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FOREWORD

The vast area of Northwest North America represents a
major portion of the last pioneering frontier on the continent.
Many of its resources are reasonably well known; but any attempt
to inventory and appraise the Area's hidden mineral resources -
certainly a major feature in its future economic potential - is a
task involving decades of exploration and development work and
hundreds of millions of dollars, Sizable though past exploration
efforts have been, they have only scratchedthe surface in showing
the magnitude of mineral developments that might take place in
the future. Technologic advances of presently unknownmagnitude
and import will surely make significant contributionsin facilitating
discovery and development of these resources inthe next 20 years,

Meaningful conclusions on transport needs for resourcede-
velopment should be based on objective analyses. Projections of
mineral -resource developments in this study have therefore been
made, in the main, from known occurrences., Magnitude and loca-
tion of new discoveries simply cannot be predicted with any reason-
able degree of probability. In spite ofthis uncertainty over future
mineral potentials, economic growth of the Area from known re-
sources in the next 20 years appears quite promising.

Again, the appraisal of improved transport facilities needed
for resource development has been based primarily on known and
proved transport methods. The inevitable march of technology
will surely register major improvements in various types of
transport — whether it be to greatly accelerate water transport
by hydrofoils, to expand geographic accessibility by submarine
freight and passenger service, to simplify and cheapenland trans-
port by '"air cushion" vehicles, or to improve and cheapen air
transport by various methods,

These hidden resources and unknown but inevitable techno-
logic advances are intangible assets whose imprintsonthe Area's
future progress cannot now be timed or evaluated.

But perhaps the most potent intangible and immeasurable
assets of the Area are the heart, the courage, and the will of its
people. In every population there are always some who seek new
country, new adventures, and new challenges in an environment
where they are their own masters. Such people are willing to



rely on their own personal resources;forexistence and to face the
hardships and problems of the life they have chosen. Their moti-
vations may be many - dislike of the crowd and pressures of con-
formity, love of the outdoors, escape, fortune, risk, or self-satis-
factionin conquering the unknown. Such people pioneered in opening
up the United States and Canada - through the 17th, 18th, and 19th
centuries,

Problems of present-day Northwest North America are not
strictly comparable to those of a centuryago. There are possibly
greater barriers to its economic development today than was then
true of the prairie states and the West. But these barriers will
not deter all of the pioneers inour present and future populations.
The Area's unique frontier characteristics will serve as a magnet
to those of true pioneering spirit,

As the population of the United States and Canada grows -
probably doubling in the next half-century - economic pressures
will force those who seek space and love nature to move toward
the far Northwest., There they will find wild game, fish, and moun-
tain grandeur unexcelled in the world., Armed with the products
of inevitable technical advance, the vast and broad spectrum of the
Area's resources will be found, developed, and put to use in the

service of mankind,

Some way, somehow, these people will exist, they will multi-
ply, they will be productive, And in the course of their progress
they can find that satisfaction they seek in a dynamic, expanding
Northwest North America that will evolve from their efforts.
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All maps of the entire Area in the report incorrectly show a road going to Whittier, Alaska; there
is no such road. Also, they incorrectly show the location of .Takla Lending, B.C. (identified east of
Hozelton on Figures IV-1 and VIi-1), which actually represents the Iocoiior! of Old Hogem, B.C. The road
should proceed southwestward from this location to Takla Landing on the east shore of Takla Lake.
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I. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

Northwest North America, with its population of 364,000 scattered over an area
of some 1,150,000 square miles, represents a vast, largely undeveloped frontier.
Probably close to half of this limited population, which totals only as much as the city
of Oakland, California, is heavily concentrated in three relatively small areas:
Anchorage and Fairbanks, Alaska, and the Peace River region of British Columbia and
Alberta.

With roughly half the area and two-thirds of the population of this entire area,
Alaska's economy is based heavily on government expenditures — for both military and
civilian purposes. Alaska's spectacular growth in the past decade has sprung mainly
from this same source.

The economy of the Canadian parts of the Area is based largely on resource
development — metals and minerals, oil and gas, forests, and agriculture.

With the probability that future military expenditures in the Area will not increase,
and may even decrease, the Area's future economic growth will depend largely on de-
velopment of industries based on local resources — tourism attractions, fuels, forests,
metals and minerals, hydro power, fish, and agriculture. Lack of adequate transpor-
tation has been cited repeatedly as a major obstacle in developing the Area's resources.

This report appraises these resources — in terms of taking inventory of those
known to be present in the Area and estimating their marketability in the next 20 years —
points out transportation improvements needed for resource development, gives
estimated costs of selected transport facilities, compares costs and benefits of such
facilities, outlines methods and problems of financing construction of such transport
facilities, all leading up to recommendations for specific transport improvements.
Emphasis was placed on major transport facilities linking Alaska with the southern 48
states, with special consideration to those in the Pacific Northwest, and to major
feeder routes tying to such major links. Specifically omitted from the Battelle study
was any consideration of strategic military factors as justification for improved trans-
port facilities in the Area. Also, population estimates take no account of possible
changes in military and Government activities in the Area — principally Alaska. The
only reasonable assumption that could be made from checks with defense officials was
for continued activity at about 1959 levels.

Resources

Knowledge concerning the quantity and quality of resources in the Area varies
greatly. Even though serious gaps exist, data on location, quantity, and quality of the
Area's forests, fish, wildlife, hydro power, agricultural lands, and tourism attrac-
tions are reasonably well known. On the other hand, knowledge of the Area's potential
for development of resources hidden beneath the surface — oil and gas, coal, and metals
and minerals — is relatively poor. In spite of long and extensive search for gold and
more recent exploration for other metals and minerals, the vast areas of potential
mineral ground have only been scratched by modern prospecting techniques. Because
of the extreme uncertainties in probabilities of finding hidden deposits of minerals and
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fuels of commercial size and grade in areas considered favorable geologically, how-
ever, appraisals of the Area's resources of these materials have been based mainly
on what is now known to be present. As has been notably true in oil and gas in 1957-
1960, major discoveries may change the picture almost overnight for these fuels,
while a meaningful appraisal of a major find of metals or minerals may normally re-
quire several years for drilling and underground development before judgment can be
made as to its importance.

Tourism. Tourism is an important economic activity in Northwest North America
now, and it bids fair to become the most important of all contributors to the Area's
economy by 1980. In order to assure a real growth in tourism it will be necessary to
exert strenuous and constant efforts to this end from all angles, including the following:

(1) Schedule more tourist or coach rates on airlines serving the Area

(2) Continue to improve air schedules from the central and eastern parts
of the southern 48 states

(3) Give greater attention and service to visitors' needs in respect to
lodging, eating, and other travel services

(4) Develop a greater variety of tourist attractions and activities

{5) Build more and better accommodations at low rates both in the Area
and on roads leading to it

(6) Reduce the distance and cost, and improve the comfort of auto travel
to and in the Area

(7) Provide a variety of ways of traveling to the Area

(8) Extend the length of the tourist season, striving for nearly year-round
activity

(9) Create and maintain effective promotional efforts.

Assuming that needed transportation facilities and tourist accommodations are
provided and that vigorous, effective promotional efforts are launched and maintained,
tourist expenditures in Northwest North America could soar from the present lével of
about $93 million to $472 million by 1980. In addition, a significant share of the addi-
tional expenditures, $123 million, would swell the Area's payrolls and lead to increased
employment and population, 21,600, and 130,000, respectively.

Data used in arriving at such numbers as the preceding were the best available in
an admittedly limited, vague, and frequently unreliable supply of statistical informa-
tion. Although the process of developing reasonable or plausible projections to 1980
was largely based on intuitive judgments, the final result is considered to be conserva-
tive and attainable if the provisions for removing obstacles to future travel are made
as indicated.

The most promising transport facilities that would contribute to development of
tourism are: (1) an asphalt-surface-treated highway from Hazelton to Jakes Corner via
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Atlin, using segments of the Stewart-Cassiar Road, (2) upgraded and asphalt-surface-
treated Alaska Highway between Charlie Lake and the Yukon-Alaska boundary, (3) the
Southeastern Alaska ferry connecting Prince Rupert with '""Panhandle'' cities and the
Haines Cutoff leading to highways in Central Alaska, and (4) the Port Hardy-Kitimat-
Stewart ferry. These major transport facilities would provide faster, more comfort-
able, and more economical travel routes for tourists than anything now available and
would permit several alternative ways for a traveler to visit the Area without retracing
his steps over long stretches of highway. Cut-throughs from Petersburg, Alaska, to
the Stewart-Cassiar Road via the Stikine and Iskut Rivers, and from Route 5 to Juneau
would provide alternative as well as attractive shorter circle routes for tourists who do
not have time to go "all the way''. In addition, these new routes would traverse large
sections of beautiful scenery in the Area, as contrasted to portions of relatively unin-
teresting country along the Alaska Highway. These natural attractions include the
awesome splendor of great snow-capped mountains, beautiful streams and valleys,
glaciers and fiords, fish and game, and many others for the beauty or pleasure seeker,
camper or hunter. It is estimated that the number of travelers from outside the Region
visiting the Canadian area solely would be almost equal to the number passing through
the Region with destinations in Alaska.

Oil and Gas. Northwest North America, containing a number of large sedimen-
tary basins, is one of the few remaining areas in North America offering promise for
discovery of new, large-scale deposits of oil and gas. The successful northwestward
march of drilling activities from the petroliferous regions in Alberta and British
Columbia appears to indicate great potentials in the sedimentary basins extending far-
ther northwest and west in Yukon Territory and Alaska.

Value of output of oil in the Area in 1958 was about $15 million, virtually all from
the Peace River area of Alberta. Value of gas output was about $8 million, all from
the Peace River region, with about half each from northwestern Alberta and northern
British Columbia.

Drilling activities on Kenai Peninsula of Alaska since 1957 have indicated a
major-size gas field, a medium-size oil field, and promising gas and oil deposits,
warranting construction of a gas pipeline to Anchorage and of an oil pipeline to Cook
Inlet to allow shipments of crude oil to the U, S. West Coast. Promising shows have
also been obtained from test wells near Yakutat and Yakataga along the coast east of
Cordova.

Substantial oil and gas reserves were indicated in Naval Petroleun Reserve No. 4
along the Arctic slope by extensive exploration and drilling in the decade 1944-1953,
Steps have been initiated leading to possible abolition of this Reserve with transfer of
jurisdiction to the Department of the Interior. This is of course aimed at opening up
this area to private development. Commercial 0il production would require the dis-
covery of appreciably more reserves than are presently known.

Total industry expenditures on oil and gas activities in Alaska are now totaling
about $30 million annually, with about half spent on exploration and half on drilling and
production. During 1960, six to eight drilling rigs operated in various possible petro-
leum provinces, and 22 geological field parties explored even more widely scattered
promising petroliferous areas.

70243 O -61 -Vol, 2 ~2
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Based largely on plausible projections of potentials presently known in the Kenai,
it is' estimated that by 1980 Alaska might well produce 25 million barrels of crude oil
annually valued at $60 million based on.1960 prices in California less shipping costs,
and 100 billion cubic feet of gas valued roughly at $15 million based on an estimated
1960 going rate for large-quantity consumption if it were obtainable. Additional major
discoveries in other parts of Alaska = well within the realm of probability — could in-
crease these figures many fold.

Oil and gas developments in the Canadian portions of the Area have centered
around the Peace River region, and have taken place largely in the past 5 years.

For northwestern Alberta, the Royal Commission on the Development of northern
Alberta estimated in 1958.that annual oil output would-increase about tenfold between
1958 and 1980 to an annual production of 62 million barrels, and natural gas would in-
crease almost fourfold to an annual total of 213 billion cu ft. These estimates are
highly speculative as there is no way of knowing whether oil and gas will be found at the
‘'rate and average productivity per acre assumed; but in view of the continuing success
in drilling activities in northwestern Alberta, there is good reason to believe that the
estimates are conservative. Results obtained in the next decade will determine the
scale of activity by 1980.

-+ In northern. British Columbia, oil production is lagging behind natural gas, and
new drilling northward indicates even heavier emphasis on gas. Output of oil in 1959
was 866,000 barrels and of gas was 70 billion cu ft. Average value of oil at the well
was $1.82 per barrel and gas was 6.5 cents per Mcf (1000 cu ft). Gas is piped south-
ward along the general route of the P.G. E. Railway right-of-way to Vancouver and
thence to the Pacific Northwest states. Based on plausible extensions of known oil and
gas activities in northern British Columbia, annual 0il output by 1980 is projected to
50 million barrels and natural gas to 464 billion cu ft.

Excess of supply over demand in the world oil picture is expected to-be corrected
in a few years by higher rates of demand increases, especially in foreign consuming
areas. Markets for long-range increasés in petroleum output from Northwest North
America appear to be assured by the high and growing demand rate in the Pacific Coast
areas of the U. S. and Canada, with U. S. West Coast indigenous supplies probably
pegged at no more than current rates. Annual demand for oil products in U. S. West
Coast states is projected some 400 million barrels higher in 1980 than at present —

a level that should provide ample markets for expansion of petroleum output from
Alaska and Canadian parts of Northwest North America well beyond the 130 million
barrel increase projected in this report. Growing needs in Japan, Hawaii, and Alaska
would supplement what appears to be'more than adequate long-range outlets on the
American West Coast. ' ‘

Markets for gas supplies developed in British Columbia, Alberta, and adjacent
parts of Yukon and Northwest Territories are certainly assured to the south by the
growing markets in Canada and the U. S. West Coast, via pipeline transmission. It is
doubtful if pipelines to these consuming areas can tap the Alaskan supplies economically
in the next 20 years. Markets for Alaskan gas will depend on growing local use for
residential, commercial, and industrial heating and for industrial uses other than heat-
ing (including electric-power generation) such as for manufacture of ammonia and other
petrochemicals. Liquefaction of Alaskan natural gas for export to Japan and possibly
other Alaskan and U. S. West Coast markets appears to offer the best basis for really



1-5

large-scale use and should present attractive possibilities in the next few years, Pro-
jections of Alaskan output of natural gas in this report are based heavily on the success-
ful outcome of this development, which, however, requires heavy capital outlays,

The more attractive business climate in the Area compared with that in many
foreign countries should boost industry interest in developing its oil and gas resources.

Forests, Throughout Northwest North America the sheer volume of standing
timber of merchantable grade and species is estimated at the impressive total of a
trillion board feet. A wide variety of geographic and climatic conditions limits the pro-
portion that is economically accessible at this time. Development of the accessible
part in northern British Columbia and Alberta must rest on extensions .of rail and high-
way systems there. Such transportation development, however, is not related to growth
of the forest industries in Alaska, where the feasible and likely growth in the two dec-
ades to come will be limited largely to the Coastal Forest, Present and ready access
already exists for this part of the Region in a usable combination of water freight and
existing Canadian railways,

The demand for forest products of the type available from Northwest North
American forests will condition the growth possibilities inherent in the Region, The
Region as a whole should participate in the increasing world, continental, and local re-
quirements for lumber, plywood, pulp and paper products, but this is not true of each
segment of the Region. For example, Alaska should benefit by the full development of
the Coastal Forest region by 1980, producing pulp and lumber valued annually at about
$124 million and a population growth of about 25,000, There is also a possibility of news-
print being made in this area although the economics do not appear favorable at this time.
But the lumber and plywood potential open to coastal Alaska will be supplemental to the
major pulp industry. An expanding but only local use is foreseen for the forest products
of interior Alaska by 1980,

A promising picture can be painted for the British Columbia and Alberta parts of
the Region under study., There will certainly be an extension northward of the already
well-developed lumber and pulp and paper industries south of the region. Huge volumes
of relatively accessible, sound wood — depending on feasible new transport installa-
tions — combine with increasing world demand to make this a logical proposition. Pulp
and lumber output are projected by 1980 to a total of about $320 million annually for
these two areas, with population increasing by about 57,000,

It is not anticipated that either the Yukon or the Northwest Territories will partici-
pate in other than local development within the time period considered,

Over-all, then, and from the point of view of new or major additions to existing
transportation facilities possibly needed to promote regional growth based on forest
industry, it appears that no such facilities are required to maximize the potential of
coastal Alaska, while the installation of such facilities still would not benefit interior
Alaska. However, new transport in the way of railways and highways is vital in
to realize the potential of northern British Columbia and northwestern Alberta,
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Metals and Minerals., Total values of metals and minerals, excluding fuels,
produced in the Area in 1958 were about as follows: Alaska, $15 million; Yukon
Territory, $12 million; and Northern British Columbia, $10 million. Major minerals
comprising these values were: gold, sand and gravel, stone, platinum, and mercury
in Alaska; silver, gold, lead, and zinc in Yukon Territory; and asbestos and silver in
British Columbia.

Except for the relatively few commercial producers and the possible develop-
ments discussed below, the known metal and mineral deposits in the Area are generally
either too low grade if they are large enough or are too small if grade is sufficiently
high to allow for commercial development under present market conditions. By and
large, prices should not change materially in the next 20 years. High costs for labor,
equipment, and supplies in the Area, especially Alaska, are a serious obstacle to
mineral development.

The one outstanding assured new operation is that of Canada Tungsten Mining
Company in Northwest Territories north of Watson Lake, which will produce some
2500 tons of tungsten concentrates per year worth about $3. 2 million starting in 1961.

Beyond this, best short-term prospects for commercial operation are the iron
deposits of Southeastern Alaska. The medium-grade ore in relatively small deposits
(a2 few million tons each) may produce 600,000 tons annually worth $4. 3 million, and
the large low-grade titaniferous ore deposits (hundreds of millions of tons each) may
produce some 2.3 million tons of concentrates per year valued at $18. 8 million, with
main market potentials in Japan or the U. S. West Coast. If large blocks of electric
power could be made available at around 4 mills per kwhr it is plausible to think in
terms of a substantial pretreatment electric-smelting operation producing, say, 1 mil-
lion tons of steel per year worth about $73 million at Klukwan (20 miles northwest of
Haines) for marketing on the U. S. West Coast in the next 5 to 10 years. Smaller
blocks of low-cost electric power might be utilized to smelt iron-ore concentrates at
Snettisham (40 miles southeast of Juneau) in 2 much smaller operation producing, say,
175,000 tons of pig iron annually worth about $8. 7 million. The huge low-grade
titaniferous iron deposits at Union Bay on Cleveland Peninsula have been extensively
explored, but do not appear as attractive for commercial development as the deposits
just cited.

