger was the largest in US corporate history.

destined~for Japan. The. rl)-lolybdcnum preduct s sold in
roughly equal amounts to US and West German outlets.

MINING ORE RND WASTE

The pit design will ultimately occupy an excavation of 8,000
ft (on a NNW axis) x 4,000 ft (ENE) and is scheduled Toa
depth of 1,200 ft. Currunﬂy the bottom is 440 ft below sea
level, a posifion requiring a net climb of 600 {t to the primary
crusher some 160 ft above mean sea level. The haul to the
truck dump spans 1.0-1.5 mi. The orebody was topped by
glacial till only 15 ft thick near the center. This mantle
thickened up to 250 ft to the east and west of the central
zone, necessitating the stripping of till sections up to 250 ft
thick. In rock, the mine is actively worked in 40-ft benches,
which are finished to a double-benched vertical dimension.
The haul roads are planned [ {or maximum 10% grades and
minimum widths of 100 ft. —

As the pit progresses to depth, pumping capacity is
increased and less water gel slurry blasting agents will be
required. Blastholes are driven with five drill rigs—/four
Bucyrus Eric 60R electric and one electric 45R converted
from diesel-electric. The holes are 97/8 in. dia and drilled 8 ft
below grade. The holes arc placed on @ square pattern of 27 x
27 ft. %u k and packaged Anfo have been used in the past in
pumped-out and lined boreholes. Water-based slurries how-
ever are being used increusingly. The powder factor has
recently averaged about 0.43 1b/st broken. A typical produc-
tion blast breaks about 200,000 st.

The property is equipped with six 15-yd? electric Qhovels—
inclusive of three P&H 2100BL machines, two relatively new
191M Marions, and one older P&H 21008 shovel. The truck
fleet includes 14 Unit Rig M120s,. 17 Unit Rig Mark 36s,
and nine Euclid R170s. Precipitation exceeds the evaporation
rate; thus, a large complement of auxiliary cquipment is /
included in the inventory for road patrol, maintenance, and |
other pioneering efforts. Included are one Cat D-8 and nine
D-9 track dozers, three Cat rubber tire dozers, five motor
graders, and one front-end loader.

Support efforts that figure prominently in mine and mill
planning include location and mapping of the hydrocarbon
contours and empirical_grindability indexes. TJeCisions.
regarding the destination of marginal ore—whether to mill it
or stock it in a dump—are sometimes based on the antici-
pated grinding rate. Advance knowledge of mine-run feed
being delivered to the mill assists in defensive circuit manip-
ulations. The mine has 15,000 gal/min of pump capacity
installed in three stages. As to the future, mine studies are
being Taunched to 1nvmt1gat<, the '1ltcrnll|vc~. far mmlng
dr:ve@,nfm E‘Ekh, wnvbyors, and oth\.r op.luns w111 bc
reviewed.

INCREASING THE MILL CAPRTTY

Originally designed for fuliy autogenous grinding at a design
throughput of 33,000 st/d, medifications, largely to the
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grinding circuit, and automatic controls have increased the

© processing capability to the current 41,000 st/d. The crush-

ing plant is csscnlnl!y the same as thc “original design—a
single 54 x 74-in. Allis Chalmers gyratory (sct at 9 in.)
followed by subsequent splitting of the product on Jeffrey
vibrating grizzlies into plus- and minus-4-in. strcams. The
two products sizes are stacked side by side on the surface in
windrowed stockpiles by tripper conveyors. The stockpiles

- provide capacities of 50,000 st live and 500,000 st total.

Each of the six primary SAG mills is fed from its own belt
line, which crosses under both stockpiles. Three drawpoints
with variable-rate {ecders are positioned zbove each of six
feed belts so that onc is under the coarse pile, one is under

‘the fine pile, and one is beneath the junction of the two piles,

reclaiming a mix of coarse and fine feed.

The original grinding plant, designed to be operated in a
semiautogenous mode with up to 11% balls, proved ineffi-
cient without balls, largely because of a shortage of coarse
grinding media.

Remedial measures included conversion of the plant to
semiautogenous grinding starting late in 1971 and installing
three secondary ball mills in 1973, Each pair of primary
SAG mills now operate in partial open circuit with a single
secondary ball, thus dividing the grinding circuit into three
parallel lines. The SAG mills carry a 7/2-8% ball load. aily
charges of 4- and 3-in. balls are added. The large primary
mills have a grate discharge and are equipped with trommels,
making it possible to recycle coarse discharge.

Bulk Cu-Mo flotation takes place in Wcmco-Fagf-rgrcn
circuits, which produce a finished plant tailing. The rougher
concentrate is reground along with scavenger concentrate in
9 x 18-ft Allis Chalmers ball mills in closed circuit with
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cyclone clusters. The cyclone overflow from regrinding is
cleaned and recleaned in Agitair machines to produce a final
bulk concentrate for Cu-Mo separation. The cleaner tailing is
scavenged to recover a froth for the regrind circuits and a
finished plant tailing. Recleaner tailing is recycled to the
cleaners. All final plant tailing streams arc collected at two
375-ft Dorr-Oliver-Long thickeners, which overflow reclaim
water prior to off-shore disposal.

The bulk concentrate averages about 23% copper and 1%
molybdenum. This product is collected in a 100-{t-dia Eimeo
thickener and then travels through aging tanks and attrition-
ing cells to destroy reagents and condition particle surfaces.
The scparation takes place in a roughing circuit followed by
16 stages of cleaner flotation. The tailing of individual
cleaner stages generally is reversed countercurrently to the
flow of molybdenum concentrate. Reagents consumed in the
molybdenum flotation circuit includes up to 20 Ib/st of
sodium hydrosulphide, 0.7 1b/st of sodium cyanide, and 0.1
ib/st of fuel oil, which is added intermittently.

The bulk Cu-Mo circuits are dosed with a typical reagent
suite consisting of 0.01 Ib/st potassium amyl xanthate, 0.1
1b/st Shellfroth D50, and 0.25 1b/st slurried lime to achieve a
pH of 10.0 in the rougher circuit and 11.5 in the cleaner
circuit. Copper concentrate from the moly plant is filtered an
Eimco discs to 13-13.5% moisture and then dried to_8- -8.5%
in rotary kilns. This product is stored uwnder cover w1 a
loadout building having a 35,000-st capacity.

The molybdenum concentrate is filtered, dried, and packed
in drums for shipment.

Glen Andrews is gencral manager of Utah Mines Ltd.’s
Island Copper operaticns. ses
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average price of $123.05, which
'u-‘ms the new profitability for the
ooid mining industry today.

¥ Will there be any rush to develop
new mines as a result of the current
rise? Don’t held your breath, a
survey of industry leaders indicates.

Saskatchewan
rejecis role
against ‘U’ bill

At one stage of last week’s
Toronto meeting of tfederal-
provincial mines” ministers
called to analyze mining industry
problems. it looked as if one
notable development emerging:
from the conference was an
agreement by the provinces to
form a common front of
opposition to the federal
government’s proposed new
Nudear Control and Adminis-
tration Act. 5

Before the  ministerial
conference, provincial deputy
mines’ ministers held their own
meeting from which it was
reported there was a consensus
to designate Saskatchewan as
the province that should lead

the opposition to the plan-
ned federal legislation.

Saskatchewan officials appeared
to confirm the province’s
See Page 1

Cana

By RICHARD J. ROBERTS
Assistant Editor
VANCOUVER — Exploration for gold is'coming back strongly in British
Columbia, which, in the 1930s, had 30 producing gold mines as opposed to

only one (Northair Mines) today.

The search for gold in the province revived in 1973 on the strength of
rising prices for the metal in international markets. But subsequent adverse
legislation of an NDP government and the weakening of world markets

dampened ex plomlinn enthusiasm.

The price is again on the upward path with forecasts of it reaching
$US200 an oz this year. Also, mining legislation has improved with the

return of the Social Credit government.

In addition to the Northair operation, Hecate Gold and Carolin Mines
are conducting underground programs. Mosquito Creek Gold Mining and

- Nu-Energy Devciopnmnt also are engaged in underground work and both

are planning production. Tournigan- Mining Explorations, Consolidated
Cinola Mines and Aquarius Resources plan exploration.

Silver Standard Mines, A, C. Ritchie, president, told The Northern
Miner, is taking a hard look at some of its gold prospects under wraps, and
J. A, Mackey, pru,ldwt Colt Resources, says that company is looking at its

former gold producer near Greenwood with a view to resuming production.

The management of Hecate Gold
is a little excited by the results of
drifting on the Banks Island prop-
erty, 70 miles south of Prince
Rupert, J. E. Millette, president,
said. The underground exploration

is on the Bob zone on ground on-

which the company has an option
from Falconbridge Nickel Mines to
acquire a 60% interest.

Drifting along a length of 105 ft.
averages 1.10 oz. gold and 3.00 oz.
silver per ton across a width of 5.2 ft.
The zone continues strong for
another 30 ft., samples from which
have yet to be assayed.

The high grade material being
opened in the decline is about 850

dian goid producers

get over $C190 per oz.

By S. J. VITUNSKI
Staff Writer

Canadian gold producers are now
receiving record prices for their
product as the prevailing U.S, price
15 translated into devalued
Canadian dollars.

For the fourth week in a row this
year the price of gold has climbed
successively higher. Tuesday’s
morning fixing of 3USI77.10 was

2.20 above the week-earlier high
and §8.95 above the 1977 high of
$168.15 established on Nov. 1T,

Most analysts attribute the
strength in gold to continuing
weakness in the U.S. dollar brought
about by negative interpretations of
President Carter’s State of the
Union and budget messages.

Itis generally felt that his policies
are too expansionary ... and thus
too inflationary. The dollar itself is
undermined b\,f the forecast $60.6

billion budw.lan defticit and the -

continuing bd]'lnk.t.. of payments
deficit whmh ranges from 330
billion upward. That's a lot of red
ink on both sets of books.

On the positive side of the

equation the International

Monetary Funds Group of ten

industrialized countries ... plus
See Page 8

ft. from the portal and at a depth of
approximately 135 ft. below surface.

The development is part of a $1.2 .

million program that started in
August, 1977, Originally, the plan
was to drive the adit at a 15% gra-
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dient for about 1,000 {t. and to carry
out approximately 500 ft. of drift-
ing. In view of the strong mineraliz-
ation unexpectedly encountered.
the company plans to extend the
adit to at least 2,000 ft. and to con-
duct whatever amount of drifting
and raising is necessary. This work,
a six to eight-month task, would
take the adit to about 400 ft. below
surface to the ‘point of the deepest
drill hole intersection which ran
3.00 oz. gold per ton across2.0 ft.

Along with the underground
campaign further surface work, in-
cluding geological mapping and
geophysical surveys, is planned.
There are a number of other zones
to be tested, Mr. Millette said.

Two and three-men crews are
working three shifts a day seven
days a week in the underground ex-
ploration. Equipment for the under-
taking was shipped by barge from
Vancouver to Survey Bay and then
transported over a 7.000 ft. road
built from the bay to the property.

See Page 2

Industry problems “identified”

Mining t
By N. P. COTTER
Staff Writer

The need for improving the fiscal
system governing the mining
industry was agreed upon at a fed-
eral-provincial  mines’ ministers
conference in Toronto last week, ac-
cording to federal Energy, Mines
and Resources Minister Alastair
Gillespie.

“There was general agreement
that some improvements could be
made in the fiscal system (as it af-
fects the mining sector),” he said
following a one-day meeting of
ministers.

The meeting, which was preceded

EPS report called “'subjective”

w

by a one-day conference of deputy
mines” ministers, was described as
part of a “sectoral” group of fed-
eral-provincial meetings on key
areas of the economy. The delibera-
tions of these meetings will be sub-
mitted to a scheduled meeting on
the economy next month between
Prime Minister Pierre Trudeau and
provincial premiers.

Last week's federal-provincial
conference of mines’ ministers held-
out no promise of relief over the
near term for a mining industry that
is badly battered economically in
some sectors.