Mercury prospects in the Kuskokwim River region might well develop into several
new producers within 20 years, with total output of, say, 12,000 flasks annually worth
some $2.5 million. Output could be flown out as from the Red Devil at present, but
trucking over a new access road would be much cheaper.

It is likewise plausible to visualize development of the Vangorda Creek lead-
zinc-copper deposit (northwest of Ross River) in Yukon Territory in the next 5 years,
producing around 70,000 tons of concentrates worth around $8 million annually, for
shipment through Whitehorse and Skagway to Vancouver and Trail, B. C. The Hyland
River zinc-lead-silver deposit north of Watson Lake might be opened up at a lower
operating rate.

The Tulsequah Chief zinc-lead mine on the Taku River in British Columbia near
the Alaska border might be reopened if a road is extended up Taku Inlet and the Taku
River near it, giving access to tidewater the year around. Output could amount to
about 30,000 tons per year of concentrates valued at about $5 million,
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Within perhaps 8 to 10 years the Clinton Creek asbestos deposit north of Dawson,
Yukon Territory, might well be developed, with an output of some 30,000 tons of
asbestos fiber annually worth $8 million, shipped to Whitehorse, Skagway, and
Vancouver,

Four low-grade copper deposits — Sumndum (50 miles southeast of Juneau); Kobuk
(some 150 miles east of Kotzebue Sound in northwest Alaska); Scud River A, and Scud
River B (some 50 miles south of Telegraph Creek, B. C.) — might be exploited starting
some 10 to 15 years hence, producing at an assumed rate of 10,000 tons of ore daily
or say 108,000 tons of concentrates at Sumdum and each Scud River deposit, worth
about $16 million per year and 162,000 tons worth $24 million from Kobuk (because of
higher grade)., Also, the Granduc copper property (northwest of Stewart, B. C.) might
well be developed in 5 to 10 years, with an assumed output of around 10,000 tons of ore
daily, or around 195,000 tons of concentrates worth $29 million per year, These would
move to the coast for shipment probably to the Tacoma copper smelter,

Vast high-purity limestone deposits on numerous islands in Southeastern Alaska
may well be developed for shipment to the Pacific Northwest or for use in Alaska, and
more limited deposits in the Rail belt may well be exploited for manufacture of portland
cement, Plans for such a plant near Anchorage were announced in the summer of 1960,
Projections are included for 500,000 bbl of cement worth $3 million and 1.5 million tons
of limestone from Southeastern Alaska worth $1.5 million annually by 1980,

Except for Kobuk, Kuskokwim mercury, Vangorda Creek, Canada Tungsten, and
Clinton Creek, all the deposits are on or reasonably close to tidewater, New connecting
roads would be needed by all exceptions named above, pius the Scud River deposits,

In addition, small operations might be developed in southwestern Yukon Territory
at Quill Creek (nickel-copper worth, say, $3 million per year) and Canalask (nickel
worth, say, $1.5 million per year), and future development might indicate substantial
producers of copper at Johobo (south of Haines Junction) and of copper-nickel at Brady
Glacier (northwest of Juneau). Known tin deposits on Seward Peninsula can supply small
amounts of this strategic metal, but only at prices substantially above current levels.

All of those listed, however — except for Canada Tungsten — are highly conjec-
tural developments, the outcome depending on the nature of competitive discoveries and
developments elsewhere in the world and on assumed market growth. It is quite possi-
ble that none of them will be developed within 20 years.

Thus, any assured metal or mineral developments of major size in the Area are
quite completely dependent on finding deposits that are larger and/or higher grade than
those now known. A map (Figure V-10) is presented showing estimated metal and
mineral lode potential for the Area as a crude guide for pioneering or development road
location.

Although some large mining companies that have been actively exploring the Area
are disappointed with results and speak of their experiences as disappointing, others
are quite optimistic and consider the Area good '"hunting ground" for discoveries. In
view of widespread mineralization in many parts of the Area, there is still the strong
hope of making one or more new fabulous finds comparable with the United Keno Hill
and Kennecott deposits.
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But in this metal "hunting'' game, again, the Area must compete for exploration
dollars with other areas throughout the world, and, to be realistic, the Area has its
drawbacks. Mountainous terrain, short seasons, fickle weather, scarcity of lakes or
landing strips for airplane travel, and remoteness combine to make prospecting in
much of the region more costly by far than in many other geologically attractive areas,
such as the Precambrian Shield of northern Canada.

Nevertheless, exploration is being pushed in the Area by mining companies.
Recent social and political developments in many foreign areas have augmented the risk
factor in developing and conducting enterprises abroad. Continuation of this trend
might well cause mining companies to expand their exploration efforts in Northwest
North America, where the '"business climate' is more attractive and relatively secure.

More intensive effort by government geological departments in completing semi-
detailed geologic mapping of the region would be a boon in attracting and guiding more
intensified exploration by industry. Such work by government is urgently needed and
fully warranted.

Coal. Limited exploration allows only crude order-of-magnitude estimates of coal
reserves in the Area, but such estimates indicate the presence of about 100 billion tons
of coal, about 80 per cent of which lies in northern Alaska along the north slope of the
Brooks Range. About three-fourths of the total is low-rank subbituminous coal or
lignite.

Coking-quality bituminous is known to occur in various areas, especially in
northern Alaska, in the eastern end of the Matanuska district, and in the Bering River
field along the Gulf of Alaska east of Cordova.

Production has come from the Nenana (subbituminous) and Matanuska (bituminous)
districts in the Rail belt of Alaska, but this faces stiff competition from the newly dis-
covered gas on the Kenai.

Best chance of developing a sizable operation appears to be in the Bering River
district for production and export of low-volatile coking coal to Japan or other areas.
Geological exploration and tonnage sampling was performed in 1959, Laboratory tests
of the samples indicated acceptable coking characteristics. Further drilling and under-
ground developmernt of the highly folded, faulted, and crushed deposits will be needed to
prove up the necessary tonnage of satisfactory grade minable at costs required to meet
market demands. The Jewell Ridge Coal Company is giving further consideration to
undertaking such a program, With favorable results, plans visualized could-develop into
an operation producing some 1 million tons annually worth about $10 million,

Reserves in the Canadian parts of the Area total about 4. 4 billion tons, about half
of which is bituminous grade in northern British Columbia and a third is lignite, mainly
in northern Yukon. Major deposits in British Columbia are in the Groundhog, Peace
River, Telkwa, and Atlin areas. About 400 million tons of largely subbituminous grade
occur in the Peace River area of Alberta. Competition of natural gas, oil, and hydro
power in the Peace River and northern British Columbia areas will limit the use of these
Canadian coal deposits, but small tonnages may be used for smelting Hines Creek iron
deposits in Alberta.
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Outlook for sizable operations to produce steam coal for export is not promising.
Relatively small operations in various parts of the Area will continue to serve local
needs.

Hydroelectric Power. The water-power resources of Northwest North America
represent one of the world's largest potentials for the development of hydroelectric
power. The full potential of the Area is not yet known, but studies completed to date
indicate a total potential capacity of some 30 million kw rated as installed capacity.
Inclusion of numerous small potential sites of 2000 kw or less and revision of original
estimates for others would augment this total.

Compared with Alaska's total of almost 19 million kw of undeveloped potential
hydro power, only a minute amount of about 66,000 kw had been developed as of 1958.
Most of this developed hydro power is now being utilized by utilities. Fourteen un-
developed sites have potentials of over 100,000 kw each, headed by Rampart Canyon,
northwest of Fairbanks on the Yukon, rated at 4. 7 million kw installed capacity. This
is followed in size by Woodchopper Creek and Kaltag in the Yukon basin; by Wood
Canyon and Peninsula on Copper River; and by Devil ‘Canyon, Denali, and Watana on
Susitna River.

The total potential in Canadian parts of the Area is about 8.8 million kw, with 11
sites rated at over 100,000 kw at maximum flow. Heading these in size is the Portage
Mountain site on the Peace River near Hudson Hope with 3 million kw, followed by the
Stikine River, then by 8 sites on the Yukon.

The Peace River site has been studied intensively in recent years by the Peace
River Power Development Company, Limited (Wenner-Gren interests), and application
has been made to the British Columbia government for permission to proceed with plans
to construct a dam forming a lake that would flood the Rocky Mountain Trench a distance
of some 200 miles. Generating capacity would be 3,145,000 kw, and a 500,000-volt
transmission line would connect the plant with the transmission system of the British
Columbia Electric Company at Lillooet, some 450 miles to the south. Technical pro-
posals have been accepted, with minor changes suggested, by the British Columbia
Water Comptroller, but economics and financing plans still had to be approved in the
fall of 1960 by the British Columbia Public Utilities Commission. The project would
not be completed until 1976. Considerable controversy has arisen over these plans,
with many informed persons claiming that development of the Upper Columbia River
under international agreements with the U. S. would offer more attractive economics
for the next stage in power developments in that area. Certainly the growing electric-
power demand of southern British Columbia will require one or the other in the next
decade, and there are many who claim that power from both the Peace and Upper
Columbia Rivers will be needed by the time both could be constructed (some 15 years).

Two attractive sites that also received much study for planned development in the
past decade involve damming the Yukon near Whitehorse and diverting its headwaters
by tunneling and dropping the reversed flow to the Pacific Ocean with heads of some
2,000 feet. Since both would tap largely the same water sources, the potentials are not
entirely additive. The Yukon-Taiya project near Skagway, Alaska, would require inter-
national agreements between Canada and the U. S. With a potential of some 1. 2 million
kw, this project was studied and proposed by the Aluminum Company of Americainthe early
1950's for aluminum reduction use, but was dropped when agreement with Canada could
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not be arranged. The Taku project, east of Juneau, with an estimated ultimate installed
capacity potential of 3.6 million kw, was studied by the Frobisher-Ventures-Quebec
Metallurgical interests in the mid-1950's for power use by a complex of electrometal-
lurgical and electrochemical industries, but was dropped when interest by large power
users failed to develop. This latter project might also involve international agreements
because of required changes in flow in the Yukon and Taku Rivers.

Costs of these large hydroelectric projects run into the hundreds of millions of
dollars, topped by Rampart, which has been roughly estimated to cost between 1 and
1.5 billion dollars. Cost of power at the sites, even with reasonably high load factors,
will probably amount to from 2 to 4 mills, and if the power is transmitted very far
costs of one to several mills may be added. Costs of power at most of the smaller
sites are not low (below 5 mills per kwhr), but generally are estimated as somewhat
high (above 10 mills per kwhr). Capital costs of thermally generated power plants are
far below those for hydro power, and it is altogether possible that thermally generated
power from recently discovered natural gas or from more cheaply mined coal in south-
ern Alaska may be highly competitive with hydro power in supplying small- to medium-
sized demand. Much less time is needed to construct thermal than hydro plants.

Prospects for use of hydro power in the Area by large electrometallurgical and
electrochemical industries making such products as aluminum, ferroalloys, iron and
steel, calcium carbide, chlorine, caustic soda, and phosphorus, are not encouraging.
This reduced interest stems from: (1) the fact that hydro-power costs have risen sub-
stantially in the past decade while costs of thermally generated power in or near
product~consuming areas have remained about the same or even been reduced, with
the severe shrinking of the margin between the two; and (2) the growing interest in use
of hydro or thermally generated power in other parts of the world closer to available
resources, coupled with nationalistic trends abroad that force more and more use of
local power to process indigenous raw materials to higher levels of manufacture.
Based on known occurrences, Northwest North America is deficient in the major raw-
material resources processed by these large power-consuming industries, and the
distant location from resources and markets is a severe obstacle to power usage in the
Area. The most promising possibility is for use of around 200,000 kw for electric
smelting of the large iron deposits near Klukwan to produce, say, 1 million tons of
steel annually; but the hydro project would have to be financed by other parties and
power supplied at around 4 mills or less per kwhr to make this at all attractive.

In surnmation, the future energy-use picture in Northwest North America will be
characterized by increasingly keen competition among the various energy sources -
hydro, coal, gas, and oil, with nuclear sources perhaps becoming competitive in iso-
lated locations a bit farther in the future. This competition is concerned at present
with very limited local markets in the Area, and even a doubling or quadrupling of such
local markets in the next 20 years will still amount to only relatively small de:nands.
Markets for large blocks of the potentially low-cost hydro power in the Area may de-
velop for processing materials, but this power must compete with huge potentials of
cheap hydro and thermal power elsewhere in the world. Transmission of large blocks
of hydropower from the Peace River region to heavy power-using areas to the south is
quite possible by 1980,

Fish. The fisheries of Northwest North America, confined primarily to the coasts
of Alaska and British Columbia, contribute significantly to the economy of the Area —
$33.1 million in Alaska, and $49. 6 million in British Columbia for value of catch in
1958. In addition to these values of catch, the processing of fish, primarily canning of
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salmon, produced wholesale values of $84 million in Alaska, and $98. 2 million in
British Columbia for that year.

There have been better years than 1958, but contrary to some dire predictions
that the industry will continue its decline, even to virtual depletion, improved research
methods and better control measures by the industry itself and by governmental super-
visory agencies are demonstrating that healthier conditions for the industry are devel-
oping. The sharp rebound in the Bristol Bay salmon catch in 1960 supports this belief.
In view of these developments it has seemed reasonable to predict an increase in value
of catch of $14. 1 million in Alaskan fisheries and $7. 9 million in British Columbia,
annually by 1980.

By and large, transport needs are adequate for the fisheries, located as they are
along the coast. The patterns of distribution for canned and frozen fish do not indicate
any likely appreciable change, by virtue of new roads in Alaska, from the use of rail
from Prince Rupert or truck and rail from Seattle in reaching markets to the east. It
is considered possible that some refrigerated fresh-fish products and some frozen fish
would be shipped over an alternate highway routing from Southeastern Alaska, if made
available, but the possible tonnage involved is insufficient to lend strong support to a
decision to build a road.

Furs. Until recent years, the values of furs produced in Northwest North
America have represented significant contributions to the economy of the Region. For
Alaska the Pribilof fur seals have constituted the major portion of total fur values, but
the number of seal pelts has dropped drastically during the past 4 years. In all of
Northwest North America wild fur trapping continues to be an important source of
livelihood for the Eskimo and Indian, although subject to erratic yearly fluctuation in
cash return because of changing prices, fashion change, and other factors. Fur farm-
ing has appeared to grow in importance, but it, too, has been subject to uncertain
profitability. Improved transportation facilities are unlikely to contribute effectively
to bettering the fur business in the Area.

Agriculture. For various reasons, such as distance from large markets and
farming supply centers, small and erratic local populations, and climatic conditions,
agricultural development in Northwest North America has been slow. In Alaska, only
about 8 per cent of local needs are satisfied from local production, compared with a
physically possible degree of self-sufficiency estimated near 50 per cent, although
25 per cent appears to be a more realistic goal. Farm production in northwestern
Canada, primarily in British Columbia and Alberta, accounts for less than 10 per cent
of the total agricultural production of these provinces, and is confined essentially to
grain and forage seed crops in northwestern Alberta, and is divided about equally be-
tween animal products and field crops in northern British Columbia.

Transportation needs for agricultural development in Alaska are primarily for
improved roads to make service to local markets easier. Lower transportation costs
between Alaska and the lower 48 states would be most helpful in regard to lowering
costs of farm machinery and supplies, but initially would be expected to increase the
advantages of imports over local production of agricultural foods. In northwestern
Canada, some improvement of local roads would improve the internal distribution of
agricultural products and farm supplies, but for the principal production areas
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transportation facilities to major outside markets are deemed adequate and no deter-
rent to agricultural expansion.

Adequate agricultural development to meet the attainable needs of the Area’s
growing population in the next 20 years.can be met by (1) more intensive operations on
presently occupied and cleared land, (2) operations on presently occupied but uncleared
land, (3) operations on unoccupied, uncleared land.along present roads, and (4) opera-
tions on nearby extensions of present road systems. In no case would construction of
new major internal highways be justified for the express purpose of developing agricul-
ture in distant areas, since most of the potential acreage needed for expansion is within
or adjacent to existing settlements.

Resource-Based Manufacturing
and Related Industries

The possible effects of potential resource development on the economy of each
segment of Northwest North America by 1980 are shown in Table I-1. These are ex-
pressed in terms of estimated increases in basic industry workers, population, ton-
nage output, value of product, and payrolls. As can be seen, the effects could be very
gratifying over the next 20 years for the Area as a whole, and for Alaska, northern
British Columbia, and northwestern Alberta in particular. Since less is known about
the Yukon and Northwest Territories, the future there may only need an increased ex-
ploration effort to create significant numbers for the Territories' development potential.

For Alaska the significant numbers are those showing a total possible population
increase resulting from resource-based industries of about 170,000 persons and in-
creased payrolls in these industries of about $210 million annually, by 1980. In addi-
tion to the direct industrial-payroll increases, there should be an almost equivalent
amount paid to those working in supporting activities and services, since the assump-
tion has been-made that one industrial worker generates the need for one secondary
industry or service worker. An estimated total payroll increase, then, of $420 million
annually would thus be developed. Total value of new product of the basic industries
has been estimated at about $596 million, annually.

~In northwestern Canada the total population increase by 1980 could be 168,000
and increased payrolls in resource-based industries could be $139 million by then. On
the basis of the 1:1 ratio of basic to supporting workers previously used, there would
be an approximate payroll increase of $278 million. Total value of new products of the
basic industries in northwestern Canada has been estimated at about $818 million
annually.

Thus, for all'of Northwest North-America, development of resource-based indus-
tries could bring about a total population increase of about 338,000 and a total annual
payroll increase for these industries of about $350 million by 1980. Value of new prod-
ucts of the basic industries has been estimated at over $1,400 million annually by 1980.

These numbers:.could be quite conservative if new major discoveries and devel-
opments of the resources should come about, although there dre included in these esti-
mates. some highly conjectural metal and mineral developments. Also, drastic changes
in the military and government construction picture could greatly influence such opera-
tions as coal mining, cement manufacture, lumbering, and others. The outcome of



TABLE I-1. ESTIMATED INCREASES IN POPULATION, ANNUAL OUTPUT, ANNUAL VALUE OF PRODUCT,
AND PAYROLLS THROUGH RESOURCE DEVELOPMENT, BY 1980

Alaska Yukon and Northwest Territorles Northem British Columbia Horthwestern Alberla
Anngsl Output,  Value,  Number éayroll Amnual Quiput,  Value,  Number  Payroll Amnual Qutgut,  Value,  Number  Payroll Annual Quiput, Value, Number  Payroll
short tons unless milllons of Besle Increase, Population  short tons unless milllgns  of Baslc Increase, Population  short tons infess  mifllons of Basic Increase, Populetion  short tons unless millions of Basle Increass, Populaticn
Industry noled otherwlse  of dollars  Workers 3000 Increase noted otherwise of dollers Workers 3000 Increase noled otherwise of dollars  Workers  $D00 Increass noted otherwise of dollars  Workers  $D00 Iner
Metats and Minerats
1ron Ore 2,925,000 230 9% - 5,700 - - - - - - - - - - 350,000(0) ] . - 3,000
Copper 210,000 4.0 900 - 5,400 - - - - - 411,000 610 1,600 - 9,600 - - - - -
Lead, Zine, Silver - - - - - 70,000 8.0 300 - 1,800 2,000 5.0 100 - 600 - - - - -
Tungsten - - - - - 2,500 3.2 150 - 900 - - - - - - - - - -
Marcury 500 25 100 - 600 - - - - - - - - - - - - - - -
Asbestos - - - - - 30,000 8.0 0w - 2,400 - - - - - - - - - -
Nickel and Copper - - - - - 8,000 30 50 - k] - - - - - - - - - -
LImestone 1,500,000 15 100 - 600 - - - - - - - - - - - - - - -
Total Metals end 4,695,500 67.0 2,050 13,700 12,300 110,500 2.2 900 4,850 5,400 441,000 66.0 1,700 9,200 10,200 350,000 5 500 2,100 3,000
Minerals
Coal 1,000,000 10.0 400 4,000 2,400 Minor Minor Minor
ofl 25 milllon bbi 60.0 50 million bbi 1200 55 miltion bbl 1320
Gas Wbilncu it 150 } 350 2000 21,000 Unknown 400 bitlion cu t eo.o} 5000 00 DD pigmen 20 } 150 1600 21,000
Forest Products
Pulp 600,000 90.0 3,500 26,000 21,000 inor 525,000 8L0 3,100 13,000 18,600 420,000 63.0 2410 8,700 14,460
Lumber 66 million bd fit 6.6 600 3,900 3,600 213 million bd R 23 198 6,600 11880 A3mifllonbd i 203 1,980 6,600 11,660
Fish (Catch) 200 million Ib 4.0 None 14,000 None Nil 90 million 1b 8.0 None 8,000 None NI
Agriculture - 3.0 1200 13,000 1,800 Minos - 40 - - Nong - 16.0 - - Nons
Tourism - X 14,600 87,600 87,600 - 510 2840 1700 14,00 - 9.0 4390 219%0 2%6,% - 5.5 25 1,378 1,650
Miscellaneous
Food processing - 10.0 1000 6,600 6,000 Unknoyn Unknown Unknown
Electro process () 1,245,000 622 1% 9,60 7,500 - - - - - - - - - - - -
Cement 500,000 bbl 30 10 400 20 - - - - - - - - - - - - - - -
Total miscellanesus - 5.2 2,30 15,600 13,92 - - - - - - - - - - - - - - -
Total, all resources - 595.8 8270 210800 169,620 - k2 3240 16,550 19,440 - 4593 16,170 84,750 97,020 - 285.8 8,665 37,97 51,930

(1) Includes pig lron, stesl end calcium carbide. Value shown for plg Iran and siesl repressnts value sdded by manufecture, not Including valus of lron concentrates shown at tap of table.

(2) Steel.
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1-14

foreign-trade promotion and negotiation, particularly with the Far East, could have a
considerable effect on the minerals, forest products, fertilizer, petrochemicals, and
other industrial developments. Finally, since the effects of tourism development loom
large in the estimated totals, all of the segments of Northwest North America must be
as cooperative as possible in developing and improving transportation facilities, tourist
accommodations and services, and promotional activities if tourism is to make the
hoped-for contribution to the over-all economy.

Projections of total population and value of products from principal industries in
the Area in 1980, compared with data for the late 1950's, are given in Table I-2.

Present and Planned Transportation Facilities

Freight movements in and out of Northwest North America, totaling somewhat
more than 2 million tons, are predominantly waterborne, with only minor tonnages by
air and by long-haul trucks. Passenger movements, conversely, are mainly by air,
with a fairly large portion by highway, and relatively few movements by water. Both
freight and passenger movements have been undergoing change over the past decade,
with freight being carried more and more by bulk cargo barges and van-barges at the
expense of large dry-cargo ships, and with passengers moving more and more by high-
way at the expense of air carriers, percentagewise.

|  Improvements in transportation facilities that have lowered costs, increased
speed, or brought about a combination of the two, and in the case of passengers travel-
ing by auto, reduced discomfort, have induced such changes in the patterns of move-
ment. Continuing and accelerated efforts to further improve transport service and
costs are in evidence. Some of these are in the hands of private enterprise, notably
the water and air carriers, while others, such as those affecting roads and highways,
are being pushed by state, provincial, and federal governmental agencies. Several
rail developments in Canada are being planned by both private groups and governmental
agencies as follows: Pine Point on|Great Slave Lake to connect with the Northern
Alberta Railway; the Pacific Northern Railway to connect Summit Lake, B. C., north
of Prince George on the P.G. E. with the British Columbia-Yukon border south of
Whitehorse; and the northern extension of the P, G. E. from Fort St. John to the Beatton
River area, and a possible connection with the Pine Point line at the British Columbia
border.

Basically, pioneer development roads and roads to established resources receive
preference in Canadian programs mainly on the premise that more miles of road can be
built of this type (gravel) and that they serve a better initial purpose than more costly,
paved highways. The paving process, it is agreed, can take place at a later date when
volume of passenger traffic, requiring greater comfort, develops.

Alaskans are keenly interested in pioneer roads, but there is also great pressure
to provide paved roads that permit more comfort and speed for tourist and intrastate
residential travel. In view of the growth in tourist travel that is visualized and the de-
pendence of this growth on considerable improvement in highway facilities, both as to
miles and quality of road, programs to provide such improvement appear to be most
appropriate. Coordination of state, provincial, and federal programs and policies is
essential to the maximum realization of the benefits from each program.



TABLE 1-2, PRESENT AND PROJECTED VALUES OF PRODUCTS IN RESOURCE-BASED INDUSTRIES, AND ESTIMATED TOT AL POPULATION 1958 AND 1980(3)

Value of Indicated Products, millions of dollars

Metals and Forest Fish Tourism
Minerals Coal 0il Gas Products (Catch) Agriculture  (Expenditures) Total Population

Alaska :

1958 21,4 7.0 Minor Nil 27.0 33.1 4,1 66.0 159,2 b 224,000 %1960)

1980 88.4 17.0 60.0 15,0 123.6 4.1 39.7 289, 0 755,002 393, g2kP)
Yukon and Northwest Territories

1958 11.8 Minor 1.0 Nil Minor Nil Minor 5.9 18.17 12,200 {1956)

1980 34,0 Minor  Unknown Unknown Minor Nil Minor 57,0 91,0 31, 640
Northern British Columbia

1958 9.8 Minor 1.0 3.9 117.0 49, 6 (1956) 7.7 7.0 196,0 57,700 (1956)

1980 75.8 Minor 121.0 63.9 219.3 57.6 11,7 106.0 655.3 154, 720
Northwestern Alberta

1958 Nil Nil 12.9est. 3.6est. 16.0 Nil 32,6 (1956) 14,5 79.6 70, 000 (1956)

1980 25 Minor 144.9 26.6 100.3 Nil 48,6 20,0 365.4 121,990

Total in 1980 223,2 17.0 325.9 105.5 443,2 104.7 100,00 472.0 1,866, '7(b) 701, 9'70(]’)

(a) Source: Bureau of the Census, Dominion Bureau of Statistics, Alberta Bureau of Statistics, British Columbia Bureau of Economics and Statistics, Battelle estimates,
(b) Total value of product and total population figures for Alaska and Area in 1980 include $75,2 million and 13,920 persons, respectively, arising from food processing,
electroprocessing and cement manufacture shown in Table I-1,

Note: Above estimates, especially of population, assume continuation of military and Government activities at about 1959 levels for the period 1960-1980.
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The Southeastern Alaska ferry system has received long and serious study in the
past, and has not been analyzed in this study. It is considered to be a planned project.
It involves daily service from Prince Rupert to Haines and Skagway (less frequent in
the winter\), with intermediate stops at main communities enroute, and side service to
off-the-route communities such as Sitka. The trip would take about 24 hours, and
vessels would include'onlly reclining seats and snack bars, with no berths for sleeping
or elaborate dining:facilities. Autos and trucks would also be carried. With the major
southern terminus at Prince Rupert, the project has strong international features, with
considerable benefit to Canada stemming from traffic flowing to and from the ferry
through that area.

Canadian interests are planning a ferry connection between Prince Rupert or
Kitimat, B. C., and Port Hardy on Vancouver Island, the northern terminus of a high-
way to Victoria. Such a ferry and highway route would further shorten the Seattle-
Fairbanks distance. The effectiveness of these systems alone should be quite notice-
able when completed, but it is not difficult to visualize even greater benefits when other
programs are completed to complement their functions. '

Much of the planning being done by water carriers, particularly that involving
transport of large containers, vans, and trailers, depends on the development of im-
proved highway facilities from terminals in Northwest North America to interior com-
munities and resource development sites. Railroads are developing serious plans for
extending rail-barge service to more areas in Southeastern Alaska.

Needless to say, some of the facilities being planned and constructed tend to pro-
duce competitive pressures that in the long run. should benefit consumers and producers
in Northwest North America. Initially, however, some of these competitive facilities
will be dividing volumes of business barely large enough now to support just one of the
facilities.

Major Potential Transport Improvements

At the request of the Commission, detailed studies of location and costs of trans-
portation irnprovgnien"ts needed in Northwest North America for resource development
were confined to major facilities linking Alaska with the southern 48 states plus major
feeder routes tying to such links. The studies on costs versus benefits of transport
facilities could be made only on the relatively few routes that appeared to have the high-
est degree of economic feasibility without attempting to probe such ratios for all pos-
sible routes.

In general, analyses of the major resources in the Area indicate that, except for
timber, oil, and gas in British Columbia and Alberta, developments based on known
resources will occur over the next 20 years in areas along or close to the coast. st. This
is true for metals and minerals, forests, coal, oil and gas, and fish. If major freight
movements result from future discoveries of mineral resources in regions back from
the coast in Alaska, Yukon Territory, and in northwestern British Columbia, these
could be handled most economically by shipping to the coast over the shortest possible
route available at that time and thence to markets by water transport. Tourism is thus
the only major economic-development potential in the Area that would benefit substan-
tially from major new or improved land-transport linkages between Alaska and the
southern 48 states.
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Highways. Cost summaries of the various highway sections comprising the in-
tegrated highway system needed to provide the convenience and flexibility of movement
to attract the number of highway travelers foreseen as possible by 1980 are as follows:

(1) Alaska Highway. Relocating and upgrading, where necessary, and
asphalt surface treating from Charlie Lake (north of Ft. St. John) to
the Yukon Territory-Alaska boundary, a distance of 1169 miles. Cost
of improvements is estimated at $102. 3 million, includirig $1 million
for replacement of a bridge south of Charlie Lake. During 1960, about
30 miles of the highway north of Charlie Lake was paved, so the cost
estimate would now be somewhat less. Distance from Seattle to Fair-
banks via this route is 2367 miles. '

(2) Constructing an asphalt-surface-treated highway (Route 5) connecting
Hazelton, B. C., with the Alaska.'Highwa.y at Jakes Corner, Y. T.,
using a section of the Stewart-Cassiar Road now under construction and
upgrading the present road from Atlin to Jakes Corner. Estimated cost
is $60. 2 million. Distarnice from Seattle to Fairbanks by this route
would be 2081 miles, or 286 miles shorter than via the Alaska Highway.
On the other hand, distance to Fairbanks from all points south and east
of Edmonton, Alberta, by this route would be 225 miles farther than by
using the Alaska Highway. Eventual completion of the road between
Jasper, Alberta, and Prince George, B. C., as planned, will result in
actually shortening the distance to Fairbanks from the east and south,
going via the Hazelton-Jakes Corner route. This route would'pass
through Calgary, but would bypass Edmonton. But Alberta also has
plans to cut‘a road southeast from near Grand Prairie to Calgary, short-"
ening the route via the Alaska Highway. Effects of these developments
on automobile travel to the Area have not been studied-in detail; they
would contribute importantly, however, to the effectiveness of the inte-

- grated highway system in’attracting tourists to the Area. 7

(3) Constructing a new asphalt-surface-treated highway from Popof Creek
(eastern end of programmed Mitkof Road along the north bank of the
Stikine River near the British Columbia-Alaska boundary) up the Stikine
and Iskut Rivers to a junction with the Stewart-Cassiar Road. Dlstance
is estlmated at 96 m11es, ‘and’ constructlon cost at $23 8 million.

(4) . Relocatlng, upgrad1ng, and asphalt surface treating the Halnes Cutoff
- -from 23. 3 miles north of Haines, Alaska, to Haines Junctlon, Y. T.
Present dlstance is 159 miles, and the total distance using the relocated .
_-40-m11e stretch would be reduced to 143 miles. Estimated cost is
$16 5 million..

(5) Constructing a gravel road from Juneau up Taku Inlet and the Taku River
to the British Columbia boundary and constructing a new asphalt-surface-
treated highway to a junction with the proposed Hazelton-Jakes Corner
road south of Atlin. Location and costs were studied only for the
Canadian portion, since Alaska highway officials have surveyed the
Alaskan part. Distance from Juneau to the Canadian border is 52 miles,



I1-18

and from the Canadian border to the junction point south of Atlin, 71
miles. Costs are estimated as follows:

For Canadian Section $17. 6 million

For Alaskan Section, estimated by
Alaska officials, including
ferry and facilities 20. 0 million

Total $37. 6 million

Costs are also given in the report for these and other alternate routes from
Hazelton to Jakes Corner for a gravel highway and for a highway paved with 2 inches of
asphaltic concrete.

There is considerable description in the report of problems of highway construc-
tion and maintenance in the Area, and more details are given in Supplement I, the re-
port by Brown & Root, Inc., of Houston, Texas, who made the preferred location and
cost studies .for Battelle. Reasons are given for preferring the asphalt-surface-treated
highway over the asphaltic-concrete-paved highway. Conclusions of Brown & Root are
that year-round maintenance costs for a paved or surface-treated highway will be
roughly similar to those for a gravel highway, with a realistic over-all average of about
$2500 per mile per year.

Typical examples of intra-Alaskan roads of special value to resource development
are also given, with rough location and cost estimates presented. Such might be typi-
fied by a secondary, ''pioneering'' road extending from Browne (south of Rex) westward
and southwestward through Kantishna, skirting the north slope of the Alaska Range to
the vicinity of Farewell; thence northwest to McGrath and north to Ruby; thence east to
Tanana, where it would join with a proposed road from Eureka to Tanana for which
route design studies have been made by Alaska. Such a route would provide access to
and spur exploration for minerals in the adjacent favorable areas in the Alaskan Range
and Kuskokwim Mountains. Cost of such a 572-mile secondary gravel road is roughly
estimated at $39 million. )

Rail Connections Between Fairbanks and Canadian-U. S. Rail Network. Without
any implications as to its economic feasibility, since costs-benefits were not studied by
Battelle, the Pacific Northern Railway is considered in this report as a planned facility.
This would extend from near Prince George northwestward to the Yukon Territory-
British Columbia boundary about 80 miles southeast of Whitehorse. Cost of this 697-mile
railway, as reported by Colonel Bingham to the Wenner-Gren British Columbia Develop-
ment Company, Limited, would be about $250,000,000, or about $360, 000 per mile of
main line. Costs could be reduced if some of the less essential specifications were
lowered somewhat.

Appraisals of known resources indicate that potential freight traffic to 1980 along
a railroad between the Y, T, -B.C. boundary and Fairbanks would be quite limited, rais-
ing serious question as to the economic feasibility of such an enterprise, Any sizable
freight movements arising from future resource discoveries would probably move most
economically via shortest route to tidewater and thence to markets by water shipment ~
especially true for shipments involving Japanese interests and markets,
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Rough cost estimates were made for a railroad linking Whitehorse with the termi-
nus -of the Alaska Railroad at Eilson Air Force Base southeast of Fairbanks. The route
chosen was northward from Whitehorse near the Mayo Road to Carmacks, thence follow-
ing the route surveyed by the U. S. Army Corps of Engineers in 1942 along the Yukon,
White, and L.adue Rivers to join the Alaska Highway route just east of Tetlin Junction

.{about 20 miles east of Tok Junction). Distance from Whitehorse to Eilson would be
about 590. miles, and estimated cost at $250,000 per mile would total about $147,500,000,
:Assum1ng interest charges of 5 per cent and amortization over a 50-year-period, annual
‘charges for capital recovery would be about $8 million. Annual opérating costs at an
assumed $15,000 per mile would total about $8.9 million which could be reduced sub-
stantially by. striet economies and possible ]01nt operations with the: PNR and Alaska
Railroad. Total annual charges would approx1mate $16 9 million at the assumed $15, 000
"per mile operating co5st rate. Annual passenger revenues are estimated liberally at
$400,000, 1eav1ng about $16. 5 million per year to be met by freight traffic,

Most of the limited known potential tonnages to and from the Fairbanks area and
east central Alaska would probably continue to move most economically over rail and
truck via Anchorage, Seward, or Valdez, rather than by a much longer rail haul via
Whitehorse and Skagway. Best potentials for freight movement over a Whitehorse-~
Fairbanks railroad would be from western and central Yukon Territory; Battélle can
visualize a maximum potent1a1 by 1980 of some 300,000 tons annually, based on develop-
“ment of known mineral resources and supplies needed for their exp101tat1on for move-
ment over such a line, with an average length of haul of arcund 200 miles, Much of this
potential might continue to be moved by truck to Whitehorse. At an average revenue of
5 cents per ton mile, dictated by present competition of efficient large-scale trucking of
minerals.and supplies, such-a freight volume would prov1de total annual revenue of about
$3 million — short by $13. 5 million of meeting total revenue for break-even operation,
or by $5.5 million if amortization and interest charges are omitted. These figures -
would be lowered to $8.8 million and $0.7 million if operat1ons costs were lowered to
$7,000 per mile.