Indeed, the indicated agreement

Pollution report challenges Utah's findings

VANCOUVER - The report by
the federal government’s Environ-
mental Protecuon Service, Pacific
Region, (EPS) on Island Copper
Mines (Utah Mines). Port Hardy,
B.C., appears to be extremely sub-
jective, declares Clem Pelletier, the
company’s manager of environ-
mental affairs.

The EPS report states that the
mine tailings dumped into Rupert
Inlet have spread 15 kilometres into
Rupert Inlet, ebliterating bottom-

living organisms. crippling fisheries
‘resources and reducing visibility in

the water to less than half a metre. It
said that tailings have moved 10
kilometres up ne.lrhv Holberg Inlet
and are upwelling to affect the shal-
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low, productive regions in both
inlets and into Quatsino Sound.

Darcy Goyette, the auihor of the
report. 1s quoted as saying “at Island
Copper Mines, we feel the situation
is basically out of control™.

Mr. Pelletier, who, as chairman,
standing committee, pollution con-
trol, Mining Association of British
Columbia, has been attending the
recent public hearings in Victoria on
pollution control objectives, said he
has not had the opportunity to study
the report in detail.

On the basis of a quick reading of
the EPS report, however, he said,
two things are apparent.

“The report appears to be ex-
tremely subjective, both in terms of

the methods used to collect data and
in terms of the conclusions reached
from that data. I think it is going to
be very difficult to make any useful
comparison between EPS's data and
the detailed, quantitative data
which our own environmental lab at
the mine, and the independent
agency, have collected over the
years.

“The ... report would appear to
be challenging. primarily, the inde-
pendent monitoring agency which is
comprised of a group of scientists
from the University of B.C. and the
University of Victoria. Our re-
lationship with those scientists is of
an ‘arm’s length’ nature. We have a

See Page 11
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“There is no pioneering spirit in
the North today like there used to

be,” Mr. Byrne laments. “Where
would we acl the men?”
Will there likely be any

significant influx of ‘risk capital’ for
exploration? No. says Arthur W.
White who heads the Dickenson
Group of companies, unless the
regulatory authorities relax their
grip. There is just too much
regimentation, he feels.

There are, however, several large
new gold developments looming
that offer new hope for the industry.
These are being developed without
public financing or fanfare.

Amoco deposit major

What is unquestionably the most
impressive new gold discovery to be
made in this country in years is that
of Amoco Canada Petroleum at
Detour Lake in  remote
Northeastern Ontario. Extensive
underground work carried out over
the past year at a cost approaching
%5 million. has confirmed an
extraordinary tonnage potential —
tens of millions of tons. Too. the

_company feels that grade could be
somewhat better than indicated in
original surface drilling which
showed an average cut value of
0.204 oz. per ton. Now moving into
the feasibility stage, this could well

develop into Canada’s largest gold -

mining operation.

Anothier major development is.

shaping for Northwestern Quebec’s
Bousguet area, where Long Lae
Mineral Exploration has been
quietly carrving out an extensive
and highlv successful exploration
prog oram. Tt has tied up a lot of
ground. Results on the Thompson
Bousquet Gold Mines® property
have been especially pleasing as the
result of which Lac will sink a 1,200-
ft. shaft. Too, it has been highly
successful at the nearby Silverstack

been n.mow:d with negotiations
now under way for plant and
equipment to unwater the old
workings on which over §1 million
has been spent in the past.

Also in Northwestern Quebec,
Vancouver-based Belmoral Mines
has embarked on a $2.5 million
program to bring the B zone at its
Val d’Or area property into
production (shipping to a custom
mill) at the rate of 500 tons daily
(N.M., Jan. 12, 1978). Revenues
from this would then be used to
build a 1,060-ton concentrator to

handle ores from other known zones-

on this property.

In the Kirkland-Larder Lake area
of Ontario, Queenston Gold Mines
has put together a very large

1975). Further drilling is to be
carried out this year, as well as
metallurgical testing of the ore,

Still another gold situation that is
again attracting attention is the
Cullaton Lake project of O'Brien
Energy & Resources 2nid Cons.
Durham Mines & Resources in the
N.W.T. Drilling and underground
work have indicated a deposit
containing some 285,000 tons
with a cut grade of 0.74 oz
(1.13 o0z. uncut). Studies are
currently under way to determine
the feasibility of recovering this gold
by a simple heap-leaching method.
Such an operation would be carried
out only during the short summer
season. One of this country’s largest
mining companies is showing
interest.

Pollution report

Continued from Page 1

financial understanding with the
universities, not with the individual
scientists, and I am not in a position
to speak for them in response to the
EPS report.”

A report by the independent
monitoring agency is contained in
‘the voluminous brief of the Mining
Association of B.C. presented to the
public inquiry into pollution control
objectives for mining, mine-milling
and smelting industries of B.C.

The independent agency report
states that Rupert Iniet is deep
enough that ample room for tailings
solids was available well below the
cuphotic zone. Island Copper has
introduced approximately 80 mil-
lion tons of tailings into Rupert
Inlet 165 ft. below surface.

Prior to submarine disposal of
tailings by the mine, the principal
question was whether the tailings
would remain at the bottom of the
axial-trough in Rupert Inlet.

pendent agenc

Official

"ONTARIO S.C.
Cease Trading Orders
Hiview Gold Mines — order issued
Jan. 20/78.
" Claymac Mines, Crowbridge Copper
Mines — order rescinded Jan. 19/78.

VANCOUVER S.E. AND CURB

Cardero Resources — offering 200,000
sh. on best efforts basis at 40¢ per sh.
minimum 1o Feb, 20/78. Agent: West
Coast Securities,

Gold Cup Resources — 400,000 sh.
sold for net $107,364. Agent: West Coast
Securities.

Alina Int'l Industries — option to
purchase 200,000 sh. at 40¢ per sh. not
exercised by Canarim Investment Corp.

Mabee Minerals — sold 400,000 sh. for
net $69.756. Agent: Canarim Invesument
Corp.

bulletins

Pan Arctic Explorations — sold
150,000 sh. for net $311,506. Agent:
West Coaslt Securities.

Global Enerpgy Corp. — option to
purchase 200,000 sh. at 30¢ per sh. not
exercised by Canarim Investment Corp.

Knobby Lake Mines — sold 150.000 sh.
for nct $43,053. Agent: Continental,
Carlisle. Douglas.

Carolin Mines — secondary offering of
165.333 sh. exercised by Norvan
Management and Fore Management.

Pan Acheron Mires — option on
100,000 sh. at 21¢ per sh. exercised by
Canarim Investment.

Goldbelt Mines — option on 150,000
sh. exercised by Canarim Investment.

Noreo Resourees — offering 175,000
sh. on best efforts basis at 51.10 per sh.
minimum to Mar. 3/78. Agent:
Midland. Doherty.

Canzena Minerzls — 100,000 sh. for

The lron Bay Trust

ROYALTY DISTRIBUTION
NO. 34

NOTICE is hereby given that a
-avalty distribution of thirtean canse

sale for 60 days beginning Jan. 25/78.
MCP Resources — 6.250 sh. for sale
for 60 days beginning Jan, 25/78,
Ni-Cal Developments — 7.000 sh. for
sale for 60 days beginning Jan. 25/78,
Tormex Resources — 50,600 sh.
sale for 60 davs beginning Jan. 24/78,
Rimrack Mining — 35.000 sh. for sale

for

Present data indicate that for the
vast bulk of the tailings this is so. .

Conclusions to date by the inde-
are that no evi-
dence exists of any impact of the
tailings discharge on the various
components of the marine
ecosystem.

J. B. Evans, coordmator of the in-
dependent monitering agency,
pointed out at a press conference
called by the University of British
Columbia (UBC). that originally
the Pollution Control Branch. B.C.,
issued a permit to Utah to operate
on condition that an independent
agency be employed to monitor the
mine effluent conditions.

The Pollution Control Board rec-
ommended to Utah that a panel be
selected from UBC scientists. The
company issued a contract to 12
scientists, who established a moni-
toring program and submitted their
findings regularly to the Pollution
Control Board, not to Utah, The
company pays UBC directly, and
makes no payment to any indi-
vidual.

The records of the B.C. Pollution
Control Branch, according to the
branch’s director, William Ven-
ables, show that Utah Mines has
remained in complete compliance
with the terms of its B.C. permit.

Saskatchewan
Continued from Page 1
opposition role to the federal’

bill.

However, Saskatchewan
Minister of Natural Resources J.
R. Messer subsequently rejected
the suggestion that his province
would lead other provinces in a
common front against the bill.
Mr. Messer acknowledged that
Saskatchewan was opposed to
“certain sections” of the bill, but
did not reject the overall planned
federal legislation.

The new bill, which would
replace the 30-year-old Atomic
Energy Control Act, would split
responsibility for all aspects of

domeciic nuclear snarey nmsse~

H.B. M. &S,
Indusmin Lid,
Infer Mogul pf
Inco Lid.

Iren Bay Tr.
Joutel

Kalser Res.
Kam-Keila
Kerr Add,
Labrader
Liberian lron

Mattagi “A"}
Mcintyre
Newconex H.
Neoranda A}
Northaate
Pato Cens.
Pine Point
Placer Dev.
Preston Mines

Rlo Algem, C.

Rio Algom, pf.
Robin R.L.
Sher.G.’A’&'B*
Sigma Mines  95¢
Teck
Texasgulf s
Texasguif Pref. ...
United Keno
Voyager EX.
Western Mines

Yk. Bear

Yuken Cons.

]3¢ .......

62%¢  Feb. 21 Jan. 34

N.B.: Exdividend date is normaily tw
traded on or affer that date do not carry r
1978 payments. { U.S. funds. 1 “B** shares r

UNIOMN

\ KATNING

1935 Lesi

Toronto -

(416) 223

Suite 200, 4299 Canada Way 10E8-
Burnaby, B.C Queb
(604) 437-9491 (819)




from discovery to open pit production

,One of the iargest producers of
copper concentrates in Canada, the
Island Copper Mine is located near
Port Hardy, British Columbia, at the
northern end of Vancouver Island. It
is operated by Utah Mines Ltd,
which was incorporated for the pur-
pose in 1972 and is a subsidiary of
Utah International Inc, of San Fran-
cisco.

Estimated reserves are near
280-million tons of copper-
molybdenum ore with an average
grade of 0.52% copper, 0.027%
molybdenum sulphide. Developed
for a capital cost to start-up of some
$88-million, the first shipment was
made at the end of December 1971.
Full design capacity of 33,000
tons/day was reached in 1973, and
this has since been raised to the
current figure of 38,000 tons/day.

The mine has a very strict en-
vironmental control system to
monitor. the effects of tailings dis-
posal into Rupert Inlet, on which the
facilities are situated, and which
also provides access to the sea.

12

In the general area of Port Hardy, which
is a small logging and fishing community,
there was some coal mining as earlv as
1835 for a short while. The Geological
Survey of Canada reported on the geol-
ogy of northern Vancouver Island fol-
lowing field work by G M Dawson in
1886, and field work has been carried out
since then. Mining of copper started in
1911 some 20 miles to the south on what
became the Coast Copper property of
Cominco Ltd and was revived during the
1960s. Other coal and iron mines oper-
ated for some years but are now closed.
The original discovery on the present
Island Copper property was made late in
1965 by a local prospector, Gordon
Milbourne, who exposed indications of
pyrite and chalcopyrite mineralization in
adepression under two overturned trees.
Early in 1966 an agreement was reached
with Utah, and that company’s explora-
tion arm started a systematic programme
of geologic mapping, geochemical and
geophysical surveys, and some drilling.

The Island Copper deposit is a typical
copper porphyry. Mineralization occurs
in volcanic andesites which have been
intruded by a quartz feldspar porphvry.
The porphyry is itself occasionally
mineralized.

The geology and mineralization of the
Island Copper deposit were covered in

WESTERN MINER
—

some detail in an article by Maurice J
Young and E S Rugg, both of Utah,
which was published in Western Miner in
February 1971 (p31-40).