Indirect benefits could include: (1) taxes from railroad employees' income and
from service 1ndustr1es and employees generated by the rail employees, (2) taxes from
expenditures made in Canada and Alaska by tourlsts traveling over the railroad, (3) pos-
sible rental of right-of-way for pipe lines or-power lines and of communications system,
and (4) taxes from increased land values and industries generated by the presence of a
railroad, These involve either minor benefits or such highly conjectural factors as to
preclude the making of meaningful future estimates.

If the railroad were financed by Canadian and U, S, governments, with po,éSi‘ble
omission of annual amortization and interest charges, annual financial operating state-
ments might appear more attractive as cited above, But unless the indirect benefits can
equal these interest and amortization charges (and much time would be required to
attain them at best), such treatment must be considered virtually an outright subsidy,
since governments, like anyone else, must pay for the use of money, via the tax-paying
public.

For pioneering purposes in "opening up'' a country ‘with resources yet unproved,
Battelle feels that economics favor the use of a moderately good highway served by
efficient motor transport, which also serves the automobile tourist traffic. Railroads
can be appropriately considered when large tonnages of resources requiring rail trans-
port are proved through developments sparked by transport via highways.

70243 O -61 - Vol, 2 ~3
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Costs Versus Benefits of an Integrated Highway System

The "Tourism'' section points out the severe limitations of present surface trans-
portation as a mechanism for attracting really large numbers of motorists to the Region
comprising this study. Using these components as a base, however, it was possible to
evolve a complete system that would have the necessary flexibility and convenience to
attract by-1980 an estimated.370,000 highway passengers from outside the Region to
Alaska and an estimated 350,000 highway passengers from outside the Region to Canadian
destinations.

The major components of th1s integrated system are the Alaska nghway and a new
hlghway (Route 5) from Hazelton, B. C., to a junction with the Alaska Highway at Jakes
Corner. To be attractive, both of these highways would need to be upgraded to provide a
paved surface suited to high-speed travel and convenience. The needed flexibility of the
system would be obtained (1) through feeder routes from Route 5 to the Petersburg-
Wrangell area and to the Juneau area, (2) through improvements of the Haines Cutoff to
make all-year travel more practical, and (3) through installation of the planned South-
eastern Alaska-and Port Hardy ferry services.

Estimated costs for this system, exclusive of the costs of the ferry systems which
are.assumed to be self-supporting, are about $240 million. Annual amounts needed to
recover the capital investment over a 20- -year period at a 5 per cent interest rate would
be about $19 million.

Annual maintenance costs for the estimated 1969 miles in Canada plus 85 miles in
Alaska would be about $5 million, at an assumed average annual maintenance cost of
$2500 per mile. On the other hand, over 75 per cent of the proposed system comprises
upgrading existing roads (plus the Stewart Cassiar Road)already requiring annual main-
tenance. Assuming that maintenance costs for the upgraded roads would be roughly
similar to present rates (sée discussion by Brown & Root in Supplement I for more de-
tail on this subject), new maintenance costs chargc’.'able to the system would comprise
418 miles,in British Columbia and about 65 miles in Alaska. Costs of maintaining the
Haines. Cutoff as an all-year road would also require substantial additional maintenance
on about 60 miles in Yukon Territory and 40 miles in British Columbia.

‘Based on the foregoing assumpt1ons and mcludmg ‘the Canad1an portion of the '
Haines Cutoff, new annual maintenance costs at $2500 per mile would be as follows:

British Columbia - 458 miles at $2500/mile = $1. 15 million

Yukon Territory - 60 miles at $2500/mile = $0. 15 million
Alaska - 65 miles at $2500/mﬂe = $0 16 million

Estlmated annual 1ncreased gasohne tax revenues by 1980, based on 1960 tax rates,
that may be. der1ved from. 1nterreg10nal travelers within the. Reglon would be about $3.9
million, distributed as follows:

Alaska - $1.1 million

British Columbia - $1, 5 million
Yukon Territory - $0. 4 million
U. S. Government - $0.9 million,

Each of these potential additional revenues is greater-than'the estimated cost of:
maintaining the new sectors of road within each governmental boundary. There would,
of course, be additional tax revenues obtained from intra-Regional users of the system,
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On the other hand, some portion of the revenue obtainable from interregional travelers
should be apportioned to maintenance of other roads used by such travelers within the

Region,

Tangible benefits to the Region would be derived from expenditures by inter-
regional highway travelers within the Region, These expenditures are estimated to
amount to about $280 million annually by 1980, of which $146 million would be spent
in Alaska and $132 million in Canada.

Average tax revenues over the past several years as a percentage of Gross
National Product (GNP) have been as follows:

U. S. Government - 15-1/2 per cent
State and Local Governments - 6-1/2 per cent
Canadian Government - 14 per cent

Provincial and Municipal Governments - 6 per cent.

Using these percentages as a basis, the total estimated revenues in 1980 obtained
from expenditures by "'outside' travelers in the Region would be about as follows:

U. S. vaernment $23 million
Alaska State and Local Governments 9.5 million
Canadian Government 18.5 million
Provincial and Municipal Governments 8 million
Total $59. 0 million

Subtracting the estimated 1960 tax revenues of $7 million obtained from inter-
regional highway travelers gives an estimated increase in annual tax revenue by 1980
of $52 million, or almost 2.5 times the annual costs of amortizing and maintaining the
integrated system. If secondary and tertiary effects (repeated dollar turnover) on taxes
obtained as a result of the expanded expenditures were taken into account, the tax re-
turns over a period of years would, of course, be substantially greater. The estimated
time for recovery of the capital costs involved in constructing the system at 5 per cent
interest, including annual additional maintenance costs of $1.5 million, would be about
13 years.

In addition there would be many intangible benefits both to the traveler and to
various sectors within the Region. Some of the more important intangible benefits
would include (1) increased comfort and sdfety to the traveler, (2) improved access to
forest areas and to probable mineral-bearing lands requiring intensive exploration to
assess their true potentialities, (3) lower auto travel costs from reduced maintenance,
(4) time saved enroute, (5) pleasures and freedom of land access by automobile between
many more communities and recreation areas, (6) faster truck movement permitting
more frequent and varied service and eventually lower rates, (7) improved intraregional
and interregional communication at all seasons.

Financing the Program

The vast expanse of Northwest North America and the extremely low density of its
population make it impossible to develop interregional highways whose traffic densities
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will be sufficient to recover the costs of building the roads through normal direct taxes
on highway users, On the other hand, in the absence of a suitable transportation system
both the rate of growth and the absolute economic development of the Region may be
materially and unnecessarily retarded. This premise is, in fact, the primary reason
for the present study. The findings indicate that travelers from outside the Region
offer one of the best opportunities for economic growth of the Region and the principal
resource requiring development of an improved interregional transportation system for
its full economic potential to be realized,

It has been shown that the costs of new and additional maintenance requirements
for the integrated highway system would be more than offset by the gasoline taxes within
each governmental entity within the Region. Moreover, while financing of the building
of the new and improved roads would have to be by appropriate governmental action, the
estimated additional tax revenues obtainable from the expenditures of potential travelers
within the Region would be substantially greater than the costs. More importantly the
economy of the Region would be vastly expanded through generation of capital within the
Region for its economic growth and well being and at a much earlier time than would be
possible otherwise,

Virtually all of the program presented involves building of new roads in British
Columbia and improving existing roads in British Columbia and Yukon Territory. On
the other hand, Alaska would be the principal beneficiary from expenditures by inter-
regional travelers within the Region, these estimated expenditures in Alaska being
eésentially equal to the combined expenditures in British Columbia and Yukon Territory.
Benefits to be derived by inhabitants of the Region through use of the system would be
substantial for all parties. Intangible but very real benefits would also accrue to visitors
from other parts of Canada and the U. S., and other countries,

Because of the international considerations involved it. would be inappropriate to
suggest specific recommendations as to how government financing might be distributed
among the various interested parties. This is a matter that can be decided only after
proper international discussions leading to acceptance by the various governments of the,
premise that the proposed program would not only be self-sustaining but is deemed of
sufficient importance and urgency to command the appropriation of the needed monies.

Conclusions

In a study as broad in scope of subject and covering as large a geographic area as
the one being reported, conclusions can be very large in number, covering considerable
detail. Much of this detail,- in the nature of "conclusions', has already been included in
the rather expanded preceding ""Summary''.

To be given here are the broader conclusions of major import in obtaining a con-
cise picture of the results of the study, From the objective and realistic approach to
and conduct of the study made by Battelle, the following conclusions have been drawn.
These exclude any consideration of strategic military factors related to transport needs
of the Area, and assume continuation of military and Government activities at about
1959 levels.
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Tourism offers the most promise for immediate and continuing returns that will
contribute importantly to the economic health and growth of Northwest North
America. By 1980, a potential of 850,000 travelers annually is foreseen for
Alaska, plus an additional 550,000 having destinations in Canada. Increased ex-
penditures by travelers within the Area should increase progressively to about
$380 million annually, This growth can be attained only if great improvements
are made in transport facilities, accommodations, services, and promotional
activities.

Based largely on plausible projections from presently known deposits, oil and
natural-gas potentials for the Area are large and will make major contributions
to the economic growth of the Area in a period 5 to 20 or more years hence. The
increase in annual value of oil and gas produced by 1980 at assumed 1960 price
levels for full-scale production is estimated to be in excess of $400 million, Ex-
penditures by the oil companies at that time should be of the same magnitude.
Major future discoveries that may be made in favorable petroliferous regions in
the Area could boost these future economic impacts very substantially. An in-
crease in annual value of coal production amounting to $10 million is also deemed
possible.

Development of the Area's vast forest resources already well started, will pro-
ceed in 20 years to the full utilization of the sustained annual yield of the Alaskan
Coastal Forest and substantial development of the forests of north-central British
Columbia and northwestern Alberta, Pulp mills will consume the lion's share of
this additional timber, By the end of the 20-year period the rise in value of forest
products at 1960 price levels is estimated to be almost $300 million annually.

Potentials for major new metal and mineral developments other than fuels depend
largely on discovering larger and/or richer deposits than are now known to occur
in the Area. Best chances for future commercial development of known occur-
rences involve many deposits on or reasonably close to the coast, Iron ore,
copper, mercury, lead-zinc-silver, tungsten, asbestos, and limestone offer most
promise for developments from known deposits in 5 to 20 years, The Area is con-
sidered good "hunting ground'' for metals and minerals, The annual value of
metals and minerals produced at 1960 prices may increase between 1960 and 1980
by about $180 million. High costs are a serious obstacle to future developments,
especially in Alaska.

Assuming the fishing industry conforms with state conservation programs, the
Alaska long-range state salmon rehabilitation program is effectuated, and effec-
tive international agreements are worked out and adhered to, the average fish
catch will rise substantially above recent low levels, Increase in annual value of
the fish catch at 1960 prices during the next 20 years should be about $22 million
by 1980, '

Additional agricultural produce needed to supply up to 25 per cent of the needs -of
Alaska's growing population can best be produced by more intensive cultivation
and development of lands on or adjacent to roads now serving agricultural regions
in the state., An annual increase in value of farm products amounting to about
$55 million is believed to be attainable by 1980 from the entire Area.

LS
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® Foreseeable possible development of tourism, resources, and resource-based

industries in the Area in 20 years may result in a total population increase of al-
most 338,000, an annual payroll increase by 1980 of about $350 million, ‘and out-
put of new products valued at over $1,400.million annually, but these include some
highly conjectural developments, especially:in metals and minerals. This also is
exclusive of any major changes in military personnel and activities in the Area,

The future energy-use picture in Northwest North America will be characterized
by increasingly keen competition among the various energy sources - hydro, coal,
gas, and oil, with nuclear sources perhaps becoming competitive in isolated loca-
tions a bit farther in the future. This competition is concerned at:present with
very limited local markets. in the Area, and even a doubling.or quadrupling of such
local markets in the next:20 years will still amount to: only relatively small de-
mands. The Area contains tremendous undeveloped hydropower potentials, “total-
ling some 30 million kilowatts rated as installed capacity, at least half of which is
potentially low cost with full use of the output, Careful analyses of specific mar-
kets on a world wide basis might indicate opportunities for sequential development
of these huge resources in competition with other low-cost hydro-and thermal
power potentials elsewhere in the world. Transmission of large amounts of hydro
power from the Peace River region to areas of heavy power consumption to the
south is quite - possible within this time. '

Foreseeable natural-resource developments from presently known occurrences in
the next 20 years in general will not require extensive land'transport of freight
over new Or improved major roads or railroads. Substantial freighting that might
result from new discoveries of minerals in interior regions:will largely move most
economically by shortest land route to the coast and thence by water to markets,
rather than over long rail or highway routes to interior pomts in Canada and to the
southern 48 states, or to markets on the Pacific periphery. :

Development of an improved and integrated highway system.is. needed to provide
the travel comfort and flexibility needed for expansion of tourism in the Area. The
system ‘would comprise.the following. components '

(l)_ The Alaska I—hghway and Route 5 Hazelton B. C to Jakes
Corner, Y. T. .Construction of new and relocatlo_n and up-
grading of existing roads, where needed, and paving both
routes. :

(2) Haines Cutoff. Relocation of section between Mile Post 23 3
and Goat Creek (M1le Post 76. 5) along the ”h1gh" Kelsall ‘
River locatlon ‘to facilitate snow removal makmg all-year
travel more practlcal and pav1ng the road from Mile Post
23.3 to Haines Junétion. These 1mprovements ‘would” prov1de
additional flexibility and all-year utilization in conjunction
with the planned Southeastern Alaska fe rry system

('3) .Petersburg Route 5 nghway Constructmn of new road’ frorn
Route 5 to Popof Creek, the eastern term1nus ‘of the planned
‘State of Alaska road from Petersburg Th1s would prov1de
flex1b111ty to the traveler through Visits to Petersburg, and to
other points of interest by use of the planned Southeastern
Alaska ferry system.
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(4) Juneau-Route 5 Highway. Construction of a new road from a
junction with Route 5 south of Atlin to Juneau. This would
provide flexibility to the traveler through opportunity to visit
Juneau and to utilize the planned Southeastern Alaska ferry
system to the points either north or south,

Broad features as to location and types of road and surfacing should be as de-
scribed in Supplement I, prepared by Brown & Root, Inc. Flexibility in planning
and designing of specific sections, however, should be encouraged to take advan-
tages of features not immediately apparent in the reconnaissance-type survey
made by Brown & Root for this study. In general, indicated maintenance costs
for asphalt-surface-treated roads in the Area should be roughly similar to costs
for gravel roads, a good average figure being about $2500 per mile annually.
Specific sectors, however, could show a wide variation from the average over-all
estimated maintenance costs.

Use of asphalt-surface-treated rather than asphaltic concrete pavement is sug-
gested because of the low travel density in the Area and substantially lower con-
struction cost, However, test sections of various types should be included in any
program in order to gain a better picture as to the type or types of road surface
most economical to build and maintain over the long run.

Cost-benefit comparisons of the integrated highway systems indicate that main-
tenance costs for the system would be more than recovered within each political
division from potential additional gasoline tax revenues derived from interregional
users of the system by 1980,

Capital costs of constructing the system would be more than recovered through
additional tax revenues obtainable through the expanded economic development
within the Area made possible through the expenditures of interregional travelers
while within the Area. These expenditures also would have a compounding effect
on the Area, accelerating its economic growth potential. The estimated time for
recovery of the capital costs involved in constructing the system at 5 per cent
interest, including annual additional maintenance costs of $1.5 million, would be
about 13 years.

An expanded system of secondary development or pioneering roads is urgently
needed for accelerated exploration of Alaska's potential metal and mineral
resources,

The provision of frequent marine transport facilities for passengers, autos, and
trucks (ferry service) along the Inside Passage to connect existing road terminals
at Prince Rupert, B. C., and Haines and Skagway, Alaska, is vitally important for
the economic growth of the Area as a whole, It will constitute a ""marine highway"
link in a section where road construction is virtually impossible due to rough to-
pography and heavily indented shore lines. Previous comprehénsive studies of
this system — not evaluated in this study — have presented details and predicted
profitable operation, with which some authorities have disagreed.

Extended and improved marine barge service for railroad cars, vans, and con-
tainers between ports in Alaska, British Columbia, and Pacific Northwest states
should contribute to lower freight costs and result in economic benefits to the
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Area. . Modernized methods for transferring cargo from vessels to railroad cars
or trucks will contribute importantly. Such extension and improvement of services
of this type, already in use, is being studied and planned by numerous rail and
barge companies. ’

@ VWithout any implications as to its economic feasibility, the Pacific Northern Rail-
way is considered in the category of a planned facility. Consideration of a
Fairbanks- Whitehorse railroad, feeding freight to tidewater at Skagway via the
White Pass & Yukon Route (possibly standard-gauged), gives an estimated cost of
about $150 million and an annual operating subsidy of about $13 million, with maxi-
mum foreseeable annual freight movement-of 300,000 tons for an average haul of
200 miles. Strict economies, joint operation with the PNR and Alaska Railroad,
and low freight haul could reduce this figure substantially. The above assumes
average freight revenue of 5 cents per ton mile, dictated by present competition
of efficient trucking of minerals and supplies. Inclusion of indirect benefits, such
as taxes from increased land values, would partfally balance possible omission of
amortization and interest charges under government operation. Highways, serving
‘both moderate efficient freight movement by truck and tourist travel by auto, are
considered a better transport facility than a pioneering railroad to present-day
America for "opening up' a cubntry. having limited unproved resources.

® Uncertain as the immediate outlook may appear for many of the known resources
and resource developments in the Area,-the indomitable and venturesome spirit
of the Area's optimistic, industrious, pioneering populace will help greatly in
ultimately hurdling obstacles lying in the way of full realization of the Area's
promising economic potentials. !

@ It is vitally important that highly visionary views and concepts be mixed with a
healthy amount of realism in charting the future economic development of the
Area, and it is encouraging to note an increasing recognition of this on the part
of more and more civic and business leaders in'the Area.