DEVELOPMENT

Following the initial exploration work,
drilling showed a small orebody of about
one-million tons grading just over one
per cent copper. While this was being
drilled, other targets were defined by
geochemcial sampling, and early in 1967
there was recorded the first diamond drill
hole into what has become the Island
Copper orebody, over a mile southeast
of the original discovery.

When it became evident, late in 1967,
that there was potential for a large
porphyry copper deposit, drilling was
accelerated and plans were made for a
feasibility study and development prog-
ramme.

An exploration shaft was sunk in the
summer of 1968, and drifts were mined
on strike to cross-cut the upper part of
the orebody. The material produced was
shipped to a Utah International pilot
plant at Cedar City. Utah, and samples
were provided to equipment manufac-
turers for grinding and crushing tests.
During this period the initial contacts
were made with government regulatory
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bodies. The steps taken to meet en-
vironmental regulations are of particular
interest and are dealt with in some detail
elsewhere in this review of operations.

A formal feasibility recommendation
was made to, and approved by, the Utah
board of directors early in 1969, By this
time studies had been made of market-
ing, housing, environment, metallurgy,
and plant design. It had also been estab-
lished that the orebody would exceed
200-million tons.

The actual development of the project
was announced in June 1969, and from
then construction continued to comple-
tion by the winter of 1971. The first
shipment of concentrate was made on 28
December 1971.

PIT OPERATIONS

The Island Copper orebody is mined by
an open-pit operation. The pit will even-
tually be 8000 ft long, 4000 ft wide, and
1200 ft deep. When visited by Wesrern
Miner in August 1974 the lowest bench
was at the 880 level, or some 120 ft below
sea level.

Mine operations, including supporting
maintenance work, are continuous and
on the same schedule of three shifts a
day, for seven days a weck, as the mill.

The orebody and waste rock are over-
lain by glacial till which ranges in thick-
ness from 15 ft in the centre of the pit to
250 ft on the east and west sides.
Benches are mined to a height of 50 ft in
the till and 40 ft in rock.

Drilling is done with four Bucyrus-
Eric units: three 600R electric and one
45R diesel-electric rig. Drill holes are
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&4 ! : 9%-inch diameter, drilled to grade in
% glacial till, and to 8 ft below grade in rock.
: ol Drill pattern varies according to local

conditions.

Explosives used are largely AN/FQ in
bulk, with some packaged tvpes, and
packaged AN/FO for wet holes that
cannot be pumped dry. Powder factors
are about 0.4 in till and 0.9 in rock
(pounds of AN/FO per cubic yard of
material).

Broken material from the pit is loaded
into trucks by shovels with 13-cu. yd.
buckets. On normal operations. four of
five shovels are working. The units used
in the mine are all P&H electric shovels:
three 2100B models and two 2100BL
with lower propel system.

For special loading operations, and as
a back-up for the shovels, there are two
L700 Letourneau 15-yd front end loaders
which are fitted with a 12-cu.yd bucket
and extended arms for additional reach
when loading into high bodies on large
trucks.

The haul trucks used at the mine
include 25 Unit Rig M 120 units, each of
120-ton capacity, which average some-
thing over 100 tons a load with their
78-cu.yd boxes. More recently there
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Floodlighté over open pit
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Control office overlooks all operations in the Island Copper pit

Cable-handling rig designed locally for Island Copper pit operations
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have been added five Unit Rig Mark 36
trucks with a rated capacity of 170 tons,
and a further five of these units are due to
be delivered by early 1975.

The Unit Rig vehicles are diesel-
powered with final drive by electric
motor in each wheel.

Ore is carried from the pit to the
crusher over a distance of 1-1.5 miles,
involving a climb of up to 280 ft from the
level at 120 ft below sea to the crusher at
160 ft above sea level. Haul roads are 100
ft wide; ramp grades in the pit are 8-10%.
Waste is dumped on land to the north of
the pit and inte a low-level marine fill to
the south of the pit.

The mine is in an area of heavy rainfall
(about 70 inches a year). This factor,
combined with the extensive dumping
operations, makes it necessary to have a

large fleet of auxiliary vehicles, including -

three graders, three rubber-tired dozers,
five Caterpillar D-8 and five D-9 trac-
tors, and three Fiat-Allis HD-41 dozers.

Also used for auxiliary and back-up
work are a Caterpillar 988 loader and
four 35-ton Mack trucks. For ditch work
there are a Gradall and backhoe.

The operations in the pit are readily
supervised from a field office located on
high ground. A traffic supervisor in the
office can see all vehicles and equipment
in the pit. and maintains radio contact
with the operators. Large banks of flood-
lights provide adequate visibility even
during hours of darkness.

Operations are controlled by a super-
visor and two principal foremen, one on
production and one on services. which
include pit dewatering and road and

dump maintenance. :

Electrical power supply is an impor-
tant feature of the operations. Mobile
transformer stations in the pit convert
13.2kV main supply to 4160V for major
equipment and to 575V for auxiliary
services. The transformers can be
quickly moved to serve, for example.
new working areas for the shovels and
dalls. Electrical cables to the shovels are
protected in some working areas by
ground-level rubber channels instead of
overhead gantries.

Production from the pit was originally
designed at 112,000 tons/day of ore and
waste, but was running at 140,000
tons/day during 1974 and is to be further
increased.

The stripping ratio, waste to ore, over
the five-year period of operation to 1975,
is about 3.1:1.

There are two main pumps in the pit,
one electrically driven, one by diesel,
which are used alternately. There are
also many smaller electrical units in
different parts of the pit.

PEOPLE

The Island Copper mine is in an area
where there is no ready supply of skilled
workers or support services, and it has
been necessary for Utah to provide
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housing and other incentives to attract
and hold the necessary people.
The company has built about 200

single houses, duplexes, and town-

houses which are sold to employees at
subsidized prices. There are 15 different
models of housing, all built to high

standards. A major subdivision in Port

Hardy was designed by leading Van-
couver architects.

There are also subsidized rental
apartments, built and operated by other
agencies, and there is to be deveioped a
mobile-home park to accommodate the

growing trend to this type of housing.
About half the employees of Island
Copper live in the Port Hardy housing,
with another group in a camp at the mine
site where modular unit. provide
single-occupancy accommaodation,
Mine manager at Island Copper is
Robert N (Bob) Hickman, who has been
with the operation from the start and
succeeded to his present position in
November 1974, when the former man-
ager, Morton E (Mort) Pratt was made
vice-president and general manager of
Island Copper, based in Vancouver.

Island Copper Mine

milling for copper and molybdénum

Chris Brown  Metallurgist, Island Copper Mine

The Island Copper plant was designed
and built by Fluor Utah Ltd, in conjunc-
tion with Utah design staff. Originally
designed to treat 33,000 tons/day (t/d) of
ore, the current average milling capabil-
ity is 38,000 t/d (Nov'74). The first of six
semi-autogenous grinding lines was
brought on line in October 1971, start-up
of the remainder being governed by
equipment delivery schedules.

The summer of 1973 saw the start-up
of an additional three ball mills, and at-
tainment of the present production level.
The current process flowsheet is shown
in simplified form.

CRUSHING
The crushing circuit is relatively simple,
comprising single stage crushing of the
ore followed by screening to fine and
coarse fractions.

The crusher is a 54x74is Allis Chal-
mers Superior Gyratory with a setting of
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9-10in, driven by a 500-hp motor. Trucks
dump on three sides of a rectangular
dump pocket. An 84inx20ft link belt
apron feeder draws crushed ore from a
250-ton surge bin below the crusher, dis-
charging onto a 72-in wide inclined steel
cord conveyor belt. A fixed splitter box
at the conveyor discharge separates feed
to two parallel Jeffreys 6x20ft vibrating
grizzlies for screening into -++4in and
—4in fractions. The fractions are col-
lected on short reversible conveyors
which feed the coarse and fine ore
stacker conveyors. Trippers distribute
ore to outside stockpiles adjacent to, and
above, the concentrator grinding floor.
The circuit design capacity is 3000
tons/hour (t/h), crushing operations
being on a 3-shift/day 7-day/week basis
with [-shift/week scheduled for preven-
tive maintenance. Operation is super-
vised from a control room at the crusher
dump pocket, a duplicate panel being
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Glen F Andrews is the plant manager
with responsibility for mill production,
mill maintenance, metallurgy, analytical
laboratories, and environmental prog-

_ramme.

Open pit manager is Robert A [ eitz-
man, who heads mine production, en-
gineering, geology, and maintenance.

Project engineer is John C Hannah,
with construction and townsite de-
velopment responsibility,

Personnel manager is G Harold Hor-
wood. H R Tschiedel is office manager,
and T L Bon is purchasing agent.

situated in the main mill control room.
Truck dumping is governed by level in
the crushed ore surge bin (measurement
by nuclear gamma gauge).

The apron feeder is equipped with a
vari-speed drive for control of feed rate
to screening. Mercoid tilt switches alarm
build up at all transfer points, and TV
cameras are used for remote monitoring
of the crusher dump pocket and apron
feeder discharge. Weightometers are in-
stalled on the primary and fine ore trip-
per conveyors.

The circutt has remained unchanged
since start-up, miner modifications
being: (i) installation of a pneumatic rock
breaker and extended crane coverage
above the crusher dump pocket to speed
clearing of oversize rock. (i) Replace-
ment of sonic gauge by nuclear gauge for
measurement of surge bin level. (iii) Re-
placement of mechanical brakes on trip-
per car wheels by brakes on the shatts
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between the motors and gear reducers.
(iv) Installation of dust collection equip-
ment in the screening building. Equip-
ment was installed in the main crusher
building for start-up.

Two major factors limit current out-
put: (i) an annual rainfall of 80-100#1/year
necessitates frequent clearing of build-up
in chutes and screens during the winter
months. (i) Live capacity of the surge
bin beneath the crusher limits truck
dumping frequency, particularly when
crushing wet ore. (120- and 170-ton
capacity trucks are in use).

GRINDING

The original grinding circuit comprised
single stage grinding in six autogenous
milis, each in closed circuit with a ciuster
of eight hydrocyclones. Cyclone over-
flows were combined and pumped di-
rectly to copper rougher flotation. Two
major modifications 1o this circuit have
been made since start-up. The mills have
been converted (o semi-autogenous
grinding units by the addition of steel
balls, and three secondary ball mills have
been installed. The current circuit com-
prises three identical grinding lines, two
primary semi-autogenous mills produc-
ing feed for one ball mill.

Feed to each primary mill is removed
from the stockpiles through draw holes
under which 42inx10ft Jeffrey apron
feeders are located. There are three
feeders per mill, one under the fine pile,
one under the coarse, and one at the
junction of the two piles which is desig-
nated mixed ore. The feeders discharge
into a 36in wide horizontal conveyor
feeding the mill. Ramscy weightometers
are installed on the mill feed conveyors.
Each Hardinge Koppers mill is 32ft
diameter, 14ft long, has a grate dis-
charge, and is driven by two 3000-hp
13,200V wound rotor motors. The mill
drive arrangement is motor, gear re-
ducer, pinion, main drive gear. The main
drive gear is located centrally on the cir-
cumference of the mill shell. To increase
useful life of the mill lining, the drive
rotation may be reversed. The lining ar-
rangement comprises rows of liner plates
separated by rows of lifter and wedge
bars, 72 rows of each around the mill
circumference, The discharge grates are
slotted, the inner slot width being 5/16in,
and the outer %in. A trommel screen on
the mill discharge is used for return of
+34in material to the mill, screen over-
size returning through two ports.