_Recommendations

Since the responsibilities of Battelle to the Alaska International Rail and Highway
Commission are concerned only with the need for new or improved transportation means
designed to encourage the rapid economic developrhent of resources in Northwest North
America, recommendations are limited to this field. Nothing has been included with re-
spect to (1) action needed or desirable to encourage more accelerated resource develop-
ment unless related to transport facilities, or (2) strategic or tactical military needs.
related te transportatron to or within the’ Area

® Since the Commission is a United States agency dealing with international matters
mvolvmg Canadian’ interests, Battelle recommends that the Commission respect-
fully request the United: Stat-es Government to initiate with Canada through proper
diplomatic channels the 1mp1ementat10n of a program to construct an integrated
highway system designed to-encourage the rapid. expansion in numbers of travelers
visiting Northwest North America.
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The recommended integrated highiavé.y’system comprises the following components:

(1) The Alaska Highway. Upgrading by necessary relocations,
line improvements, and bridge replacements and asphalt-
surface treating from north of Charhe lake, B. C., to the
Alaska border, and

Route 5-Hazelton, B. C., to Jakes Corner, Y. T. Construc-’
tion of an asphalt-surface-treated road from Hazelton to Jakes
Corner, using about 282 miles of the Stewart-Cassiar Road,
Telegraph Creek R-_oad, and the road from Atlin tp Jakes Corner.

(2) Haines Cutoff. Relocatmn and shortening of the portlon of the
Haines Cutoff between Mile Post 23. 3 and Goat Creek (Mile °
Post 76.5) along the '"high' Kelsall River location to facilitate -
snow removal, making all-year travel more practical, and
upgrading and asphalt-surface ti‘eating of the entire road from
Mile Post 23.3 to Haines Junction.

(3) -'Petersburg;Route 5 Highway. Construction of a new asphalt~
" surface treated highway from a junction with Route 5 down the
Iskut and Stikine .Rivers to Popof Creek, the eastern terminus
- of the planned State of Alaska Highway from Petersburg,

'(4) Juneau-Route 5 Highway. Construction of a new road from a
junction with Route 5 south of Atlin to Juneau, Alaska. The
portion from the junction to the Alaska border should be
asphalt surface treated. The remaining section to Juneau
shonld also be paved when the Alaska State Government makes
a final decision regarding best location for the 'rqad.

Alaska and appropriate Canadian agencies are urged to develop a planned » inte-
gra.ted program to encourage travelers to the Region. This would involve a con~
sideréd assessment of the attractions within the Region, planning for and encour-
agement of the development of desired facilities to-meet the travelers' wants and
needs, and stimulating travel to and within the Region through coordinated pro-
motional activities.
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II. INTRODUCTION

Historic Background

Ever since the excitement of the Klondike gold rush first focused attention on the
potential wealth of Northwest North America at the turn of the century, interest has
turned periodically to consideration of providing rail or highway linkage between the
U. S. and the then Territory of Alaska. Subsequent major development of gold, copper,
and lead-zinc-silver mining in Alaska, Yukon Territory, and northern British Columbia
in the early decades of the 20th century confirmed the popular belief that this area was
potentially rich in mineral resources. Varied degrees of development of other re-
sources, including fish, forests, and furs, added to the modest economic growth of the
region during this period.

Interest in the need for a land-transportation connection was evidenced in crea-
tion of Commissions by the U. S. Government in 1930 and 1938 to study location and
feasibility of such a linkage by highway, with reports having been issued by these Com-
missions in 1933 and 1940, respectively. Studies concerning the feasibility, location,
and cost of a railway connection were made by the U. §. Army Corps of Engineers in
1942 and by a Joint Committee of U. S. Government Departments set up in 1950 by an
Act of Congress in 1949.

Meanwhile, action of the Japanese in occupying parts of the Aleutian-Island chain
in early stages of World War II focused attention on the critical importance of Alaska in
the U. S. defense pattern, together with the vital need for land-transport linkage of
Alaska with the U. S. Following a decision of the Joint Board for Defense in February,
1942, the Alaska Highway was built in less than a year, using none of the routes rec-
ommended in the 1933 or 1940 reports. This defense project followed a system of air-
fields strung along a route surveyed in 1935 by the Canadian Department of Transport
and chosen as the most practicable flying route to the Yukon.

Virtually all of these earlier studies of highway or railroad linkages with Alaska
stressed preferred locations and engineering feasibility and cost, with relatively minor
attention given to economic need or feasibility. '

One major study, not yet mentioned, did consider broader problems of mutual
interest to Canada and the U. S. in the economic development of northwestern North
America. This was the North Pacific Planning Project, undertaken in 1943 by Joint
Economic Committees organized by Canada and the U. S. Much attention was given to
evaluating the natural resources of the huge area under these studies'(larger than that
herein included), and the reports issued by these Committees have been helpful in the
present study. By and large, however, descriptions of resources were too general to
be of major assistance. !

Realizing the need for a thorough and complete study that would assess the eco-
nomic and military advantages of additional highway and rail linkages between the U. S.
and Alaska, the 84th Congress passed Public Law 884 in 1956 establishing the ‘Alaska
International Rail and Highway Commission and describing its duties. The Commission
decided at an early date to contract with a non-Government organization for the economic
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phases of the study. Invitations for proposals were issued by the Commission and a
substantial number were received and considered. Delays in obtaining needed appro-
priations from Congress postponed final choice and award of-the contract to Battelle
Memorial Institute until July, 1959. Consideration of strategic military factors related
to needs for improved or new transport facilities was excluded from the Battelle study.

Objective and Scope

The study undertaken by Battelle was aimed at developing and evaluating data
bearing on the following ten points specified by the Commission:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

Capabilities and economics of existing and planned tvransport' facilities
between Alaska and the U. S. and anticipated improvements thereon
between now and 1980.

Location, availability, and volume of resources who_sé economic ex-
ploitation is ‘'dependent upon improved or-additional transportation
facilities between the U. S. and Alaska, and the intervening areas.

Present and prospective location of local, national, and/or world
markets for such resources and present.and long-range (1980} com-
petitive position of each. '

Delivered cost of marketable resources utilizing existing transporta-
tion facilities and subsequent comparison with estimated costs, utiliz-
ing proposed additional or improved transportation facilities.

Increase in national income and population:resulting from production,
processing, and shipment of additional raw and/or finished products
to national or world markets.

Traffic and transportation revenues and taxes generated from the
foregoing.

Most feasible and direct major and feeder routes for rail and/or addi-
tional highway facilities in relation to economic benefits to be derived

therefrom by the U. S., Canada, and Alaska, taking into consideration
the proximity to such routes of suitable sites for airfields.

Estimated construction costs of additional major and feeder routes
based on aerial photos now available from U. S. and Canadian sources,
supplemented by such route surveys as may be available.

Economic feasibility of improved or additional transportation facilities
from correlated cost and revenue estimates, considering the economic
effect on present carriers. If not economically feasible, form and ex-
tent of subsidy or assistance required.

Prospects for private capital investment in the transport facilities
being considered.



1I-3. .
It was further spec;,i'ﬁed‘by- the Commisesion that:

"In performing its responsibilities under this contract Battelle shall
pla.ce emphasis on the determination of the location, availability, and extent
of undeveloped natural resources in Northwest North America, the exploita-
tion of which is dependent upon additional transportation facilities; and
Battelle shall make a forecast of the market demands and competitive posi-
tion of each of these resources in world markets during the next 20 years.
Battelle shall take into account the role of technology as it may affect the
development or substitution of materials or products. The volume and loca-

tion of these marketable products and the cost of construction and operation
of proposed tra.nsp_ortait_ion facilities shall provide a cost-benefit ratio, _and_"
such ratio shall provide a basis for conclusions and recommendations to be
made by Battelle to the Commission. "

*Battelle shall study, analyze, and appraise the economic development
potential of Northwest North America as it is related to additional main and
feeder transportation needs between Alaska and the other forty-elght States,
and shall determ1ne the economic benefits to be denved by Alaska, the other
forty eight States ,,and Canada.'

The above aims and objectives as outlined by the Commission have served as
. guideposts throughout the study. However, because of the vast scope of subject matter
and land area involved, Battelle has minimized or even omitted" consideration of many
of the above factors rela.t1ng to many different specific resources of minor importance,
concentrating its efforts on those features that in- Battelle's Judgment were of major
- importance. In so doing, Battelle has followed the Commission's instruction to ""sched-
ule its time, efforts, and resources as related to the several phases of the study in
proportion to their respectwe degrees of importance to the whole study s0 as to enable
" Battelle to arrive at defunte conclusions and recommenda.tmns in. 1‘ts final report to the
" Commission. " :

At a relatively early stage in the study it became apparent that, Jnany resources,
of vital importance to the future economic growth of the Area, are known to exist in
such small amounts or are of such submarginal grade; that any ‘major developments in
the future will be contingent on discovery of major resources in the future.. With the
agreement of the Comm1ss1on, Battelle has endeavored to keep its study stnctly objec-
tive and based largely on facts as best determined up to the present. In other words, -

.there has been no attemnpt to base future transportation needs on projections of re gource
.discoveries-obtained by any elaborate probability formulas. Efforts to project market-
ability of_reso,u;'ces 20 years into the future, however, involve many assumptions and
‘much conjecture concerning world economics and politics that have vital bearing on
demand, supply, and price of the many resources covered. In these projections major
. reliance has been placed on previous long-range estimates on resource demands made
by Government groups or by industry spokesmen, tempered by Battelle's judgment on-
‘effects of trends since these estimates were made together.with subsequent and fore-
seeable technolog1c trends affecting future demands for the resources. The compre-
hensive reports of the U. S. Paley Commission and Canada's Gordon Commission were
especially useful in this respect.. '

“Although initial plans included consideration of needs for and benefits from not
-only majoxr transportation linkage between Alaska and the other 48 states but local feeder
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and development roads as well, thesz were later modified by the Commission whereby
major stress was to be placed only on recommendations relating to new or improved
Alaska-48 states linkage routes and important;feeders to. such major linkage routes.
Comments concerning desirability of other improved transportation facilities for con-
sideration of Government transportation planning. groups were to be mentioned where
appropriate, without detailed location and cost1ng studles that would be needed for
specific recommendations. b T

Geographic Limits of Area

In early discussions with the Commission, specific boundaries of the area to be
included in Northwest North America, under ‘study, were decided-upon. This was to in-
clude (1) all of Alaska, except the Alaska Peninsula and the Aleutian Islands; (2) all of
Yukon Territory; (3) a narrow strip of Northwest Territories-as far east as the
Mackenzie River southward to 120°W longitude, thence.southeastward by straight line
to the intersection of 115°W longitude and 60°N latitude;~(4) the .northwest quarter of
Alberta, bounded on the east by 115°W longitude southward to Lesser Slave Lake,
thence southwestward by straight line to Prince George, British Columbia; and
(5) roughly the north half of British Columbia, lying north of the Canadian National
Railroad between Prince George and Prince Rupert. It-comprises a vast area of some
1,150,000 square miles pictured in Figure III-1 and many subsequent base maps in
the report. This southerly limit was chosen because of the general paucity of rail and
highway facilities down this far, except for the local network up:to and around the
Peace River of British Columbia and Alberta. -

In much of the text of the report this region is referred to.as the Area (capitalized)
to avoid frequent repetition of the term-of Northwest North America.

Study Methods

In tackling a study of such comprehensive .scope over such a huge area, it was .
necessary to depend heavily on previous studies that have summarized the various fac-
tors (resources, transportation, economics, etc.) fof,major portions of the Area, It.
would be far beyond the limits of time and budget to piece such a picture together from
hundreds or thousands of specific published references on highly localized matters.
Where important, however, many such localized reports were studied during the proj-
‘ect. Numerous trips were made by .the Battelle staff into the Area at early stages of
the study to obtain present data and leads on preferred information sources, and the ex-
tensive file of reports, memoranda, maps;.etc., in the Commission's library was
turned over to Battelle. "

Subsequently more recent data.were obtained by Battelle by extensive letter com-
munication and travel, during the course of which contacts were made with literally"
hundreds of experts in state, provincial, federal, and dominion governments, in com-
merce, and in industry — located both in the Area and in other parts of the United States
and Canada. Many of these organizations and individuals were also very helpful in re-
viewing and commenting on the results of the study.
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Cooperation

Generally speaking, the cooperation of all the agencies, companies, and individuals
from whom information and assistance were sought has been superb, recognizing, of
course, that certain highly confidential data on most recent developments could not be
revealed, This fine cooperation of all persons and parties concerned is gratefully ac~
knowledged. A listing of most of these organizations is given in Appendix B,

Recognizing the danger of singling out specific names for acknowledgmeht of
special assistance, it is felt that Battelle would be remiss if this were not done in the
case of the following organizations: British Columbia Department of Highways; British
Columbia Department of Industrial Development Trade and Commerce; U. S. Geological
Survey; U. S. Forest Service; Canadian Department of Mines and Technical Surveys;
and Northwest Highway Maintenance Establishment, Royal Canadian Engineers. Several
of these participated in careful review of pertinent sections of the report and offered
very helpful suggestions. Battelle is happy to acknowledge this special assistance,
making it plain, however, that such review by these organizations does not imply offi-
cial approval of the results.

On behalf of the Commission, Battelle staff members briefed various Government
groups periodically concerning progress and tentative findings of the study, including
officials in Alaska, British Columbia, Yukon Territory, Alberta, and the Dominion
Government in Ottawa. Tentative findings were also discussed during May, 1960, with
groups of citizens in ten communities in Alaska and Yukon Territory.

Work of studying the preferred location and estimated costs of various highway
routes was subcontracted by Battelle to the engineering firm of Brown & Root, Inc.,
with headquarters in Houston, Texas. The excellence of their cooperation, with full-
time assistance of their engineer, James H. Burch, for several months is acknowledged.

The undertaking at Battelle was divided among a team of specialists in the various
resources, mainly from Battelle's Department of Economics, as follows: metals and
minerals, except fuels, Dr. Richard J. Lund; oil and gas, David D. Moore; coal and
hydro power, Dr. Harlan W. Nelson; forests and forest products, Leonard M. Guss;
fish and fur, Robert E. Holmes; agriculture, Konrad Biedermann and Dr. Odin
Wilhelmy; tourism, James M. Jennings; economics, Dr. George W. James and
Joseph W. Holcomb; transportation, Robert E. Holmes and James M. Jennings; and
climate, geology, and water resources, Richard J. Anderson. Dr. Lund served as
Project Coordinator with help from Messrs. Holmes and Jennings; A. C. Richardson
was Battelle's technical director assigned to the project; and the Steering Committee at
Battelle included several of the names cited above plus Dr. B. D. Thomas, president,
John S. Crout, vice president. and Ralph A. Sherman, technical director.

Major assistance in planning and reviewing work on the project was received from
Dr. George W. Rogers, economist in Juneau, Alaska, who served as consultant to
Battelle throughout the study. Further helpful reviews and suggestions were received
periodically from the Honorable B. Frank Heintzleman, regional forester and past
governor of Alaska, and technical advisor to the Alaska Rail and Highway Commission,
and from Edward W. Hassell, Office of the Under Secretary of Commerce for
Transportation,
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Finally, and most importantly, Battelle is.ha’ppy to acknowledge the éontinued keen
interest, helpful assistance, and pleasant liaison relations with Carl L. Junge, executive
director of the Alaska International Rail and Highway Commission, throughout the project,

The study by Battelle covered the periOd from approximately August 1, 1959,
through December 31, 1960, although the major portion was completed prior to sub-
‘mission of the preliminary report to the Commission on October 31, 1960. Attempts
were made to include data available up to mid-1960, with references to some later
developments included where important, such'as consideration of the Pacific Northern
Railway as a planned facility, . '
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~ III. PHYSICAL FEATURES, GEOLOGY AND CLIMATE

Physical Geography

To prepare a complete and detailed treatise on the physical geography of Northwest
‘North America is not the purpose of this study. However, the role which geography has
played in the h1story and economic development olf this huge area is certainly a major
one and this role will be equally important in the future status of the Area. Without an
understanding of its principal geographic features, no one -can fully appreciate the prob-
lems of the past or properly evaluate the future df Northwest North America. Our’
fiurpdse in this. section, then, shall be to sketch the principal features as briefly as
possible. Major physiographic provinces of the Area are sketched on Figure III-1. For
those who wish to examine the Area in greater detail, a list of references of the princi-
pal published works on this subject'is to be found at the end of this chapter.

The principal geegl_'aphic features to be discussed here are:
- The Coast
The Mountain S)?st'ems

The Gateways

The Coast

British Columbia to Cook Inlet..:The great arc described by the coastline of
Northwest North America, from northern British Columbia to Cook Inlet, has one prin-
cipal characteristic throughout its length — steep mountain slopes rising directly from
the sea., This formidable edge of the continent is often strikingly picturesque, but one
must bear in mind that the same featufes' which contribute to its scenic quality also
present natural barners to communications, -and have ha.ndlcapped the development of
the hinterland.

In the highest. regions, the mountain tops are covered by ice fields. In some areas
these ice fields are the source of large valley glaciers, long rivers of ice which often
reach the sea. These glaciers were once far greater in length than they are today, and
the sea has now invaded the valleys which yesterday were occupied by ice. Thus, the
coast has numerous steep-walled fiords, where the water is often deep enough to permit
the entry of ocean steamers. The invasion of the sea between the mountains, whose
upper portions now appear as promontories reaching far out into the ocean, produces a
"drowned'' appearance which is the 'trademark" of the coast of the Gulf of Alaska.

-Th_e great majority of the valleys that empty along the coast provide no access to
the interior. A few large rivers have their headwaters in the interior: the Skeena,
Nass, Unuk, Stikine, Taku, and Copper. The valleys of these rivers have been used as
pathways through the Coast Mountains. Cook Inlet and Prince William Sound are major
indentations and provide access to the heart of southern Alaska.

70243 O -61 - Vol. 2 - 4
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Cook Inlet to Point Hope. West of Cook Inlet the long Alaska Peninsula reaches
out to 163° west longitude, actually farther to the west than the Hawaiian Islands,
Rugged terrain marks the coastline ofthe peninsula, with volcanic peaks making up the
core of the highest ground. This volcanic zone continues westward to form the Aleutian
Islands.

From Bristol Bay, on the north side of the Alaska Peninsula, the coast changes,
Large rivers such as the Nushagak, the Kuskokwim, and the Yukon, have built deltas
into the Bering Sea. Shallow water marks the approach to the land, and the mountain
areas are subdued, low ranges, in contrast to the sharp snow-covered peaks to the
southeast.