The mills discharge into cylindrical
sumps; 12x12in 150-hp Georgia Iron
Works centrifugal pumps are used to
feed the clusters of eight 20in Wemco
hydrocyclones, one for each mill. Over-
flow product from these cyclones goes to
flotation. Cyclone underflow is split, a
portion returning to the primary mill, and
the remainder feeding secondary grind-
ing. Individual sumps and pumps are
used for transport of these underflow
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Inside the Island Copper miil; semi-autogenous miiis

portions from the primary cyclone clus-
ters; 8x8in 30-hp GIW pumps feed the
secondary mill cyclone feed sumps,
10x12in 200-hp GIW pumps feeding
clusters of six 20in Krebs cyclones. Un-
derflow from these clusters is secondary
ball mill feed. Overflow is combined with
that from the primary cyclones. The
three secondary ball mills are Allis
Chalmers 16.5x22ft overf{low type. Each
is driven by one 3000-hp wound rotor
motor through almost identical drive
trains to those of the primary mills,
equipment being duplicated where ever
possible to minimize the spare parts in-
ventory needed. Single wave lifter-liners
are used in the ball mills.

GRINDING CONTROL STRATEGY
During the feasibility stage of mine de-
velopment. the possibility of application
of autogenous grinding to milling of Is-
land Copper ore was realized. Factors
favouring adoption of this grinding tech-
nique over conventional rod and ball mil-
ling were: potential capital cost savings,
operating cost savings through circuit
simplicity, elimination of grinding media
usage, and crushing circuit simplicity (an
important consideration in a wet cli-
mate). This potential was sufficient in-
centive to proceed with pilot plant test-
working using a 6ft diameter by 2ft long
Cascade test mill.

Samples for pilot plant work were ob-
tained from a shaft sunk where explora-
tion of the ore body had been mostinten-
sive. The outcome of this pilot plant
testwork was the decision to install six
autogenous mills in closed circuit for
primary grinding.

Soon after mill start-up, it became evi-
dent that the ore used for pilot plant work
was not representative of the main ore
body in one critical respect, namely rock

“structure. The test shaft had been lo-

cated in a zone of the ore body where
fracturing was much less severe than
normal for the bulk of the ore mined to
date.

Samples tested in the pilot plant typi-
cally contained 40-60% +4in competent
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rock, whereas run of mine o1e has aver-
aged 10-15% after crushing. Since au-
togenous grinding relies on rock-on-rock
impact forrapid size reduction, a propor-
tion of large competent rock pieces in the
mill charge is essential. With insufficient
coarsc ore. the prime mechanism of size
reduction becomes attrition rather than
impact. This was observed to be the case
at Island Copper during commissioning.
Symptoms of this condition were ob-
served to be low through-put (1/2 - 2/3
that of the design 240 t/h/mill-line), high
power consumption (25-50 kW/ton S
opposed to the anticipated 18-22
kW/ton), and a much finer than target
product at design cyclone feed density
(80-90%% —200 mesh; target is 70% —200
mesh).

The most expedient solution to this
problem. and one that required no
flowscheme modifications, was to make
up for the coarse rock deficiency by ad-
ding steel grinding media to the mill
charges. (Mill structural specifications
had been written to provide for this pos-
sthility, based on other operators’ ex-
perience.) Steel additions to the mills
started November 1971. By February,
all but one of the mills were operating
with ball charges, the one mill remaining
autogenous until May 1972 for compari-
son purposes. Currently the mills oper-
ate with 7-8% by volume charges,
make-up comprising 70% 3in and 309
4in diameter forged steel balls. This
combination has been derived as op-
timum after extensive testing of different
ball sizes (1.5-4.5in diameter), combina-
tions of sizes, and varying % charges
(19%-9%).

In addition to the ball charging exper-
iments, modification of the circuit was
considered. A survey of industry experi-
ence suggested production would be im-
proved by operating the mills in partial or
fully open circuit. Plant testing con-
firmed this observation and resulted in
the decision to install the three secon-
dary ball mills. Commissioning started
June 1973 and, with the refinement of
primary mill ball charging strategy, has
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resulted in achievement of the current
through-put capability of 38,000 t/d.

Other major operating statistics for
primary-secondary grinding in 1974 are
an overall power consumption of 22.5
kW/ton, ball consumption of 2.2 Ib/ton,
liner consumption of 0.34 Ib/ton, and
equipment availability of 91%.

Development of an effective primary
miil control strategy is also considered to
have contributed significantly to
achievement of higher than rated aver-
age through-put. 1t was originally envis-
aged that two basic instrumentation
loops would make possible fully auto-
mated control of autogenous mill opera-
tion. Mill loading was to be "Cascade’
controlled from an analog power draw
recorder/controlier, varying mill feed
rate to maintain KW draw at a sel point.
(Variation of feed rate is accomplished
through vari-speed feeder drives. Ratio
controllers govern the relative feed rates
from cach feeder. so that ratios re-
main the same cven with changes in
total feed rate. A mill feed water control-
ler allows cascade control of water addi-
tion®  from the weightometer
recorder/controller. The desired ore-
water ratio is preset using a separate con-
troller). In practice. cascade control of
feed rate based on power draw set point
was not possible. The instrumentation
could not differentiate between decreas-
ing power draw due to mill overload. and
decreasing power draw due to increasing
ore amenability to grinding. Power draw
alone was hence unsatisfactory as an in-

*dicator of mill loading.

Back pressure on the mill trunnion
lubrication system was found to be aveli-
able indicator of actual mass loading.
Used in conjunction with the power
draw record, it is possible for the
operator to determine whether decreas-
ing power draw is due to mill overload or
improved ore amenability. Optimum
mass loading was observed to vary with
changes in ore characteristics. Hence
cascade control of feed rate to u pressure
set point atone also proved impossible.

Mill sound level offered u third possi-
bility as a cascade control input signal,
Monitors have been installed at ecuch
mill, but cascade to a set point again
proved impractical, optimum sound
level also varying with ore type milled.
Recording of these three elements does
provide the operator with sufficient in-
formation for effective manual control
however, and could provide the basic
clements necessary for a digital compu-
ter bused control strategy.

Thesecond loop represents an attempt
to control cyclone separation. A nuclear
density gange is installed on the cyclone
overflow monitoring product specific
gravity. A controlier regulates water ad-
dition to the eyclone feed sump based on
an overflow specific gravity set point.
This loop is effective lor density control,
but does not provide control of product
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Flotation cells in part of the Island Copper mill

particle size. With density held constant,
product size distribution varies with ore
type milled. An Autometrics Co Ltd par-
ticle size analyzer is currently being
tested to provide size-, rather than
density-based. control of cyclone sep-
aration.

Secondary ball mill operation is also
manually controlled at the present time.
Cyclone feed sump level and mill sound
level are used as indicators of mill Toad-
ing. and cyclone overflow densities are
controlled by nuclear gauge. Screen
analyses are routinely performed on all
cyclone overflows. They produce a
guide line for cyclone overflow density
required to produce the target flotation
feed size distribution.

All control instrumentation for prim-
ary and secondary grinding is panel
mounted in a central control room. Hon-
eywell instruments are used. the panels
being supplied by Swanson Engineering
and Manufacturing Co Lud.

COPPER FLOTATION
Primary and secondary cyclone over-
flow product is split between two parallel
identical Cu rougher flotation sections,
Euach section comprises five bunks of 14
300-cu.ft Wemeco cells arranged in a 5-5-4
pattern: 12x12in 200-hp GIW flotation
feed pumps transfer pulp at 38-307% sol-
ids to stationary distributors feeding the
flotation banks. Rougher concentrates
from each section are reground sepa-
rately in two 9ft diameter by 18t long.
700-hp  Allis-Chalmers  overflow  ball
mills. The mills operate in closed circuit
with clusters of eight 15in Wemco hvd-
rocyclones. Cyclone overflows are
combined and pumped to a fixed dis-
tributor feeding five banks of 10 100-cu.ft
Galigher “Apitair’ cleaner flotation
cells. Cleaner concentrate is recleaned in
four banks of eight 33-cu.ft Agitairs.
Concentrate from recleaner tlotation is
molybdenum plant feed, tailings being
recycled to cleaner flotation.

Cleaner tailings are pumped to two
banks of 14 300-cu.ft Wemco cells for
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scavenging. Concentrate from this flota-
tion stage combines with rougher con-
centrate for regrinding. Scavenger tail-
ings are combined with the rougher tail-
ings to become the final plant tailing.
Where required, rubber-lined Allen
Shermun Hoff centrifugal pumps are
used for transport of Cu flotation pro-
ducts. Equipment may be started locally
or remotely from the central control
room.

Copper flotation metallurgy

The most common rock type containing
sulphide mineralization is andesite which
is typicully dark grey in colour. fine
grained and highly fractured. 1t is esti-
mated that approximately 865 of the ore
body is contained in this host rock, the
remainder being quartz porphvry and
brecciuted material. Sulphide minerali-
zation is predominantly along cleavage
and fracture planes (7072). the remainder
being finely disseminated.

Sulphide minerals in order of abun-
dance are pyrite, chalcopyrite,
molybdenite and very minor amounts of
bornite. galena. and sphalerite. Gold,
silver and rhenium are present. Silicates.
magneltite. calcite, clays and gilsonite
matke up the remainder of the host rocks.

Current mill heads grade 0.507% Cu
and 0.017%% No. Overall circuit recovery
has averaged 8797 and recleaner concen-
trate target is 249 Cu.

The present reagent balance is refa-
tivelv simple. collector and frother being
added i rougher flotation only. Addi-
tions are made to the flotation feed
sumps (6077 of total), Notation bank first
junction boxes (25%). and second junc-
tion boxes (1397). Average consump-
tiens are 0.008 Ib/ton potassium amyl
xanthate collector, and 0.06 Ih/ton of a
93504 aerofroth 7IR with 6.5% Dow
SAT012 frother blend. Manually ad-
Justed Clarkseon feeders are used for
metering reagent additions. Rougher,
cleaner. and recleaner feed pHs are au-
tomatically controtled using Beckmuan
probes for sensing and on-off squeeze
valves for metering. Respective targets
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are 10.0, 10.8, and 11.5. Overall lime
consumption is L3 lb/ton. Approxi-
mately 65% of this quantity is added to
the tailings thickener feed, pH of which
is automatically controlled to 11.3-11.5.

Water reclaimed from the thickener
overflows is used in the grinding circuit,
thus reducing rougher lime requirement.
Fresh wateris used for launder and sump
spray dilution in the flotation circuit.
Bubbler tube type pulp level monitors
are instalied to control sand plugs in all
flotation bank junction and tail boxes.
FEach box has one plug controlled from
monitor set point, and one that may be
raised or lowered manually.

Copper recovery appears primarily
dependent on flotation feed size distribu-
tion and the extent of liberation of finely
disseminated sulphide mineralization.
Target primary grind is 10-12% +100
mesh, 709% =200 mesh. Rougher and

" scavenger concentrates are reground to

90% —325 mesh, primarily to liberate
chalcopyrite-pyrite middlings.

MOLYBDENUM PLANT

The molybdenum plant is situated in the
main concentrator building and com-
prises separation, concentrate filtering,
drying, and product packing sections.

The copper circuit recleaner concen-
trate feeds a 100-ft diameter Eimco thic-
kener. Pulp is thickened to 65-70% solids
prior to being pumped to two 26x26ft
agitated storage tanks. These tanks
provide storage capacity for approxi-
mately one day’s production from the

“copper circuit. They smooth fluctuations

in molybdenum flotation circuit feed,
and provide aging time required for
breakdown of residual reagents carried
over from the copper circuit.

Feed is pumped from these tanks to a
splitter box feeding a bank of four attri-
tion cells which are used for pulp condi-
tioning prior to rougher flotation.
Rougher flotation of the molybdenite is
performed in a bank of 12 48-cu.ft Agitair
cells. Rougher concentrate is pumped to
a bank of 16 48-cu.ft first cleaner cells.

One of the thickeners

Concentrate from this stage is reground
in a 4x10ft Aliis-Chalmers regrind ball
mill in closed circuit with a cluster of 4
6-in Wemco cyclones. Cyclone product
is pumped to a second cleaner bank of
cight 48-cu.ft Agitair cells. Concentrate
from this flotatios stage is cleaned in six
more flotation stages using Denver
#16-'Sub-A" cells, fourth cleaner con-
centrate being reground in a 3x4ft De-
nver ball mill which is in open circuit.

Tails from the eight cleaner stages are
generally recycled to the previous stage,
although the circuit is designed to be flex-
ible in this respect. Final flotation circuit
tails comprise rougher and first cleaner
tailings which are pumped to a final cop-
per concentrate thickener, prior to filter-
ing and drying.

The circuit is unusual in one major
respect — the ore milted at Island Cop-
per contains a small quantity of gilsonite
(a carbonaceous mineral) that has very
similar flotation properties to the
molybdenite. This mineral is a major
contaminant in the molybdenite flotation
product. Various schemes have been or
are being tried. to remove this material
from the molybdenum concentrate. A
double cycloning stage between the first
regrind and second cleaner flotation
stages was installed at start-up. to reject
the light mineral, but separation effi-
ciency has proved unsatisfactory. Selec-
tive flotation of the eighth cleaner con-
centrate also failed.

Experiments with a Bartles Mosley
table are now in progress, as preliminary
experiments using a Wilfley shaking
table indicated gravity separation to be
practical. Several flow schemes employ-
ing the table are under investigation to
determine the optimum with respect to
metallurgical efficiency. Galigher verti-
cal pumps are used for pulp transport in
the flotation circuit.

Final molybdenite concentrate, from
either eighth cleaner flotation or tabling,
is thickened in a Denver 15ft diameter
thickener. Underflow is pumped to two
10x 10ft agitated holding tanks using a
1.5in ODS pump. From the holding
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tanks a second 1.5in ODS pump trans-
fers the pump to a 4ft diameter 4-disc
Denver filter. Overflow from the filter
boot returns to the holding tanks. Filter
cake drops down a chute to a double 7in
screw Holoflite dryer, the dryer dis-
charging into a storage silo. Product is
packed into 45-gallon drums for sale on
lot basis to customers in Europe and the
USA. The typical product sold assays
42% Mo. Drums are shipped, four to a
pallet, by barge to Vancouver for dis-
tribution to purghasers.

Molybdenum flotation metallurgy

Molybdenum flotation feed rate is ap-
proximately 660 t/d assaying 0.8% Mo.
Circuit recovery primarily depends on
the gilsonite (carbon) content of the ore
which varies over a wide range
(0.01-1.09% C in the molybdenum plant
feed). Overall plant % Mo recovery var-
ies from 10% to 709, and averaged 30%
in 1974. B

Sodium hydrosulphide is the primary
copper depressant. It is added to the at-
trition machine, first cleaner and second
cleaner feeds, overall consumption av-
eraging 14 Ib/ton Mo plant feed. Sodium
cyanide is used as a secondary depre-
ssant for chalcopyrite and pyrite. Con-
sumption is 2 Ib/ton. A froth modifier,
Dearborn Exfoam 636, is used in the
cleaning stages. consumption ranging
0.3-1 Ib/ton. Fresh water is used for all
dilution and spray water additions.
Flowmeters are used for sodium hyd-
rosulphide metering, and Clarkson feed-
ers for the other reagents.

Flotation bank sand plugs are manu-
ally adjusted, instrumentation being li-
mited to redox potential and mass-flow
monitoring of circuit feed.

Cu CONCENTRATE HANDLING
The final concentrate, assaying 23-25%
Cu, is thickened to 60-65% solids in a
100ft diameter thickener. Undertlow
may be pumped direct to filtering, or to
three 26x26(t agitated holding tanks. Fil-
ter feed is split to two 10x8ft diameter
10-disc Eimco filters. Vacuum supply is
by two 200-hp Bingham pumps, two
275-cu.ft/min  Tieghman compressors
providing the snap blow air supply.

Filtrate returns to the thickener, and
0.3 Ib/ton of Cyanamid Aerodn 100 is
used as a filter aid. Filter cake, contuin-
ing approximately 12% moisture, drops
to a 30in conveyor feeding the 48x7ft
diameter Lockhead-Haggerty rotary kiln
dryer. The dryer is fuel oil fired, final
product moisture being less than 8. A
cyclone scrubber recovers dust losses
for return to the thickener. An inclined
24in conveyor transports dryer dis-
charge to a conical 35,000-ton live-
capacity storage building. Product
weighing is by Ramsey scale.

For concentrate shipping a deep sea
dock was built, capable of receiving bulk

DECEMBER 1974



yiee

carriers of up to 20,000 tons capacity. All
production is currently shipped to
Japanese smelters of the Mitsubishi and
Mitsui Companies. Four Jeftrey apron
feeders draw concentrate from the bin,
discharging onto a 36in conveyor. A
Howe-Richardson weightometer
monttors loading rate over this belt
(1000-1500 t/h). Concentrate transfers to
@ 36in shiploader conveyor. The con-
veyor is track-mounted for movement
over the ship.

WATER SUPPLY
Process and mine site water requirement
is approximately 10,000 gal/min of fresh
water. This is obtained from Alice Lake,
about 12 miles west of the concentrator.
Four 3000-gal/min Worthington turbine
pumps are used to transport water (o a
head tank one mile from the pump house.
Flow is by gravity from this
100,000-gallon head tank to a tank at
mine site. The water line is 34in diameter
steel pipe. Tank levels are monitored in
the concentrator control room and
pumps may be started and stopped {from
this location. Their operation may also
be automatically controlled from head
tank level.

The mine site head tank capacity is
1.5-million gallons of which 300,000 gal-
lons are reserved for fire protection.

Lines from this tank feed the concen-

trator fresh water distribution system,
the 300,000-gallon capacity reclaim
water head tank, and an 18,000-gallon
capacity potable water tank.

POWER SUPPLY

British Columbia Hydro and Power Au-
thority provide power through a single
138KV transmission line from the Strath-
cona generating station, about 120 miles
south of the mine site on Vancouver Is-
land. Plant demand is approximately 50
megawatts. Two 18 MVAR synchron-
ous condensers are used for voltage con-
trol and power factor regulation. Two
25/33 MV A transformers step down the
voltage from 138kV to 13.2kV for mill
motor power supply, pit, and fresh water
pump house distribution centres. Pit,
water pump, crusher, and copper regrind
mill motors are 4.16kV. Smaller motors
in the concentrator operate at 575V.

PERSONNEL
Total concentrator workforce, including
technical personnel and staff supervi-
sion, is approximately 200 people.
Maintenance and operations account for
175 of the total crew strength.

The organization is designed to pro-
vide for continuous operation on a seven
days per week schedule.

Island Copper Mine

tailings disposal and the environment

Copper circuit rougher and scavenger
tailings discharge into a collection sump
in the flotation basement. From here,
tuilings flow by gravity through a 34in
steel pipe line to a splitter box feeding
two 375ft Dorr-Oliver-Long thickeners.
A stand-by line has been installed since
start-up. Thickener feed is 30-34% sol-
ids, underflow varying from 40-45% sol-
ids; 0.02 Ib/ton of flocculant and 0.6-0.8
Ib/ton of lime are added to assist settling.
Thickener overflow is reclaimed at a rate
of 4000-3000 gal/min and pumped to a
head tank above the concentrator eleva-
tion; four 3000-gal/min Worthington tur-
bine pumps are available for this task.
Thickener underflow density is control-
led by hydraulic squeeze valves on the
underflow lines. Underflows combine
and flow by gravity through a pipe line to
the marine disposal system. Two pipe
lines are available, one of 34in diameter
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steel. and one of 34in Sclair high density
polyethylene.

The pipe line discharges tailings into a
mixing chamber in which they are diluted
1:1 with sea water, before entering the
marine outfall line. The purpose of this
mixing stage is to prevent density inver-
sion of the tailings slurry liquid phase.
The submerged outfall pipe rests on the
inlet bottom which slopes at approxi-
mately 5° to the discharge point 1000ft
from the shore and 150{t below the sur-
face.

ENVIRONMENTAL MONITORING

Utah Mines initiated an environmental
water sampling program in 1969, before
the plant was built. A biological consult-
ing firm was retained to do a chemical
and biological assessment of Rupert
Inlet and adjacent waters. In January
1971 a permit was issued to Utah by the
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Tailings pipe discharges into Rupert inlet




Provincial Pollution Control Branch for
the submarine discharge of concentrator
tailings following public hearings. The
permit, in addition to identifying the
physical and chemical limitations of the.
permitted discharge, directed Utah to re-
tain an independent agency to assist in
setting up the programme, establish pro-
cedures for sampling and analytical
work, and prepare annual reports of .
programme results for submission to the
Pollution Control Board.

Utah selected a team of scientists from
the Universities of British Columbia and
VYictoria to carry out the functions of the
independent agency. This team consists
of oceanographers, marine biologists,
ecologists, chemists. geologists. metal-
lurgists, and mining engineers. The in-
dependent agency revised the existing
monitoring program to include a wider
scope in an attempt to cover all paramet-
ers which could be affected by the mill
effluent.

The revised program was developed i
and ‘monitoring started in March 1971.
Information gathered since that time in ‘
conjunction with surveys which had
been carried out by Utah before the
Permit was issued, have provided the _.
baseline information against which to
compare present and future conditions of
the receiving waters.

Monitoring of the inlet waters is car-
ried out periodically, and includes meas-
urement of the following major paramet-
ers: 5

(1) physical characteristics of the inlet
bottom including seismic profiles, bot-
tom photography, dredging and coring of
the bottom for sediment analysis;

(2) physical characteristics of the re-
ceiving waters including temperature,
turbidity, and colour;

(3) meteorological characteristics — 2
state of surface water and weather; i

(4) chemical charuacteristics of receiv- ;
ing waters including measurement of dis-
solved oxygen, salinity. alkalinity, and
Plant growth on seeded area, Sept '72 ‘ heavy metal content:
B ; SET ¥ 4 (5) biological characteristics including ¥
measurement of the organisms on the i
bottom in the deep part of the inlet,
marine life on the bottom in the shallow
intertidal areas, collection and meas-
urement of plankton, and collection of
crabs and fish for measurement of num-
bers, size, and heavy metal content.

Many of these same parameters are
also periodically measured in a number
of the fresh water streams flowing into
Rupert Inlet. The effluent is monitored
daily for heavy metals, pH. solids and
total volumes. Bi-weekly bio-assays are
conducted on the final effluent. Utah has !
chemists and technicians who carry out a {
major portion of the data collection and ]
analytical work relating to the physical,
chemical, and biological parameters
measured. The various measurements
are overseen by the scientists from the hE:
independent agency. :
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Aerial spraying of fertilizer is part of reclamation work
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Maurice J. Youngis District Geologist for the Vancouver, B.C., office
of Utah Construction & Mining Co. He was born in Brandon, Manitoba,
and gradoated in 1961 from the University of British Columbia with a
B.Se. in geology.

Prior to attending U.B.C. he was on the staff of Howe Sound Com-
pany from 1952 to 1937 and worked in the geology department of the mine
at Snow Lake, Munitoba, and later on exploration projects in New Brans-
wick and northern Manitoba,

After graduation he joined Utah Construction & Mining Co. and has
been involved in exploration projects in B.C., Alaska, and Washington
State. He is a member of the Association of Professional Engineers of Bri-
tish Columbia and the Canadian Institute of Mining and Metallurgy; and
is a fellow of the Geological Association of Canada.

E.S. Rugg received an Engineer of Mines (professional) Degree from
the Colorado School of Mines in 1943, After three years service in the U.S.
Navy, during World War I1, he spent two years in Alaska on exploration
and placer-mining projects. Succeeding assignments involved a three-year
stint in the petroleum industry, work in several underground-mining oper-
ations in the Western U.S., and on exploration programs in the search for
both metallic and non-metallic minerals in Western North America, Ethi-

opia, Peru, and Jordan.

Maurice J. Young, P.Eng. Scheol of Mines in 1956.

ation Manager for Canada and Alaska.

tana and is a member of the CIM and SEG.