The western coast of Alaska is indented by two great bays, separated by the
Seward Peninsula — Norton Sound on the south and Kotzebue Sound on the north. The
western tip of the Seward Peninsula, Cape Prince of Wales, is only 52 miles from the
easternmost point of land of the U.S.S.R., Cape Dezhnev, just across Bering Strait,

Point Hope to the Mackenzie River., The east-west mountain systems of northern
Alaska terminate at Point Hope, on the Arctic Ocean. From this point eastward, the
topography is soon reduced to the nearly featureless monotony of the Arctic Slope, and
the marshy tundra of the Coastal Plain. In winter, the frozen land merges with the
frozen surface of the Arctic Ocean. In midsummer, open water may separate the land
from the southern limit of pack ice.

Lakes are numerous on the Coastal Plain near Point Barrow., 'In many places
huge areas contain far more water than land'. (1)

All of Alaska, north of the Brooks Range, and all of the Arctic coast of Yukon
Territory lie within the permafrost zone. '"A common surface expression of permafrost
is polygonal ground",(l) a phenomenon characterized by great polygons of tundra,
separated by water or ice-filled trenchlike depressions.

The Mountain Systems

A complete discourse of the mountain systems of Alaska, British Columbia, and
the Yukon Territory could, and very often does, resolve itself into a bewilderigg narra-
tive of ranges, peaks, divides, and more ranges. Much of Northwest North America is
mountainous. The principal mountain systems have a profound effect on the life of
the Area, and no transportation plan can fail to take them into account.

The Coast Mountains. The Coast Mountains constitute the first, and possibly the
most important barrier to easy communication with the interior.

Southeastern Alaska, and the adjacent portions of British Columbia, present a
mountainous face to the Pacific Ocean. This is the western side of the Coast Mountains,
a continuous mountain system which extends northward from Washington State along the
west coast of British Columbia, through Southeastern Alaska, and finally ending in the
Kenai Peninsula.
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The Coast Mountains in British Columbia have a dominant northwest-southeast
trend, and most of the mountain ridges follow this general direction. Thus, the inter-
mountain valleys also trend northwesterly, and only where the major rivers have cut
across these northwesterly ranges can an east-west opening be found.

The mountains are not of uniform height. Along the coast, even the tops of the
less prominent hills are covered by trees. As the interior is approached, the mountains
rise in elevation, and the tree line drops below the bare rock summits. Peaks over
12,000 feet are common. Mount Fairweather, northwest of Juneau, rises to 15,300 feet.
In the highest area of the Coast Mountains, permanent ice fields are found, and from
these vast accumulations of ice and snow come some of the great valley glaciers for
which the area is famous.

The High Plateaus. Lying just to the east of the Coast Mountains, and separating
them from the Canadian and Alaskan equivalent of the Rocky Mountains, are the High
Plateaus. Actually, these High Plateaus are not flat, featureless areas, but are them-
selves mountainous, with an irregular and often indefinite outline. Various names have
been applied to these plateaus. In British Columbia and Yukon Territory, the Nechako,
Stikine, and Yukon Plateaus fall in this province. In Alaska, the Interior Highlands are
similarly situated.

The High Plateaus range from less than 4,000 to more than 6,500 feet in elevation.
They are often treeless, except in the stream valleys and in sheltered depressions.

The Rocky Mountain System. The familiar Rockies of Colorado and Wyoming ex-~
tend up into Canada, across British Columbia, across Yukon Territory, and terminate
in Alaska. In the area under study, the Rocky Mountains are separated from the High
Plateaus by a remarkable physiographic feature, the Rocky Mountain Trench. 'Begin-
ning south of the Forty-Ninth Parallel and reaching to the Liard Plain where it disap~
pears, the trench has a length of more than 900 miles and it is the largest valley feature
of the Cordillera, (2)

A similar trench, the Tintina Valley, picks up the same boundary function beyond
the northern end of the Rocky Mountain trench and extends northwestward into Alaska.

The British Columbia Rocky Mountains become the Selwyn Mountains of the
eastern Yukon Territory. The system continues northwestward to include the
Richardson Mountains of the northern Yukon Territory, thence turning westward and
finally terminating in the Brooks Range of northern Alaska.

"The Brooks Range forms a great wall across northern Alaska.,.. The loftiest
general area is near the 144th meridian, not far west of the Yukon-Alaska border; here
Mounts Chamberlin and Michelson rise probably to between 9,000 and 10,000 feet'. (1)

The Alaska Range. The dominant physiographic feature of south-central Alaska is
the mighty Alaska Range., This arclike mountain system merges into the Coast Mountains
at its eastern end, and at its western extremity it serves as the ''backbone' of the Alaska
Peninsula,
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The Alaska Range is approximately 600 miles long and 120 miles wide at its widest
point. It contains a number of famous peaks, including the highest mountain in North
America — Mount McKinley, 20,320 feet high. The highest portions of this Range, like
the great peaks of the Coast Mountains, are snow covered throughox_it the year. Here,
too, large glaciers begin their long trip to the lowlands to the south.

Despite its rugged character, the Alaska Range can be crossed by following the
valleys of the major rivers: the Nenana, Delta, Nebesna, Chisana, and White Rivers,
and Beaver Creek. ''Several of these provide routes of travel across the mountains.

The Alaska Railroad follows the Nenana and the Richardson Highwiy follows the Delté.'!(.3r)

The Gateways

The earliest exploration of Northwest North America was accomplished by ship,
first’ along the Pacific Coast, and later northwest into the Bering Sea and the Arctic
Ocean, Penetration of the Area from the interior plains was not to come until many
years later. ' '

To the coastaltraveler, few gateways to the interior present themselves. Thegreat:
rivers which empty into the Pacific: Ocean, the Bering Sea, and the Arctic Ocean are.
certainly the most obvious paths into the Continent. Thus, in the early. 1900's, over ha].f
a century ago, ''stern wheelers' churned their way along sections of the Yukon R1ver as
far upstream as Whitehorse. The Mackenzie and the Stikine have both seen active days .
of steamer traffic. Today, the river systems are comparatively unused as avenues of
communication, despite the fact that there have been significant improvements in tow-
boat construction, and despite the fact that waterborne freight along the inland water-
ways of the U. S. has experienced a huge growth in the past quarter century.

The long glacial fiords of the British Columbia and Southeastern Alaska coast
provide access through part of the Coast Mountains, although seldom do. these valleys
continue inland for any great distance. One of the most famous of these remarkable,
sea~-filled trenches is the Portland Canal, which extends nearly 100 miles from Chatham
Sound to Stewart, B. C. '

The canyon of the Stikine River is one of the few major paths through the Coast
Mountains. The river is passable to small vessels as far as Telegraph Creek in British
Columbia, and a hunting and sight-seeing service operates from Wrangell, Alaska. The
channel of the Stikine is subject to constant change, as great volumes of glacial silt tend
to choke up the river courses; and flood water seeks new paths a.cro_ss_the valley floor.

The Lynn Canal provided a pafhwa.y to the gold hunters of the 1900's, who portaged
up over the Coast Mountains at Skagway and Dyea, and toda.y is the marine end of the
Ha.mes Cutoff highway.

The Valdez Arm of Prince William Sound prov:des access to a pass through the
Chugach Mountains, now followed by the Richardson Highway.

Physiographically, Cook Inlet constitutes a significant gateway to the interior of
Alaska. Here, two major rivers — the Susitna and the Matanuska — can be followed .
upstream- deep into the interior. Here there i's abundant ''flat'' country, suitable for
‘agriculture, and perhaps even more valuable, adequate ground for streets and homes. "
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The valleys of tfxe,Nushaga-k and the Kuskokwim provide access to southwestern
Alaska. The Kobuk River reaches far into the southern foothills of the Brooks Range.

Geologic Features

The size of this corner of the continent, over a million square miles, can con-
stitute a handicap to anyone who would see the surface of it, much less describe it. The
geologist is not only interested in the surface of the earth, but in the subsurface as well,
All of this vast area has been subjected to geological reconnaissance during the 60 years
since 1900. Information supplied by ground parties has been supplemented by skilled
interpretation of aerial photographs, and the combined efforts have produced numerous
reports illustrating small-scale geologic maps of Alaska, British Columbia, Yukon
Territory, and adjacent areas. Much of this work has been carried out by government
agencies — state, provincial, and U.S. and Canagian federal bureaus.

Detailed geologic reports on specific-areas, such as mining districts, areavailable
in many cases for those interested in learning more of the geology than is described in
the more generalized reports.

No attempt has been made by Battelle to duplicate here any extensive restatement
of the regional geology of the area under study. The section which follows here can best
be described as devoted to Eertmen comments on the geology, having a direct or closely
related bearing on the purpose of the study.

Rock Types

A wide variety of rocks is present in this area;in fact, one would be hard pressed
to name a rock type which is not represented here.

The high mountains of Alaska owe much of their eminence to massive, weather-
resistant granite. Mt. McKinley, Mt, Hunter and Mt, Foraker, in the Alaska Range,
are granite peaks. In British Columbia, "approximately nine-tenths of the Pacific
Ranges is carved from the granitic rocks of the Coast Range batholith'(2), Flanking the
batholith on the east and west are areas of highly metamorphosed schists, slates, and
gneisses,

Northern British Columbia and Yukon Territory share similar geologic situations,
ranging from the very old schists and quartzites of the Klondike district, to compara-
tively recent rocks of volcanic origin, such as basalt lava flows, In the eastern portions
of the Area, where mountain-building activity has been less violent in nature during the
geologic past, thousands upon thousands of feet of limestone, shale, sandstone, and con-
glomerate have been measured by geologic mapping parties.

The visitor to Southeastern Alaska may note the monotonous assemblage of slates,
and similarly distorted layers of black to greenish gray rocks, which can be seen in
Ketchikan, Petersburg, and Juneau. They are much altered sedimentary and volcanic
rocks,

Along the Alaska Peninsula, volcanoes, both new and ancient, have been built by
huge accumulations of volcanic debris,
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Limestone is a cliff-forming rock in the Wrangell Mountains, Limestone,

changed by time and geologic forces to marble, was quarried early in the twentieth
century in Southeastern Alaska.

Recent Geologic History

Much of western North America is comparatively ""young', geologically speaking.
The mountain ranges along the coast are rugged and ''new'' in appearance, and some,
judging from occasional earthquakes, are still being formed. Volcanic eruptions of
Mt. Shishaldin and Mt. Katmai attest to the active nature of the Aleutian portion of the
Pacific '"'ring of fire'". These recent mountains have been further steepenedanddissected
by glacial ice, to complete the rugged landscape of the present day.

The type of glaciation which took place over much of the area under study is known
as '"'valley glaciation', as distinguished from 'continental glaciation'', where the entire
land surface is covered by an immense ice sheet. The latter tends to smooth over and
subdue the landscape, while valley glaciers carve and sharpen the contours of the
mountains,

Not all of the area under study has been glaciated, The valley of the Yukon River,
from Ft. Selkirk in Yukon Territory, to the north of the river on Norton Sound, was not
invaded by glacial ice. The small valley glaciers along the north slope of the Brooks
Range rarely reached the foothills, and the Arctic Coastal Plain is, strangely enough,
unglaciated.

Factors Affecting Geologic Exploration

Whenever the geologist attempts to study an area in detail, he is faced with the
problem of finding rock exposures, from which he can piece together an intelligent
picture of the subsurface. In Northwest North America, the forest cover, the presence
of huge ice '""blankets" such as the Malaspina Glacier and the frozen ground in the tundra
areas, have slowed the rate of geologic mapping, and partly explain why substantial
areas lack detailed interpretations.

These natural barriers were more severely felt in the years before World War II,
when the airplane had not yet become a reliable form of transportation, and long
traverses by boat and on foot were the only way of penetrating the isolated regions of the
interior.

Following the end of hostilities, a new age of exploration began in Alaska and
northern Canada. Recognizing the lack of adequate base maps, a program of aerial
photography was initiated. These photographs, together with new ground control data,
have formed the basis for new and highly accurate topographic maps, constructed by
photogrammetric techniques.

The search for oil and other valuable mineral deposits was given a valuable new
aid by the development of the air-borne magnetometer. This device, formerly used by
ground parties on long, time-consuming traverses, may now be suspended on a cable
from a low-flying aircraft, One crew in a plane can cover in a few days an area that
might require several seasons of ground work under the old methods.
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Other geophysical exploration methods have been refined and improved, and a
combination of improved prospecting techniques, more accurate mapping, and more
complete understanding of the regional geology together made possible the discovery of
oil and natural gas on the Kenai Peninsula,

To the prospecting for deposits of the valuable metals, the helicopter has been the
greatest single boom. In mountainous country, many valuable days and precious hours
of good weather can be used up in climbing and packing in supplies. Withthe introduction
of the versatile helicopter, new efficiencies in mineral exploration have been achieved.

The modern prospector then bears little resemblance to his predecessor of the
turn of the century. The pack horse has been replaced by the airplane and the jeep. The
gold pan is still in use, but is supplemented by the magnetometer, the geiger counter,
and the scintillometer. Gold and silver are no longer the primary targets. Copper,
nickel, lead and zinc, and the '"mewer'" metals, such as thorium, 'uranium, zirconium,
and beryllium, are now being sought. The modern prospectoris better trainedandbetter
equipped than the sourdough of half a century ago. If the new search for mineral re-
sources is not productive, it will not be because of lack of skill.

Climate

The area covered by this study includes three climate types: (1) Marine West
Coast, (2) Subarctic, and (3) Tundra. This rather extreme variation in climate is not
only horizontal but vertical, as well, due to the relatively short distance between sea
level and some of the highest elevations in North America.

Marine West Coast Climate

The dense forest cover of the Alexander Archipelago of Southeastern Alaska reflect
the high rainfall and mild temperatures of the Marine West Coast Climate. The harbors
of Southeastern Alaska are free from ice throughout the winter, in sharp contrast to
Duluth, Minnesota, far to the south, whose port facilities on Lake Superior are closed by
ice from December to April each year.

Mean average January temperatures in Ketchikan are above freezing (35.1 F), and
are only slightly below freezing in Juneau (29.5 F) and Cordova (25 F). Mean July
temperatures for the same localities are: Ketchikan 58 F, Juneau 54. 7 F, and Cordova
53.3 F.

The mild temperatures are produced by the proximity of the Alaska Current,
which also accounts, in part, for the high rainfall along the coast. On-shore air,
heavily laden with moisture picked up over the ocean, is forced to rise on reaching the
coastal mountains, and lower temperatures encountered at higher altitudes produce
condensation and rain. The highest annual rainfall total ever recorded for Southeastern
Alaska was measured at Little Port Walter, on the west side of Baranof Island — 212
inches. Ketchikan regularly records in excess of 150 inches per year. The protection
of an off-coast island or two is reflected in a drop in total annual rainfall. Thus, Juneau,
partially protected from the ocean winds, though still on tidewater, has an annual pre-
cipitation of only 55. 94 inches. The mountains which rise above Juneau to the north and
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east, however, receive much greater amounts of rainfall; it increases considerably at
elevations of only 1,000 or 2,000 feet above Juneau.

Precipitation occurs throughout the year in this area. ' The greatest rainfall
usually occurs in September, October, and November, as shown in Figure IlI-2. May,
June, and July have the least rainfall. In an average October, Ketchikan receives more
rain (21. 47 inches)_t-}iap falls in Fairbanks in an average year (11.92 inches).

Along the coast, precipt#tation during the spring, summer, and fall is in the form
of rain. At higher elevations and particularly in the high coastal mountain peaks, snow
can be expected during any month of the year. Fantastic accumulations of snow have
been reported at high elevations along the coast. Compaction of the snow in the high
mountain areas is the first stage in the formation of glacial ice, and thus originate the
great valley glaciers of southern and Southeastern Alaska, and northern British
Columbia. '

Subarctic Climate

The Subarctic Climate extends over the major portion of the land area. covered by
this report. In sharp contrast to the coast, interior Alaska, most of Yukon Territory,
and adjacent portions of the Northwest Territories and British Columbia have great
seasonal variation in temperature. Summer can be uncomfortably hot, while winter
brings some of the lowest temperatures recorded anywhere in North America.

Maximum temperatures in the Interior (e. g. , Fairbanks) '"reach or exceed the 90°
mark almost every summer'(4), The long hours of summer sunlight in addition to the
warm temperatures, promote rapid growth of vegetation, if ample water supplies are
available.

At the opposite end of the temperature scale, winter lows of the interior are also
extreme, with -75 F having been recorded at Fort Yukon. !"At Dawson, in the Yukon,
the thermometer, on an average January night, falls to approximately -29° and rises to
nearly - 16 during the warmest hours of the day. " ' '

The Subarctic Climate of the interior differs from the coastal climate in another
equally striking feature. The rainfall of the interior is much lower than that of the
coast. In Yukon Territory, '""The average precipitation is just slightly above.l2 inches a
year'', (6) At Dawson the total is 12.5 inches. The dry winters render the low tempera~-
tures more-tolerable to man.

Tundra Climate

Much oi__'-ndrthe rn Alaska and the extreme northern part of Yukon Territory lie in
the Tundra Climmate. The boundary between the Tundra Climate and the Subalrctik‘:
Climate is indistinct, and various students of climate place the boundary each according
to his interpfgt’a.:tion of the meager data available. Trewartha(5) includes most of the
Seward Peninsula and the north slope of the Brooks Range in the Tundra Climate type.
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This is the '"land of the midnight sun', where the sun remains generally above the
horizon in the summer. Conversely, here the long Arctic night takes over in the winter,
From late November until late January, the sun cannot be seen by the residents of Point
Barrow, a '"night'' that lasts nearly 8 weeks.

Here, the proximity of the Bering Sea and the Arctic Ocean tend to lower summer
temperatures and prevent winter lows from falling much below -50 F. The average
January temperature at Nome is 3,4 F, while the July average is just under 50 F — not
quite as warm in the summer, and not as cold in winter as the interior of Alaska.

Precipitation in the Tundra Climate area is usually quite low with annual totals
ranging from less than 10 to about 20 inches. Point Barrow's annual precipitationis 4,11
inches while Kotzebue receives 8. 03 inches and Nome gets 18, 69 inches.

Along the coast and for short distances inland the Tundra Climate area is charac-
terized by the formation of summer fog. Nome has fog an average of 67 days per year.
Point Barrow is even worse with 82. 6 average days of fog. This "Arctic smoke!
presents a problem to airplanes and small boats not equipped with navigational aids such
as radar. 'Ice fog" offers similar visual blocks inthe winter over land.

Climatic Change

The situation perhaps most evident to the student of Northwest North America is
the limited extent of valley glaciers today, as compared to the tremendous ice rivers of
the geologic past. ''Glaciers are among the most sensitive climatic indicators in
nature — annual variations in accumulations and ablation (loss of snow or ice, primarily
by melting) and advances and retreats of the ice front, constitute keys to past and cur~
rent climate trends. '"(7)

While conclusive evidence as to the reason has not yet been presented, it is
apparent from preliminary work that r(réost glaciers are retreating, with a few notable
exceptions, such as the Taku glacier. ) Such glacial retreat could be brought about by
a reduction in precipitation or by a warming trend, or a little of both. Whatever the
cause, the rate of change is so slow as to hold no particular promise to the inhabitants
of Northwest North America in the near future.
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IV. THE PRESENT ECONOMY

Introduction

Any economic entity has the general objective of providing welfare for its popula-
tion through effective utilization of its natural resources, skills of its labor force, and
the entrepreneurship of its businessmen. Ideally, these objectives might be met by
combining the natural resources and labor at a proper location with adequate manage-
ment to meet domestic or foreign market,.needs'._- Hawever, no matter how clear the
objectives may be, meeting them is a continuing difficult problem. Depending on the
state of development in which the economy finds itself, the answers to economic progress
differ among countries or states. Thus, solutions for economic development of a
basically primitive economy would differ significantly from solutions for continued
development of a highly industrialized economy.

Alaska

Realistically, the State of Alaska is neither basically primitive in its economic
development nor highly industrialized. It is at an indefinite point between these two
extremes. That judgment can be made on the position of Alaska in this economic
spec-tru{:, it is necessary to look at the economic means possessed by the State. This
can be done by a study-of its population, natural resources, present manufacturing and
supporting industry activity, and other economic functions within the State.

Population

According to The Bureau of the Census, the 1960 population of Alaska was 224, 094,
up 63.5 per cent from the 1950 population of. 137 '000. Comparison of these populatlon
figures might lead to the conclusion that there had been a steady and perhaps healthy
growth in the population of the State. This is not the case. From the population data
presented in Table IV<1 the following observations can be. made:

(l) The military component of the Alaskan populatwn has had, and continues
to have, a significant influence on the totdl. During World War II, the
m111tary personnel in Alaska comprised 67 per cent of its total popula-
tion. Even in.1958, the mxhtary still represented 18 per cent of the
total populatlon of the State. In addition, the number of civilians in
‘Alaska associated with military activities constitutes a 31gmf1cant
part of the total population.

(2) Since 1939 there has been dnly-a minor growth in the native population.
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TABLE IV-1. GENERAL POPULATION TRENDS IN ALASKa(2)

Native Nonnative Population Total
Year or Date Population Civilian Military Population

October 1, 1939 32,248 39, 752 524 72,524
July 1, 1941 32,500 41,500 9,000 83,000
July 1, 1943 33,000 41,000 152,000 226,000
July 1, 1946 33,200 51,800 18,000 103, 000
July 1, 1950 33,900 77,100 26,000 137,000
July 1, 1957 37,000 127,000 47,000 211,000
July 1, 1958 38,000 118,000 35,000 191,000

1960() -- —- -- 224,094

(a) Source: Rogers, Geotge W., Arctic Institute of America. Paper presented at the Twelfth Resources Conference of the
British Columbia Natural Resources Conference (November 20, 1959),
(b) Preliminary Bureau of the Census, U. S. Department of Commerce.

Other important factors concerned with the population of Alaska include the distri-
bution of people within the State and its relative ranking with the other 49 states. Well
over one-half of Alaska's population is found in the Anchorage and Fairbanks regions
with those remaining distributed sparsely and widely throughout the State. Although
geographically the largest state in the Union, Alaska possesses the least number of
people, some 100,000 less than the State of Nevada.

Alaska comprises an essentially small market and one widely scattered over a
large area. In addition, the vicissitudes of the military population in Alaska measurably
affect the total population and present a frequently unstable local market.

If Alaska's population is viewed on a month-to-month basis throughout any one

year, generally the total population is considerably larger in July than December due to
the influx of migratory workers in the warmer months and their exodus by wintertime.

The Labor Force

Two striking observations can be made about the composition of the total labor
force in Alaska. First, using monthly average employment data, slightly over 60 per
cent of the total labor force is composed of military personnel and federal and local
government workers. Second, another 25 per cent of the labor force is involved in
"support'' activities and individual self-employment, including wholesale and retail
trade, transportation, utilities, and miscellaneous services. Thus, nearly 85 per cent
of the entire labor force in Alaska may be termed ""nonindustrial’.
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Table 1V-2 presents 1957 data on monthly average employment by various primary
and secondary industries in Alaska. To determine the level of employment by Alaskan
industry, categories, shown under "Primary Industry' in Table IV-2%, except military,
can be used. These industrial categories include construction, fishing, salmon canning,
mining, hunting and trapping, lumber and wood products, pulp, printing and publishing,
food processing, and other manufacturing. In 1957, the total employment in all of these
industries was only 15. 6 per cent of the total labor employment in the State. Of this
industrial group, those employed in the construction industry totaled one-third of
industrial employment. Excluding the construction industry, the apparent industrial base
of Alaska employed only 10 per cent of the total labor force in the State.

TABLE IV-2, MONTHLY AVERAGE EMPLOYMENT IN ALASKA, 1957(a)

Monthly Per Cent
Average Total
Employment Employment
I. Primary Industry
Military 47,000 42.7
Construction 5,863 5.3
Fishing 4,200 3.8
Salmon Canning 2,624 2.4
Mining 1,290 1.2
Hunting, Trapping 1,000 0.9
Lumber, Wood Products 696 0.6
Pulp 649 0.6
Printing and Publishing 299 0.3
Other Manufacturing 289 0.3
Food Processing (Excluding Salmon) 229 0.2
Total 64,139 58.2
II. Secondary Industry

Federal Government 17,400 15.8
Trade and Services 11,954 10.9
Miscellaneous Self-Employed 8,600 7.8
Transportation and Utilities 5,079 4.6
Territorial and Local Government 3,000 2.7
Total 46,033 41.8

Total Employment: 110,172 100.0

(a) Source: Bloch, Ivan, "Alaska's Economic Outlook™, The Analysts Journal (January -February, 1960). (Adapted from
data of Alaska Employment Security Commission).

*Employment and wages as expressed in Tables IV-2 and [V-3 present a different picture from data shown in subsequent chapters,
notably for such industries as fishing, salmon canning, construction, and lumbering. Apparent discrepancies arise from the
methods of reporting by different governmental agencies = covered employment, average monthly or annual employment, total
employment, etc. — for industries that have considerable seasonal employment fluctuation.
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In 1957, quite a few of Alaska's industries, including lumber and wood products,
pulp, printing and publishing, _.:am’i food proées_sing, employed less than 1,000 people.
Significantly, the mining industry, a major activity in prior years, emplgyed only
1,290 people in 1957.

Table IV-3 shows the distribution of covered wages paid to Alaskan industrial
workers in fiscal 1958,  Covered wages principally exclude wages paid to the military;
the federal and local government employees; those in fishing, hunting, and trapping; and
those self-employed. The total wage bill for Alaskan labor was $195. 8 million in that
year. Of this amount, the support industry complex (transportation, communications,
and utilities; wholesale and retail trade; finance, insurance, and real estate; and other
services) accounted for slightly over $94 million, and the wages paid to construction
workers accounted for slightly over $60 million. Combining the wages paid to workers
in the support complex and in ‘constructioyn,l the total is nearly 80 per cent of all covered
wages paid in the State in fiscal 1958. Manufacturing wages, paid to those employed

. in salmon canning, lumbering, and other manufacturing, accounted for only $31 million
or about 16 per cent of the total covered wage bill. .

TABLE IV-3. TOTAL WAGES PAID IN COVERED EMPLOYMENT BY MAJOR
ALASKAN INDUSTRIES FOR FISCAL YEAR ENDING JUNE
30, 1958(a)

Industry ‘ Wages, $000

Total ) 195,853
Agriculture and Forestry(b) - 350
Mining 9,776
Contract Construction _ . 60,474

-General Construction, Building 25,868 :

General Construction, Other 16, 491

Special Trade Construction 18,115 -
Manufacturing 31,189

Salmon Canning 15,711

Lumbering 4,006

Other Manufacturing - 11,472
Transportation, Communication.and Utilities 29,584
Wholesale and Retail Trade 37,611
Finance, Insurance, and Real Estate 6,210
Service ) 17,849
Not Elsewhere Classified. : 2,810

(a) Source: Alaska Department of Labor, Employment Security Division, Annual Report, FY 59.
(b) Includes a very small oumber of workers in the fishing industry. Fishermen now work on shares of the catch, rather than
for reportable wages.

For the most part, those working in the construction industry are among the
highest paid industrial workers in the State, followed by mining, communications and
utilities workers, and manufacturing. Support personnel in wholesale and retail trade;
finance, insurance, real estate; and other service activities are generally among the
lowest paid workers in Alaska.
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Seasonal employment is another important factor in the labor force of Alaska.
For example, those employed in salmon canning during the summer months, principally
May through September, may be 15 times the number employed in the winter months.
In the construction industry, summer employment may exceed winter employment by a
factor of four. Service industries generally show a more stable seasonal employment.

Natural Resources

Within the land and water confines of Alaska are found five major natural-resource-
based industries which account for productive economic activity in the State. These
are: mining, forestry, agriculture, fishing, and furs. Each of these major resources
is studied in considerable detail in later chapters of this report. They are considered
at this point only from the standpoint of their total value to the economy of Alaska and
their interrelationships. Table IV-4 presents a historical picture of the total revenue
of the five natural-resource-based industries in Alaska. Although the value of fishing
activity leads the revenue realized by other resource-based industries, significantly no
growth trend in fishing is evident over the last decade. The one resource-based industry
in Alaska which has shown a healthy growth since 1950 is forest products, with a revenue
of $27 million in 1958 compared with $4. 4 million in 1950, Mining revenue has held
fairly steady since 1952, the values being accounted for largely by gold, coal, sand and
gravel, platinum, and mercury.

TABLE 1V-4, REVENUE OF NATURAL-RESOURCE-BASED INDUSTRIES IN ALASKA, 1950-1958(3)

In thousands of dollars,

Industry 1950 1951 1952 1953 : 1954 1955 1956 1957 1958

Fisheries and Canning 100,156 95,916 88,534 69,671 77,879 69,723 92,960 79,472  83,742(D)

Forest Products 4,400 4,100 4,400 4,600 13,300 29,500 83,600 33,100 21,300
Mining 17,852 19,569 26,302 24,252 24,408 25,412 23,408 28,792 22,315
Agriculture 1,750 2,186 2,865 2,820 2,878 3,487 4,231 4,539 4,676
Furs 5,826 6, 554 6,373 5,229 5,902 6,211 5,688 5,283 4,000

(a) Source: "Alaska = Its Economy and Market Potential®, U.s. Department of Commerce (1959).,
(b) "Alaska Fisheries”, Bureau of Commercial Fishing (1958),

Although starting from a relatively small base of $1.7 million revenue in 1950,
the agricultural industry grew about threefold by 1958 to a total value of $4. 7 million.
The annual revenue of the fur industry dropped from $5. 8 million in 1950 to $4.0 million
in 1958,

Manufacturing

The most prominent manufacturing industries in Alaska are those involved 'irll fish
canning and pulp manufacturing. Of the nearly 5,000 workers employed in manufacturing
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in Alaska in 1957, about 2,600 were in the salmon-canning industry. Pulp production
has shown a strong growth, accounting for virtually the entire jump in forest products’
value in Table IV-4. Another jump will be evident in 1960, with the second large mill
getting into production. Other manufacturing activities include production of wearing
apparel and leather goods.

The historical change in establishments, employees, and total wages for the
manufacturing industries of Alaska are shown in Table IV-5,

TABLE IV-5. NUMBER OF MANUFACTURING ESTABLISHMENTS,
EMPLOYEES, AND WAGES PAID FOR ALASKAN
INDUSTRIES IN 1939, 1954, AND 1957(2)

Number of Number of
Year Establishments Employees .Total Wages -
1939 230 5,467 $:6,883,988
1954 219 4,092 16,546,000

1957 323 4,772 32,949,000

(a) Source: "The Alaskan Market, 1958", J. Walter Thompson Company.

Supporting Industries

Supporting industries in Alaska are those which serve, in one form or another,
the more basic functions of the economy. Industries classified as supporting industries
would include wholesale and retail trade; finance, insurance, and real estate; trans-
portation and communications; and miscellaneous services for such things as amusement,
auto repair, haircuts, .and similar functions.

In Alaska, the supporting industries may be viewed as those serving: (1) the
natural-resource-based industries, which require considerably less service than would
a broad manufacturing base, (2) the Alaskan exterior trade activity, which places most’
of the services — such as wholesale trade — near the seaports and the heaviest population
centers, and (3) the military, which subjects the supporting industries to frequent
fluctuations.

Wholesale and Retail Trade. Table IV-6 presents a comparison of wholesale
activity in Alaska for the years 1948 and 1954. Data for wholesale trade in 1958 will
soon be published by the U. S, Department of Commerce.

In terms of number of establishments and value of sales, the wholesale activity in
Alaska has grown substantially over the last decade. The total number of establishments
involved in wholesaling grew from 111 in 1948 to 184 in 1954. The number of wholesale
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establishments in 1958 has been estimated to be about 225. Anchorage has the largest
concentration of wholesaling activity in the state — nearly double that of the second ranking
city, Fairbanks. An unofficial estimate for 1958 gave Anchorage some 96 establishments,
44 at Fairbanks, and 19 each in Juneau and Ketchikan. Strong effort has been made by
Anchorage to supplant Seattle as the traditional warehousing point for Alaska.

TABLE IV-6. VALUE OF WHOLESALE SALES IN ALASKA, BY SELECTED
CITIES, 1948 AND 1954(2)

1948 : 1954
Number of Value of Number of Value of
City Establishments Sales, $000 Establishments Sales, $000

Alaska, Total 111(b) 32,216 184 94,721
Anchorage 13 5,790 53 40, 505
Fairbanks 7 (c) 24 (c)
Juneau 13 5,179 9 5,892
Ketchikan 12 3,146 15 5,755

(a) Source: "Alaska, Its Economy and Market Potential”, U, S, Department of Commerce (1959).

(b) Revised downward to 95 by the Bureau of the Census for purposes of comparison with 1954 figures for the Territory as a
whole, but retained here because published data for individual cities have not been so revised.

(c) Withheld to avoid disclosure of individual data.

Table IV-7 shows that the 1958 value of retail sales in Alaska was $187. 2 million
compared with $174.5 million in 1954, an increase of 7 per cent over this period. The
annual payroll of these retail establishments totaled $22. 8 million in 1958 compared with
$20. 8 million in 1954, an increase of 9.6 per cent. The Anchorage and Fairbanks
regions account for most of the retail activity in Alaska.

TABLE IV-7. RETAIL TRADE IN ALASKA, 1954
AND 1958(a)

Cities of 2,500 Inhabitants or More

1954 1958
Number of Establishments 1,510 1,431
Sales, $000 174,514 187,165
Payroll, $000 20,816 22,844

(a) Source: “Retail Trade, Preliminary Area Report, " 1958 Census of
Business, U. S. Department of Commerce.

Other Services. Receipts for selected services (tourism, auto repair, motion pic-
tures, other amusements, recreation, and similar miscellaneous services)for 1958 tetaled
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$26.9 million, an increase of $6.7 million, or 33 per cent over 1954. The largest
single activity in this group of services was hotels, motels, tourist courts, and camps
which accounted for $7. 6 million in receipts in 1958.

Table IV-8 presents the latest available information on the selected services
activities in Alaska.

Communications and Transportation. Three distinct elements characterize both
the communications and transportation activities in Alaska: (1) the relative remoteness
of the area, (2) the concentration of population in the Rail belt, and (3) the great unde-
veloped area between the outlying small, dispersed population centers. Under these
conditions, the adequacy of the existing networks becomes a most important considera-
tion. Figure IV-1 shows on a map the existing roads and railroads in the Area. Else-
where in the report, Figure VII-3 shows airline routes.

Recent developments in the communications field have been substantial. The
newly installed facilities of the Alaska Communications System, the "White Alice'' net-
work of 33 stations, give Alaska some 3, 100 miles of long-distance telephone and
telegraph communications.* The recently announced microwave system, to be operated
by Canadian National Telegraphs (CNT), links Fairbanks with Sweet Grass, Montana,
via some 50 towers located generally along the route of the Alaska Highway in Canada.

In addition to these long-distance communications facilities, there are numerous
local newspapers plus radio and television stations in the larger communities. For
example, Anchorage supports two newspapers with a combined daily circulation of about
30,000, plus two radio stations and three television stations. Fairbanks and Juneau
also have complete coverage by the radio, television, and newspaper media. Elsewhere,
newspapers and radio stations are commonly associated with settlement centers that
count several thousand persons among their inhabitants.

The area's transportation facilities have similar problems of distance and service.
The long~distance connections are adequately served by four scheduled airlines in the
Alaska trade; nine intra-Alaska airlines provide additional service. The Alaska Steam-
ship Company and several barge lines provide freight service to the important port
cities, hauling sorne 1.5 million tons of freight (mostly liquid fuels) on a year-round
basis.** At Seward and at Whittier (military cargo), the Alaska Railroad picks up the
rail freight (including vans) for movement to Anchorage, Fairbanks, and the other Rail
belt cities. Truck freight for Alaska arrives either by van-on-barge via Valdez (less
then 100,000 tons annually) or overland via the Alaska Highway (up to 13,000 tons in
peak years). %

The total revenue freight for the Alaska Railroad in 1958 was $11.3 million com=-
pared with $12. 4 million in 1957. More details on transportation are presented in
Chapters VII and VIII.

®Besides its primary defense function, this extensive network serves Alaskan civilian needs, too.
*Docket No. 881 "Alaska Traffic Pattern During the Past Decade”, General Services Administration, June 27, 1960. Also,
Docket 881, "Schedule D", Maritime Administration, April 25, 1960.