He received a M.Sei. Degree (Mining Geology) from the Colorado

5

E. S. Rugg, P.Eng.

Joining the Utah Construction and Mining Co. in 1963 as District
Geclogist in the Vancouver Office, he was recently appointed as Explor-

He is a licensed Professional Engineer in British Columbia and Maon-

Geology and Mineralization of the

MAIJRICE J. YOUNEG, P.Eng. and

District Geologist, Vancouver,
Utsh Construction & Mining Co.

INTRODUCTION

The Island Copper property, controlled by Utah Construction & Min-
ing Co., consists of 175 mineral claims and fractions located on the north
shore of Rupert Inlet about six to eight miles south of Port Hardy on the nor-

ging roads from Campbell River through Gold River and Beaver Cove. B.C.
government ferry service also provides a daily link in the north island-highway
between Kelsey Bay, north of Campbell River, and Beaver Cove. Fixed-wing
aircraft and helicopter charter services are available at the Port Hardy airport.

The Island Copper property is accessible by public and private roads
from Port Hardy. It is also accessible by sea. Barges and moderate size
freighters can navigate Quatsino Narrows into Rupert Inlet. A barge docking
facility has been constructed in the concentrator area to facilitate moving of

HISTORY OF EXPLORATION ACTIVITY
~ The carliest known mining operation tion of coal from beds at Fort Rupert,
it the Port Hurdy arca was the extrac- a short distance south of Port Hardy,
A pa ;“plr-:-i:-nrcd at the Annual Meeting, B. C. Section. and at Coal Harbor, located on the
: north shore at the east end of Holberg

UE|

FEBRUARY, 1971

e ——— e e .

WESTERN MINER

———

E.S. RUGG, P.Eng.

Exploration Manager, Canada and Alaska,

Utah Construction & Mining Co.

Inlet. The former operation started in
1835, These operations were short Lived
because of general economic  condi-
tions and the poor quality of the coal.

Mining on what is now the Coust

time. In 1960 activity was renewed
there and the mine is currently produe-
ing both copper and iron concentrates.
Other nearby producers, both of
which ceased operations in the past
five vears. were the Yreka (copper) and
Empire Development (iron) mines.

sponsored field parties in the region at
various times. During the latter part of
1962 the Department of Mines financed
an airborne magnerometer survey of
Northern Vancouver Island. On pub-
lication of the results carly in 1963,
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; The Geological Survey of Canada
equipment and supplies to the construction site. published the first professional report ;
Elevations on the property range from sea level to 500 feet. Timber co- on the geology ol Northern Vancouver H

ver is dense. Precipitation at Port Hardy is normally about 75 inches a year, Island as a result of G. M. Dawson’s il
including two feet of snow. Yearly temperatures range from 20°F minimum to field work in 1886, Since that time both il

80°F maximum. the Geological Survey and the PBritish f
Columbia Department of Mines have |

p thern end of Vancouver Isiand. Port Hardy, a small logging and fishing Copper property of Cominco, 20 miles E
g community of about 2000 people, is about 220 air miles northwest of Yancou- to the south, started in 1911 but gen- 5
ver, B.C. Repuiar flights are scheduled between the two points by Pacific cral cconomic conditions were  such i
Western Airlines. The area is also accessible via provincial highways and log- that the operation lasted only a short i

il
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1
1
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ABSTRACT

Utah Construction & Mining Co. optioned the Island Copper property from Gor-
don Milbourne, a prospector, in January of 1966. Initial field examinations, including
preliminary soil geochemistry surveys, had been made in the fall of 1965 and an option
agreement was recommended. After the signing of a formal agreement in January of 1966,
a control prid was established with line spacing of 500 feet and 200-foot station spacings
using a Brunton compass and tape. A soil sampling survey, geophysical surveys and geolo-
gic mapping of the 175 claims were initiated utilizing the grid for control.

Diamond drilling and trenching were carried out simultanéously, in the vicinity of
Blilbourne's ariginal trenches south of Bay Lake. Float containing massive chalcopyrite
had been found there, on the surface and in prospect pits, by the prospector. To test this
avea, the company drilled over 13,000 feet in relatively shallow holes in 1966 and early
1967. This drilling outlined a narrow sinuous zone of good-grade copper mineralization.

By this time the basic geochemical and geophysical surveys had been completed
over the entire claim group. The geochemical work, in particular, outlined a large copper
anomaly in soils, located more than a mile from the original prospect pits. The area of the
anomaly was covered with thick forest prowth. Glacial tifl ranged from a few feet to 230
feet deep and there were very few bedrock exposures.

The peochemical anomaly ever what is now the Island Copper orebody was tested
initially with four shallow X-Ray diamond drill holes and low-grade copper mineralization
was indicated. In Febroary 1967 a BQ drill hole was collaved within the anomaly and it
intersected what proved to be ore-grade mineralization over a significant length. Drilling
continued in this area on 300-foot centers until May 1969. As many as six drill rigs were ac-
tive at one time and 128 BQ and NQ holes were drilled for a total of 116,783 feet.

The trend of the ore zone, N60°-70°W, parallels that of the regional folding. The
orebody is more than a mile in length, and in places exceeds 1200 feet in width.

Because the orebody does not outcrop, the geological interpretation of the deposit
has been made from the drill-hole information. The principal ore control appears to be a
dike-like quartz-monzonite-porphyry intrusion, Jurassic in age, which has invaded the Tri-
assic Bonanza tuffs. Only one small outcrop of the dike was visible but the drilling indi-
cates its presence for nearly the full length of the orebody. Brecciation has occurred in the
ulfs within the “hood” area over the dike and along the lateral margins as well as within
the dike.

Generally the mineralization consists of pyrite, magnetite, chalcopyrite, some bor-
nite and molybdenite in order of decreasing percentages,

Copper mineralization within the porphyry is distributed irregularly. The best cop-
per mineralization is found in the tuffs fianking the porphyry dike and in the “hood™ over
the porphyry, where ihe dike does not reach the bedrock surface.

Several types of alteration have heen recognized which appear to conform to the
usuzl porphyry-copper-type zoning. They include sificification, argillic and prophylitic al-
teration, and some development of secondary biotite. Silicification occurs both as perva-
sive quartz flooding and as veinlets and is associated with the mineralized zone. Several
generations of quartz veins are apparent, some of which are completely devoid of sulphide
mineralization.

tn 1968 a hulk-sampling program was begun. This work involved sinking a 225-Toot
shaft, driving abont 1000 feet of drifts and cross-cuts, and driving two raises. The shaft and
raises were driven on drill holes to obtain a direct comparison between the drill-hole assays
and the bulk assays. The bulk assays were slightly higher than drill-hole assays.

Metallurgical tests and mill-pilot-plant studies were conducted on drill-core com-
posites and on portions ol the buik sample.

The company announced in July of 1969, just a little over two years aflter the initial
dril! hole was collared in the orebody, that 280,000,000 tons averaging 0.52% copper and
0.029% molybdenite had been outlined and that a $73 million dollar investment would be
mude, Contracts for the sale of the copper and molybdenum concentrates have been sign-
ed and construction of the plant facilities on the site is well underway. The production date
is tentatively early in 1972,
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many companies and private individu-
als examined the many anomalous areas
which had been outlined with the hope
of finding iron deposits. No significant
discoveries were made however, and by
1965 very little interest was being
shown in the region.

In the vicinity of the Island Copper
deposit many isolated outcrops con-
taining small amounts of copper have
been noted for many years. On Red
Island, in Rupert Inlet, a short adit
was driven many years ago in frac-
tured volcanic rocks which contained
over 107 copper over short intervals.

During 1965, Gordon Milbourne, a
prospector who has concentrated his
cfforts on the north end of Vancouver
Island for many vyears, staked the Bay
claims. His attention was drawn to the
area by the widespread occurrence of
very small quantitics of native copper
and chalcopyrite in a few volcanic rock
outcrops, in road cuts, and in quarries
used as a source of road ballast. The
relationship between an aeromagnetic
anomaly, delincated by the Depart-
ment of Mines, and the copper mineral-
ization was speculative. Milbourne had
found a small picee of high-grade cop-
per float a short distance south of the
west end of Bay Lake early in 1965,
The excavation of two shallow pits be-
neath this float exposed ore-grade ma-
terial in bedrock. Initial field investiga-
tions, including preliminary  soil-geo-
chemistry survevs, by company geal-
ogists in October, 1965, indicated some
exploration work was warranted. A

formal agreement was signed in January

1966 between Milbourne and  Utah.
After signing of the formal agreement
a control grid was established with
line spacings of 500 feet and 200-foot
station spacings using a Brunton com-
pass and tape. A soil-sampling survey,
geophysical surveys, and geologic map-
ping of the 175 claims were initiated
utilizing the grid control.

Diamond drilling and trenching were
carrted out simultaneously in the vicin-
ity of Milbourne’s original pits south-
west of Bay Lake. To test this area,
the company drilled over 13,000 feet in
relatively shallow holes in 1966 and
1967. A small orebody having plan di-
mensions of 200 feet by 300 feet was
outlined.

Basic geochemical and geophysical
surveys had been completed over the
entire claim group prior to completion
of the drilling in the vicinity of the
original pits.

The geochemical work in particular
had outlined a large copper anomaly in
soils, located more than a mile south-
cast of Milbourne'’s test pits. This ano-
maly, over what is now the Island
Copper orebody, was tested initially in
1966 with four shallow X-Ray dia-
mond drill holes and a low-grade cop-
per mineralization was indicated. In
February 1967 a BQ drill hole was
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collared within the anomaly and it inter-
seeted what proved to be ore-grade
mincralization over a significant length.
Dirilling continued in this area until
May 1969. As many as six drills were
active at one time and a total of 128
BQ and NQ holes were driven,

After the completion of the first few
heles in the orebody, a legal survey of
the claims was undertaken. A transit
control-grid was provided for the 17=
2007 scale surface geologic mapping of
the area. A topographic map was pre-
pared for the arca by the survey de-
partment using a transit and level. The
surveyors were also  responsible  for
surveying the diamond-drill holes.

In 1968 a bulk-sampling program
was begun. This work involved sinking
a shalt approximately 225 feet deep,
and driving about 1000 feet of drifts and
cross-cuts and two raises. Metallurgical
tests and mill pilot-plant studies were
conducted on drill-core composites and
on portions of the bulk sample in the
company laboratory at Palo Alto, Cali-
fornia. and the pilot mill at Cedar City.
Utah.

GENERAL GEOGLOGY

Northern Vancouver Island is under-
lain by Mesoroic and Tertiary voleanic
and sedimentary rocks which are, n
places. cut by Mesozoic and Tertiary
intrusions.

The predominant rocks north of Hol-
berg Inlet are the Karmutsen forma-

tion, Quatsino formation, and Bonanza
subgroup of Upper Triassic and Juras-
sic ages.

The Karmutsen formation is of Lower-
Upper-Triassic age and consists of at
least 3000 feet of volcanic flows with
minor pyroclastics and sediments. The
flows are primarily basalts and ande-
sites and are commonly a green color
due to pervasive chlorite and epidote
alteration. Pyroclastics are very limited
and irregularly distributed. They occur
mainly as explosive flow breccias, with
basalt or andesite fragments imbedded
in a dark-green groundmass composed
of volcanic ash. Karmutsen sediments
are limited to the top several hundred
feet of the group and consist of argillite,
chert, and impure limestone interbedded
with voleanics and some breccia,

The Quatsino formation. of Upper
Triassic age. ranges from 200 to 3560
feet in thickness and consists almost
entirely of limestone with a few thin
andesite and basalt [Tows.

The Bonansa subgroup s from 3000
to over 10,004 feet thick and consists of
both sedimentary and volcanic divis-
ions. The sedimentary division is of
Upper Triassic age whercas the vol-
canic division is probably of Jurassic
age. Argillite, hmestone, agglomeratic
and tuflfaceous himestone, tuff, quarts-
ite. and minor conglomerate constitute
the sedimentary division. The sedimen-
tary division grades upward into and
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is conformably overlain by a  great
thickness ol flows and pyroclastics of
predominantly andesitic composition,
Although andesites predominate, ba-
salts, dacites. and rhyolites are also
present.

The Karmustsen formation and
Bonanza subgroup are conformably
overlain by non-marine Cretaceous sed-
iments which occupy local basins on
northern Vancouver Island. These sed-
iments consist of conglomerate, sand-
stone, grevwacke, and siltstone, with
some carbonaceous and impure coal
secams. The Cretaceous section is about
1000 feet thick in the Port Hardy area.

The main North Island intrusions of
Middle Jurassic age are part of the
Coast intrusive complex, and occur in
narrow northwest-trending belts,

LOCAL GEOLOGY

The Bay claims are underlain by a
thick section of Bonanza volcanics and
pyroclastics which appear to strike
about N60°-70°W and dip 30° to 407
to the south. Above its contact with the
Quatsino  limestone, a  500-foot-thick
Bonanza section includes “agglomera-
tic limestone™, argillite, siltstone, and
chert of the lower or sedimentary divis-
ion and a much thicker section of an-
desite and felsite [lows of the voleanic
division.  Cretaceous . sandstone  and
conglomerate lap over the Bonanza
volcanies along the southwest cdge of
the property. A small altered leuco-
cratic  granite  plug, ribboned  with
northwest-trending  orthoclase lfeldspar
stringers, outcrops on the Rupert claims
in the vicinity of Rupert Lagoon. Quartz-
monzonite porphyry outcrops along
End Creek about 2500 feet north of
Narrow Island. This body has been
traced by driliing for over 6000" along a
NT07W trend in the Island Copper ore-
bodv. The geologic interpretation is
llustrated in figure 2,

The granite and  quartz-monzonite
porphyry are considered consanguin-
cous and are probably of Jurassic age.
This age has been confirmed recently
through dating done by the B. C. De-
partment of Mines at UBC. Quartz
diorite, probubiv of Jurassic age, has
been mapped on the Port Hardy Cop-
per property, about one mile north of
the Bayv claims and at the northwest
end of the Bav claims on the west side
of the main logging road.

The entire area is cut by a number of
faults which are poorly exposed due to
the presence of glacial till and organic
cover. These faults generally trend
either N70°W or N50°E. One major
N70°W fault is exposed about 3000 feet
north of Narrow Island, where it is
marked by a siliceous, pyrophyllite zone.
The pyrophyllitized fault-zone can be
traced for about 5000 feet to the north-
west. The pyrophyllite is associated
with quartz-monzonite porphyry, ande-
sitic flows, and pyroclastics along this
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fault and apparently is the result of
hyvdrothermal alteration.

A study of the lineament pattern on
aerial photos of the Bay property indi-
cates a dominant east-west to N70°W
pattern roughly paralleling the north
shore of Rupert Inlet. Less prominent
transverse patterns trending N70°E,
N40-60°W, and N20°W are superim-
posed on this dominant lineation. Main
fault and fracture trends encountered
in outcrops, in underground workings,
and in drilling correspond well with the
above lineaments,

Mineralization:

Massive pyrite and chalcopyrite are
concentruted along a silicified fault-
zone in altered Bonanza volcanics ex-
posed in the prospector’s shallow pits in
the zone southwest of Bay Lake. The
mineralization ‘consists of a number of
narrow discontinuous massive-sulphide
lenses, individually up to 10 feet wide
and 50 feet long, along a complex frac-
tured zone which generally trends
N307W and dips steeply to the north-
cast. The overall mineralized zone is up
to 85 feet wide and 500 feet long.

Low-grade copper and/or molybde-
num minerilization has been found in
volecanics in other places on the proper-
ty. Some lead-zinc mineralization as-
sociated  with manganese occurs in
calcareous tuffs and sedimentary units
north of Bay Lake.

Chalcopyrite, pyrite, and magnetite
are irregularly  disseminated  through
silicified andesite on Red Island and in
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outcrops along the shore of Rupert In-
let north and northwest of Red Island.
In heavily sheared sections (N507E
and N30°W shearing) on the island, the
copper grade is above one percent over
significant widths.

In the area of the Island Copper de-
posit, no visible copper mineralization
was noted in the sparse outcrops. As
indicated by drilling the overburden
ranges up to 250 feet in thickness and
obscures nearly all geological features
in the vicinity of the orebody. Attention
was drawn to this arca through the de-
lineation of a geochemical anomaly by
soil sampling. There were no prospect
pits in the area. Shallow drithng indi-
cated the presence of low grade (.27%-
.36%) copper in the form of chalcopyrite
and deeper drilling resulted in the dis-
covery of the orcbody. The principal
ore control (see Fig. 3) appears to be a
dike-like quartz-monzonite porphyry in-
trusion, which dips 65° to the north,
strikes N70°W and has been traced by
drilling for over 6000 feet along the
strike, In some places the porphyry oc-
curs as numerous parallel bands sep-
arated by fractured andesite and;/or
brecciated porphyry and andesite. Oc-
casionally this zone ranges up to 900
feet in thickness, although normally
it is about 400 to 500 feet thick. Ore is
concentrated along both the footwall
and hanging wall of the dike structure
but occasionally occurs in some sec-
tions entirely across the dike. Copper
mineralization occurs in all the rock
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types but is found primarily in fractured
and silicified andesite. The porphyry
and breceia are nearly barren in some
places within the bounds of the ore-
body.

Pyrite, chalcopyrite, and minor
molybdenite are found in all the rock
types present in finely disseminated
form and also as thin and randomly
oriented secams. The pyrite content of
the orebody generally varies from two
to five percent but there are local con-
centrations,  primarily  fracture-
controlled. of 15 to 20 percent. Molyb-
denite occurs as an accessory mineral
and its concentration appears to  be
directly proportional to that of chalcopy-
rite. The better-grade copper mineral-
ization is normally bounded by a lower-
grade auereole. Mineralization ex-
tends over horizontal widths of from
500 to 1700 feet. Faulting has compli-
cated the structure and the wider zones
of mineralization appear to be due to
offsets  along  relatively-steep  faults
trending northeast, northwest, and pos-
sibly parallel with the dike. Silica is
present in variable quantities through-
out the orebody.

Dike contacts are often gradational
where metasomatism has involved in-
tense pervasive silictfication and quartz
veining of the voleanics.

Alteration:

Alteration of several types has af-
fected the voleanic host rocks. In order
of decreasing intensity they are (1) sili-
cification (2) argillization (3) saussuri-
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tization and (4) biotitization. In addition
some potash feldspar has been intro-
duced and carbonates, talg, chlorite,
and pyrophyllite have been developed
in varying amounts. Silicification is
generally pervasive through the min-
erzlized zone but is most intense in the
brecciated volcanics along the dike
margins. The caly alteration is quite
closely associated with the silicification
and is most evident in fault zones.
Saussuritic alteration is quite pervasive
and may be largely deuteric. The K-
feldspar alteration is closely associated
with silicification and produces in places
a pscudo-porphyry appearance. It is
particularly intense near the porphyry-
dike contacts. Zeolites (tenatively iden-
tified as stilbite and laumontite) occur
commonly as fracture fillings both in
the orebody and in surrounding vol-
canics. Some carbonate is present in
fractures. Talcand chlorite are the com-
mon alteration products of the malfic
elements in the andesite and are pro-
bably of both deuteric and hydrother-
mal origins. Pyrophyilite is developed
in the brecciated rock of fault zones
lying near the south margins of the
orebody. It is closely associated with
the silicification.

The porphyry-dike fingers out up-
wards into a zone of intense clay al-
teration and silicification. RBoth volecanics
and porphyry are affected. Locally the
lateral margins of the dike are bordered
by a breccia composed of magnetite-
rich fragments of andesite in a matrix
of vein quartz.

A natural bitumen occurs rather spor-
adically in small quantities through the
mineralized zone. it is invariably found
in well-fractured, faulted, and altered
sections of the flows and pyroclastics
suggesting that the bitumen migrated
along faults and fractures into the vol-
canics from some unknown source. It
is a bright, black, soft, material which
fractures readily and has a dark brown
to black stream. In its wsual form of
blebs, shards and streaks, it resembles
plates of biotite. Its physical and chem-
ical characteristics are similar to coal.

GEOCHEMICAL SURVEY

A geochmeical soil survey was con-
ducted over the property during the
period January to June 1966. Traverse
lines were run N22°E across the claim
area from Rupert Inlet to the north
boundary of the property. These lines
were surveyed by compass and tape
from the main baseline, which was run
along the main MacMillan-
along the main MacMillan-Bloedel log-
ging road. They were also tied to ad-
joining lines at their north and south
ends. The traverse lines were spaced
500 feet apart with sample stations
marked by [lagging at 100-foot inter-
vais. A few intermediate lines at 250-
foot line spacing were run to permit
better definition of soil anomalies in
the vicinity of Bay Lake. The individual
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traverse lines varied in length from
5000 to 15,000 feet, with the average
length being about 8700 feet. A total of
6! lines were surveyed and samples for
an aggregate of 530,000 feet of traverse,
and 4203 samples were taken, represen-
ting 78% of the total number of sample
stations.

The Bay claims in general have a var-
iable cover of glacial till, peat, and
moss, which ranges from a few feet to
at least 250 feet in thickness.

The soil samples were taken, where
possible, at the 100-foot stations, using
a mattock to penetrate the organic
cover. In some places, it was physically
impossible to reach the soil below the
organic material even with a d4-foot
auger. The sample was usually taken
from the soil horizon below the organic
cover and generally consisted of red-
brown colored silt with relatively few
pebbles and cobbles.

As indicated above, about 22% of the
soil samples were omitted due to thick
organic cover, swampy ground, or no
soil development because of near-sur-
face bed-rock. The samples were dried
and analyzed by a commercial labora-

Assays from drill core near the loca-
tion of the soil profile indicates the
underlying bedrock contains about the

WESTERN MINER

total copper content in parts per mil-
lion. The analyses were plotted on one
inch to 200 feet base maps of the claim
group and the results were contoured
using an interval of 50 parts per millicn,

In order to determine the significant
anomalies, usual statistical methods
were applied to determine background,
possibly anomalous, and anomalous
values. Background was determined
to be 70 parts per million, possibly
anomalous 70 to 105 parts per million,
and anomalous values were in excess
of 105 parts per million. A profile show-
ing the geochemical plot of Cu in soils
in parts per million over a portion of
the orebody is illustrated in figure 3.

In the area of the orebody, shown in
figure 4, the geochemical anomaly
showed a fairly rapid gradient from be-
low 100 to above 200 ppm copper. The
anomaly defined by the 200 ppm con-
tour is roughly in the centre of the ore-
body in plan and conforms well with
that part of the orebody generally over-
lain by less than 30 feet of overburden.

Soil profiles have been taken at sev-
eral locations in the vicinity of the ore-
body. One profile taken over the orebody

tory in Vancouver using an atomic near the shaft gave the following
absorption spectrometer to report the results:

Depth Soil Description ppm copper
0" to 2 feet organie cover not sampled
“ 2" to 3 feet red-brown sandy gravel 06

3" to 4 feet red-brown mixed clay, sand and gravel 189

4" to 5 feel mixed clay, sand and gravel 194

4" to 6 feet mixed clay, sand and gravel 51

4" to 7 feet clay,sand, gravel and leached broken bedrock 886

7 to 8 feet stained angular bedrock 1680

average copper content of the orcbody.

Several other soil profiles taken indi-

cate an anomalous concentration of

FEBRUARY, 1971

R

p——

cC
sa

cC
cC

fa

e
fr
I
Ve

o~

Mo e

[ A ]



A A e g

TP S R T S e

P A

WAV EL NG

copper in the red-brown mixed clay,
sand and gravel between depths of 2 to
5 feet. However this information is in-
complete because of the inability to

- continue sampling to the bedrock sur-

face.

Additional geochemical work is plan-
ned. Sampling of several soil profiles
from the glacial till surface to the bed-
rock surface and a biogeochemical sur-
vey will be completed.

GEOPHYSICAL SURVEYS

Magnetic Survey

The British Columbia Department of
Mines sponsored an airborne-magnetic
surveys of the north end of Vancouver
Island during the period July-September
1962, The results of that portion of the
survey over the Island Copper property
are shown in figure 5. At that time there
was considerable interest in exploration
for iron deposits. The Quatsino lime-
stone horizon and the calcarecous hor-
izons at the base of the Bonanza series
and in the Upper Karmutsen provided

favourable target areas. When the re-

sults of the survey were published in
1963 many mining companies, including
Utah, examined areas covered by mag-
netic anomalies.

A significant anomaly with a relief of
about 700 gammas was delineated trend-
ing northwesterly across the north shore
of Rupert Inlet. This anomaly was four
miles long, up to one mile wide, and had

an hourglass shape. One lobe was cen-
tered over Bay Lake and the other near
Red Island. Field examinations in this
area stimulated only mild interest, al-
though good-grade copper minerahz-
ation was found associated with magne-
tite on Red Island. During 1963 and 1964
sporadic prospecting by individuals and
companies was conducted but interest in
the area gradually waned until 1965,
when Milbourne discovered high-grade
copper float, southwest of Bay Lake.
This culminated in Utah Construction &
Mining Co. signing an option agreement
on the property.

Because of the dense vegetation cover
and lack of outcreps on the Bay claims it
was obvious that an appraisal of the
ground would require detailed geophysi-
cal and geochemical surveys. These were
conducted simultaneously.

The ground magnetic survey grid was
designed with lines trending N22°E
at 500-foot intervals and station spacing
along the lines of 100 feet. Readings
were taken with both an Askania torsion
balance and a Jalander fluxgate instru-
ment. General confirmation of the air-
borne results was good. This survey cov-
ered all of the claims. A profile of the
magnetometer readings on section 175
over the orebody i1s shown in figure 3.

The magnetic pattern is obviously af-
fected by the geological structure. In the
area south of Bay Lake the background
intensity is 1500 gammas with an overall

range of from 200 to 2400 gammas. This
area is underlain by pyroclastics and vol-
canic flows with a variable magnetite
content. There is a gradual increase in
magnetic susceptibility north of Bay
Lake, where the Karmutsen volcanics
become prevalent. A peak of 10,000
gammas was recorded in several irregu-
lar lenticular anomalies north of Bay
Lake, trending N75°W,

The en echelon pattern in Figure 5 is
suggestive of offsets along north to
northwest trending faults. Toward the
north edge of the Bay claims the magne-
tic intensity decreases. to less than 1000
gammas in a narrow band where argil-
laceous and calcareous rocks at the base
of the Bonanza group are present.

An irregularly-shaped magnetic ano-
maly of greater than 3000 gammas ex-
tends S70°E a distance of 1500 feet from
the shaft site on the Island Copper ore-
body and N55° W a distance of 2500 feet.
The magnetic anomaly north of Bay
Lake is much larger in aerial extent than
the one over the known orebody, but to
date no significant sections of ore-grade
material have been found there either in
surface outerops or in drill holes.

It is believed the magnetic anomalies
in this area are only a rough guide in
prospecting because of the ubiquitous
character of magnetite in the volcanics.
However, nearly all the known signifi-
cant copper deposits in this area do have
a close spatial relationship with areas of
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abnormal magnetic susceptibility and
the use of magnetic surveying in pros-
pecting is of value.

Induced Polarization Survey

In view of the significant pyrite
content associated with the copper min-
eralization, it was believed that an
induced-polarization survey might be
useful in defining drilling targets.

Initially a survey was conducted in the
area south of Bay Lake where some good
copper mineralization had been pene-
trated with drili holes. This work was
partially experimental and various “a”
spacings ranging from 25 to 300 feet
were used. Judging from the final drill-
ing results here, the definition by the
I.P.surveys of the limits of abnormal sul-
phide content was good.

Because of the relatively high cost of
detailed surveying it was decided to con-
fine the induced polarization work to
those arcas where geochemical anoma-
les had been delineated.

The induced polarization response was
measured with a pulse type instrument
operating on a variable voltage of 300,
600, and 900 volts generated by a com-
pletely-portable direct-current battery
source.

A grid was surveyed over part of the
area now known to cover the Island Cop-
per deposit. Here the L.P. response indi-
cated an anomaly, the peak of which lay
a few hundred feet north of the copper
orebody found by drilling. The pyrite
content of the veleanic rocks adjacent to
the orebody ranges up to 20% in some
places. Within the orebody the combined
pyrite-chalcopyrite volume is about 403
to 5%. Drilling indicated an abnormal
concentration of pyrite at a shallow
depth in this area which confirmed the
results of LP. surveys designed for pene-
tration to varied depths.

Chargeability values over most of the
orebody fall in the range of 20 to 60
MYV/V with a background of about 10
MV/V. Plots of chargeability and resist-
ivity (figures 6 and 7) accompany this
report. To the north the polarization ef-
fect increases to over 1000 MV/V in iso-
lated peaks about 5000 feet from the ore-
body. The 1.P. response then appears to
decrease farther to the north. The ano-
malous induced-polarization effects form
a broad belt about 10,000 feet wide
trending N70°W across the Bay pro-
perty. The south edge of this belt, in the
20-40 MV/V range, passes through the
Isiand Copper deposit.

In all the interpretations made of the
induced polarization data, it has been as-
sumed that sulphides were responsible
for most of the anomalous conditions.
However, it is possible that argillic al-
teration, magnetite, and in the case of
the hroad belt mentioned above, carbon-
accous argillites and limestone, could
also have affected the results.

DRILLING
During the early stages of the explor-
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ation program of the Bay claims, which
comimenced in January of 1966, one
X-Ray diamond drill machine owned hy
Utah was in operation. Adaptations were
made in this machine to allow the use of
EX (#-inch core diameter) equipment
instead of the XRT (Y4-inch core dia-
meter) for which it was designed. This
drill was used initially in the area of the
initial discovery south of Bay Lake and
later to test the areas underlying other
geochemical anomalies, including the Is-
land Copper anomaly. The small drill
was limited to use in areas with 50 feet
or less overburden, and core recovery
was low. However it was a valuable tool
for testing new areas.

The first drill contract was let in Feb-
ruary 1966 and drilling was concentrated
initially in the vicinity of the prospect pit
south of Bay Lake. About 13.000 feet
was completed in this area.

In February of 1967 drilling was ac-
celerated on the Island Copper deposit.
Eventually as many as six machines
were drilling 400-foot centers. Drill-
ing continued until May 1969 and a total
of 128 BQ and NQ holes were drilled for
a total footage of 116,783,

Core recoveries averaged about 84%
in the carly days of the program and ad-
vance per 12 hour shift per machine was
only 20 feet.

By increasing the core size to NQ and
using larger machines with mud as a cir-
culating medium, core recovery was
increased to 949, with an average pene-
tration rate per shift per machine of
about 40 feet.

Direct  drilling costs  varied from
month to month depending upon aver-
age hole depths, depth of overburden,
length of moves between sites, and the
physical character of the rock being
drilled. The average cost increased from
about $11.00 per foot initially to about
513.50 per foot at the time of completion
of the program.

BULK SAMPLING PROGRAM

Because of the favorable drilling re-
sults obtained during 1966 and 1967, a
bulk sampling program was conducted.

This was a multi-purpose project in
thatit (1) provided some comparison be-
tween drill-hole-assay results and the
much larger bulk sample, (2) allowed
examination of the geology across the
mineralized zone, and (3) provided ma-
terial for a pilot-plant beneficiation test.

In the zone selected for bulk sampling
the overburden was thin, no water prob-
lems were expected, ground conditions
appeared good (as indicated by the ap-
pearance of drill core and core recovery),
and the grade of material in the shalt
was expected to be near the calculated
average for the orebody. The program
involving shalt sinking and drifting com-
menced in June 1968 and consisted of a
two compartinent (6" x 127 shaft com-
pleted to a depth of 225 feet, approxi-
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mately 1000 feet of 5" x 7 drift and two
short 5" x 6" raises, centered on drill
holes which were driven up from the lev-
el.

Broken ore was crushed in a portable
plant and reduced t» minus ¥-inch
mesh. This material passed through a
system of sampling devices in a tower
designed for the project. Approximately
109 of all the material removed from un-
derground was placed in drums as a rep-
resentative sample. Sufficient ore for
beneficiation tests was shipped to Cedar
City, Utah, for processing in the com-
pany’s pilot plant and the remainder was
retained at the property.

Assays of samples from the shaft aver-
aged 0.58% copper whereas the average
for the drill hole through the same rock
section was 0.529; copper. The higher
average obtained in the bulk sample may
be a result of (1) the shaft samples re-
presenting 1009 of the material pene-
trated as compared with the drill hole
recovery of 920 and/or (2) the physical
distribution of copper sulphides wherein
the chalcopyrite content along fractures
and in disseminated form varies con-
siderably within a few inches. Assuming
proper mixing of the crushed product,
the larger sample should be more repre-
sentative.

A feasibility study was undertaken by
the company in 1969 utilizing the drill-
hole and bulk-sample data. Ore-reserve
calculations were made with a computer
using fixed geometric projections and al-
so ®y the geology department using geo-
logic projecticns. There was very little
ditference in the results using both meth-
ads.

The company announced in July of
1969, just a littie over two years after the
initial drill hole was collared in the ore-
body, that 280,000,000 tons averaging
0.529% copper and 0.029% molybdenite
had been outlined and that & $73 million
dollar investment would be made. Con-
tracts for the sale of the copper and
molybdenum concentrates have been
signed and construction of the plant
facilities on the site is well underway.
Production is tentatively scheduled for
carly 1972,
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Technical Publication Reprint

The South Central B.C. Branch of the C.I.LM. has
Jnow received copies of all papers presented at the 1970
Fall meeting. The re-printing of the book, with all papers
in one volume, has been delayed because of the low
number which has been re-ordered for printing.

Ads are being placed in various mining publications
to make certain that all interested people have the op-
portunity to order and receive a copy of this attractive
and informative hook. It is also anticipated that mem-
bers who obtained a copy at the convention would like
an additional volume which now includes the papers
which were missing in the first volume. No separate
printings of papers are available,

Any person, company, or institute that would like
a copy should write to:

SOUTH-CENTRAL B.C. BRANCH, C.I.M.

1970 CONVENTION COMMITTEE,
P.O. Box 609,
Kamloops, B.C.

$7.50 PER COPY
Closing date for orders — March 31st, 1971,
As early as possible.

MName
Address
Number of Copies Required

Return this slip to:

South-Cenfral B.C. Branch, C.I.M. -
P.O. Box 609,
Kamloops, B.C.

As early as possible.
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Letters to the Editor

Government Administration Building,
Regina, Saskatchewan,
January 27, 1971.
The Editor,
Western Miner,
1200 West Pender Street,
Vancouver 1, Canada.

Dear Sir:

The Department of Mineral Resources has noted
the letter by Mr. R. W. Johns that appeared in the De-
cember 1970 (Volume 43, No. 12) issue of the Western
Miner.

In connection with this letter we must take issue
with the statement by Mr. Johns that the Saskatche-
wan Government has contributed practically nothing to
the knowledge of the Athabasca Sandstone. We would
draw the attention of your readers to the following
projecis in which the Saskatchewan Government par-
ticipated on a cost sharing basis;

(1) An aeromagunetic survey of the Athabasca Sandstone area:

(2) Gravity studies in the Stony Rapids area extending over the
Athabasca Sandstone;

(3) Seismic studies of the Athabasea carried out by the Geolo-
gical Survey of Canada;

(4) Scintillometer flying of the Athabasca Area;

(5) Drilling of several holes through the Athabasca Sandstous
during th®period 1965-1969.
The Saskatchewan Government paid a total of
about $300,000.00 towards the cost of the above pro-
gram,

Yours very truly,

J.G. Wotherspoon, P.Eng.,
Deputy Minister of Mineral Resources,
Province of Saskatchewan.
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The following references were of value in compiling informatiorr on
the regional geology:
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