TABLE IV-8. SELECTED SERVICES IN ALASKA, 1958 AND 1954(3)

1958 1954 Per Cent Increase
Number of Number of In Receipts,
Establishments Receipts, $000 Establishments Receipts, $000 1958 over 1954
With Total, All Establishments With Total, All Establishments Total, All Establishments

Type of Business Total  Payroll Establishments With Payroll Total  Payroll Establishments With Payroll  Establishments With Payroll

Selected services, 814 382 26,913 23,143 694 308 20,234 17,392 33.0 33.1
total

Hotels, motels 159 93 7,639 6,895 149 61 5,326 4,296 43.4 37.2
tourist courts,
camps

Personal services 220 128 6,727 6,139 225 115 6,060 5,534 11.0 10,9

Miscellaneous 134 48 3, 443 2,911 88 32 1,652 1,328 8.4 19.2

business services

Auto repair, auto 923 41 3,046 2,394 53 17 1,318 968 3.1 42.8
services, garages

Miscellaneous 106 24 2,288 1,518 87 35 1,985 ° 1,709 15.3 -11.2
repair services

Motion pictures 28 22 1,951 1,845 23 19 (b) (b) (b) (b

Amusement, 74 26 1,819 1,441 69 29 (b) (b) (b) (b
recreation services,
excluding motion
pictures

(3) Source: "Selected Services, Preliminary Area Report, Alaska, 1958 Census of Business”, U.S. Department of Commerce.
(b) Withheld to avoid disclosure of individual data.
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Financing. The availability of short-term and long-term funds for business finan-
cing in Alaska has been, and still remains, a rather critical problem. Because Alaskan
banks ordinarily operate from a smaller deposit and capital base than their counterparts
in the lower U. S., short- and intermediate-term credit has not been available on a per
capita basis as readily as in the mainland states. At the present time, Alaskan busi-
nesses place considerable reliance on short- and intermediate-term credit from banks
outside the State. The Small Business Administration of the Federal Government also
has been active in business loans in the State.

Life insurance companies generally provide the major source for long-term funds
in the U. S. economy. Insurance companies are not well represented in the Alaskan
area. Mutual savings banks and savings and loan associations are virtually nonexistent
in the State. This, too, has hindered business investments in Alaska.

Table IV-9 presents current monetary statistics for the State of Alaska compared
with the U. S.

The Construction Industry

The construction industry in Alaska is unique in several ways. First, it is the
largest single contributor to Alaska's private economy, and has been for more than a
decade. The payroll of the construction industry in 1957 totaled nearly $64 million.
Although nearly 16,000 workers were employed in the construction industry in 1951,
only 5,863 were employed in this industry in 1957. Still, in 1957, the construction
workers represented approximately one-third of all workers employed inprivate industry,
excepting the supporting industries.

Approximately two-thirds of all contracts for construction in Alaska are for
defense-oriented projects. An additional 14 per cent of all contracts are for highways,
bridges, and harbor improvements; and approximately 20 per cent for schools, airport
facilities, electric power plants, and other private projects.

Total defense construction spending in Alaska in the last 15 years has been esti-
mated at $2 billion. Recently the annual rate of defense construction has been approxi-
mately $88 million. A considerable amount of this money has been for such military
systems as the distant early warning radar system, the ballistic missile early warning
system, and the '"White Alice' network. Construction of the new missiles base at Clear
has helped to maintain this average figure in 1959 and 1960.

Highway building has been the second most immportant construction program in
Alaska. An approximate annual expenditure of $13 million was authorized by Congress
-for highway construction in Alaska for each of the years 1958, 1959, and 1960.

According to the U. S. Department of Commerce, building-permit records of the
several municipalities in Alaska indicate that private contract construction has totaled
about $10 million annually over the past 4 years. '

Industrial construction,. as subh, is almost negligible in the total construction
picture of Alaska, eéxcept when the two pulp mills were built,.in Ketchikan and Sitka in
1952-54 and 1957-59, respectively.



Iv-13

TABLE 1V-9, MONETARY STATISTICS - STATE OF ALASKA AND U,S.A -(a)

General Bank Data

Total Bank Deposits 6-30-59
Bank Capital Funds 6-30-59
Number of People per Bank Office

Short- and Intermediate-Term Credit

Total Loans and Discounts Held by
Alaska Banks 6-30-59

Estimate of Participation and Direct
Loans Held by Outside Banks
for Alaska-Based Activities

Participation and Direct Loans Held
by S.B.A. for Alaska-Based
Activities 6-30-59

Estimate of Loans Held by Outside

Banks for Companies with Important

Activities in Alaska but with
Headquarters Elsewhere

Total

Long-Term Credits

Estimate of Loans of Life Insurance Companies:

On Commercial and Residential
Properties
On Industrial Properties

Total Insurance Company Loans

Loans Held by Mutual Savings Banks

Loans Held by Savings and
Loan Associations

Municipal Bonds Outstanding

Mortgages Held by Federal National
Mortgage Association 6-30-59

Total Long-Term Credits
from Established Sources

Figures

for Alaska

$181, 000, 000
11,000, 000
(36 offices)

$ 70,000,000

$ 20,000,000

$ 2,900,000

$ 45,000,000

$137,900, 000

$ 10,000,000

40,000, 000

$ 50,000,000

$ 47,000,000

48,000, 000

$145, 000,000

Per Capita Data

Alaska

$800,00
49.00
6,250

$310.00

$ 89,00

$ 13,00

$200,00

$612.00

$ 44,00

178,00

$222,00

$209,00

213,00

$644,00

U.S.A.

$

$

1,435.00
125,00
7,700

694,00

2,34

696,34

127,00

222,00

349,00

135,00

277,00

316,00

10.00

$

1,087,00

(2) Source: Paper presented by R, C, McDonald to the 1959 Fall Conference, Pacific Northwest Trade Association,

Fairbanks, Alaska,
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High labor costs, costs of clearing new land, the necessity for importing nearly
all building materials, and the rigorous Alaskan weather all contribute to the problems
involved in the construction industry in Alaska.

Personal Income and the Cost of Living

The first official income figures for Alaska were released by the U.S., Department
of Commerce in July, 1960. Table IV~10 shows these personal income figures for the
years 1950-1959,

Compared with the 1950 figure of $319 million, Alaska's personal income total in
1959 was $556 million, a gain of 75 per cent. The Department of Commerce observed
that this gain was slightly in excess of that for the U.S., as a whole, 67 per cent, in this
same period. The total purchasing power of individuals in Alaska, in real terms, rose
about 40 per cent in the decade 1950 through 1959. The per capita income of the resi-
dents of Alaska was $2,550 in 1959, or 18 per cent higher than the U.S. national average
of $2,160.

Of the total 1959 personal income in Alaska of $556 million, $281 million, or one-
half, was paid to residents by private industry; $239 million, or 43 per cent, by the
Federal Government; and $37 million, or 7 per cent, by state and local governments.
The Federal Government's relative contribution to personal income in Alaska is higher
than in any other state in the U.S.

In part, because Alaskans draw high wages, and their state is in a remote location
from the mainland of the U.S., the cost of living is abnormally high. Figure IV-2 shows
the "Ward Index of Consumer Prices' for seven Alaskan cities in the years 1956 through
1959. This index uses 1956 consumer price figures in Seattle as a basis of comparison
(Seattle, 1956 = 100). All seven Alaskan cities shown have a higher consumer price
index than Seattle. This has been true in each of the 4 years studied. Nome, the city
highest in terms of cost of living, has been steadily 50 per cent higher than Seattle.
Interestingly enough, the figures show that the cost of living rises nearly proportionately
to northward and westward distances from Seattle. '

Conclusions

A general investigation of the major economic activities in the State of Alaska
reveals several important factors. Essentially, there is no industrial base within the
State. Only relatively minor activities in wood pulp, canning of fish, and isolated
instances of minor consumer-goods production represent the manufacturing activity in
Alaska.

It must be accepted that the economy of Alaska is largely based on the military
activities found in the State and the '"supporting'" industries which must be present to
assist the military activity and the limited natural~-resource development of the State.



TABLE IV-10.

PERSONAL INCOME IN ALASKA, BY MAJOR SOURCES, 1950-1959(3)

Millions of Dollars

1950 1951 1952 1953 1954 1955 1956 1957 1958 1959
Personal Income 319.0 439.0 485.0 506.0 493.0 500.0 548.0 5317.0 527.0 556.0
Government Income Disbursernents 165.5 200.8 240.3 265.2 265.17 276.4 271.2 280.8 272.2 275.9
Federal 153.0 185.1 223.6 245.8 245.4 2562.5 247.5 250.6 238.17 238.9
Net Civilian Eamings 61.5 67.5 76.4 85.17 83.6 88.8 90.5 91.1 100.7 107.1
Military Earnings 82.0 109.5 136.3 147.2 147.0 148.17 142.2 142.2 118.17 112.3
Other 9.5 8.1 10.9 12.9 14.8 150 14.8 17.3 19.3 19.5
State and Local 12.5 15.17 16.17 19.4 20.3 23.9 29.1 30.2 33.5 317.0
Private Income 153,17 238.2 244.5 241.1 227.1 223.2 270.6 256.5 254.6 280.6
Eamings of Persons in:
Contract Construction 38.4 84.0 74.9 69.2 59.6 53.1 79.4 58.5 50.5 51.2
Manufacturing 13.5 13.6 15.17 16.8 15.4 17.9 22.0 21.5 19.1 22.8
Fish Processing 7.0 6.1 7.3 7.9 3.6 3.8 5.9 5.4 3.9 3.4
Other Manufacturing 6.5 7.5 8.4 8.9 11.8 13.1 16.1 16.1 15.2 19.4
Mining 11.2 11.2 12.6 12.2 10.1 9.3 9.8 10.6 9.5 10.8
Fishing 9.6 11.5 11.6 8.9 11.5 9.8 12.5 11,0 10.9 9.5
Agriculture 6.1 7.3 7.4 8.2 9.6 8.0 7.3 7.5 7.2 6.8
Trade 29.4 43.2 417.1 47.1 4,17 43.5 47.8 50.3 48.1 56.17
Services 13.4 25.5 24.8 21.3 18.5 21.17 25.3 27.4 29.8 317.8
Transportation 13.9 19.9 23.8 25.4 24.3 23.9 27.6 26.2 27.1 30.4
Finance, Insurance, and Real Estate 3.1 4,2 5.4 7.0 7.6 7.8 8.2 8.9 10.0 11.6
Communications and Public Utilities 1.6 1.8 2.2 2.5 3.0 3.1 4.1 6.9 14.1 13.17
Less: Personal Contributions for Social Insurance in Private Industry 1.0 1.6 2.1 2.0 2.3 2.1 3.1 3.4 3.6 3.9
Other Income 14.5 17.6 21.1 24.5 25.17 27.6 29.17 31.1 31.3 33.2
Per Capita Income, dollars 2,246 2,629 2,487 2,381 2,282 2,294 2,502 2,408 2,486 2,550

(a) Source: U. S. Department of Commerce, Office of Business Economics.
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At the present time, the exploitation of the natural resources (minerals, forests, fish,
game, and tillable land) is not a significant portion of the total economic activity of
Alaska, The construction industry is important to the economy, but it is closely allied
with the military activities.

The internal, or domestic, markets of Alaska are presently inadequate to support
a growing industrial base within the State. The size of the present population in Alaska
does not justify large processing firms or consumer-goods companies to serve just the
local market. Most of these firms could start only if there were an opportunity to sell
in foreign markets.

Realistically, the cost of living is high in Alaska, making it necessary for new
labor coming into the area to command a high wage figure in order to meet this cost of
living. High wage scales, then, become a major factor in attempting to establish new
industry in the State. Risk capital needed from outside the State is often difficult to
obtain under these circumstances.

Northwestern Canada

To the east and southeast of Alaska lies an area, of approximately 500,000 square
miles, to be considered in this report in addition to the State of Alaska. This north-
western part of Canada includes roughly Yukon Territory, a strip of the Northwest
Territories between the Yukon and the Mackenzie River, Census District 15 in Alberta,
part of Census District 8, and virtually all of Districts 9 and 10 in British Columbia.

Analyzing the economic structure of this area presents two unique problems:

(1) Because the total area is not a recognizable political boundary, economic
data must be integrated from the separate parts of the area.

(2) The sparse population and the limited economic development in the area
mean that relatively little economic information can be reported.

Recognizing these problems, the following sections treat the general economy of
northwestern Canada. Little reference is made to the strip of the Northwest Territories
and that part of Census District 8 in British Columbia, since the latter includes largely
population centers lying on the very border of the Area. Appropriate information is not
available in the required form for these two areas. However, lack of this information is
not considered to detract from the general economic analysis of northwestern Canada.

Population

In 1956 the total population of northwestern Canada was only 140,332. Half of these
people were in the southeastern portion of the area, or Census District 15 of Alberta.
Nearly 43 per cent were in the southeastern and south central portions of the area (Census
Districts 9 and 10 of British Columbia), and only about 7 per cent were in the northern
half of the area (Yukon Territory).
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Prince Rupert is the largest city in northwestern Canada with a population of

10,498.* Grand Prairie ranks second with a 1956 population of 6,000, followed by
Whitehorse with 2,570 and Peace River with 2, 000.

Manufacturing

The annual selling value of factory shipments made in northwestern Canada is
approximately $160 to $170 million. Table IV~11 presents the selling value of factory
shipments from the various parts of northwestern Canada.

TABLE IV-11. SELLING VALUE OF FACTORY SHIPMENTS
IN NORTHWESTERN CANADA FOR 1955,
1957, AND 1958(a)

Yukon and Northwest Territories (1955)1 $ 4,761, OOO-
Census District 15, Alberta (1957)2 20,283,371
Census District 9, British Columbia (1958)3 129,000,000
Census District 10, British Columbia (1958)3 8,000,000

Representative Total $162,034,371

(a) Sources: 1, "Canada Year Book, 1957-58", Dominion Bureau of Statistics, Ottawa, p 636,
2. "Alberta Industry and Resources, 1959, Alberta Bureau of Statistics, Departrment
of Industry and Development, p 30.
3. "British Columbia Manual of Resources and Development, 1959", 2nd Edition,
Bureau of Economics and Statistics, Department of Industrial Development,
Trade and Commerce, p 26.

About 80 per cent of all factory shipments in northwestern Canada are made in
the southwestern portion of the area. These shipments are principally nonferrous
metals, food and beverage, pulp and paper, wood, and nonmetallic minerals such as
petroleum products and sulfur. The southeastern area has some clay and glass manu-
facturing, an oil refinery, a plywood plant, and several lumber mills. Limited activity
in food and beverages and printing and publishing is found in the northern half of the area.

Natural Resources

Mineral Resources. Production of minerals in northwestern Canada is dominated
by output of oil and gas in the Peace River district of British Columbia and Alberta;

®Prince George, in Census District 8, with a population of 10,563 in 1956, is comparable in size with Prince Rupert. Both lie on
the very southern border of the area under study. ’
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asbestos from Cassiar, British Columbia; silver, lead, and zinc from United Keno Hill
in Central Yukon; and gold from the Klondike area of west central Yukon. In terms of
value of output in 1958, the oil and gas production of the Peace River district in British
Columbia and Alberta ($21.4 million) was practically identical to the metals and minerals
output of British Columbia and Yukon ($21. 6 million), as shown by Table IV-12.

TABLE IV-12, VALUE OF PRODUCTION OF METALS, MINERALS, AND
FUELS FROM NORTHWESTERN CANADA, 1958

Millions of Dollars

Northern
Yukon British Northwestern

Territory Columbia Alberta Total

0Oil 1.0 12.9 13.9
Gas 3.9 3.6 7.5
Sulfur 0.8 0.8
Coal 0.03 0.07 0.1
Metals and Minerals 11.8 9.8 21.6
Total 11.83 15.57 16.5 43.9

Agriculture, Forestry, and Fishing. Almost all of the agricultural activity in
northwestern Canada is found in the southeastern area from about Fort St. John and
Dawson Creek eastward to the Grand Prairie complex. There is only minor agricultural
activity in Yukon Territory. Total values of 1956 commercial agricultural production
from British Columbia and Alberta were as follows: northern British Columbia $7.7
million, and northwestern Alberta $32. 6 million.

Agriculture in the Fort St. John area is principally crop-raising since the land
is virtually valueless as range land. In the Grand Prairie-Peace River complex, cattle,
hogs, sheep, and poultry are raised. This area is also prominent for grain crops.

Of the 70,000 people located in the Alberta portion of the study, about 12,000 are
classified as urban and 58,000 as rural. Of the 58,000 rural, 35,000 are on farms
and 23,000 are nonfarm rural.

Yukon Territory has over 330 million board feet of accessible timber on an annual
allowable cut basis. This is predominantly softwood and is concentrated in the southern
portion of the territory. The allowable annual cut in northwestern Alberta amounts to
1,900 million board feet of softwoods and 1,600 million hardwoods. In northern British
Columbia, the currently allowable annual cut in accessible areas is 7,200 million board
feet. Those forests in the interior of this area are generally more immature and of
lower grade than near the coast.



IV-20

Currently, less than 2 per cent of the allowable 'annual cut in Yukon Territory is
actually being produced; 5 per cent of allowable cut is being utilized in northwestern
Alberta; and in northern British Columb1a about 15 per cent of the annual allowable
cut is being tapped

Significant fishing activity in northwestern Canada is confined to the coastal area
in the British Columbia sector. In 1958, the wholesale value of all fish products in
British Columbia was $98 million. A sizable share of these fish was caught and processed
in the Prince Rupert area. The salmon catch is of primary importance, followed by
herring, halibut, crabs, and shrimp.

Hydroelectric Power. Although the hydroelectric potential of northwestern Canada
is large, the developed power in this.area is only about 28,000 kw. Most of this is in
the northern half of the area. The potential hydroelectric power in the British Columbia
sector is about 5 million kw. First step toward utilizing the potential in British
Columbia is the Peace River power project currently being pushed with vigor. No
hydroelectric power is available in the Alberta sector of the study area.

Transportation

Highway transportation in northwestern Canada is confined principally to the Alaska
Highway running from Dawson Creek to Whitehorse and into Alaska. Major highways
are also found in the Grand Prairie-Peace River complex, connecting with Dawson Creek
and the Alaska Highway to the north and with Edmonton, Alberta, to.the south. A
number of other unpaved spur roads or highways are found, as shown in Figure IV-1,
These exist to serve various mining, forest, and tourist-activities.

A rail line running from Skagway, Alaska, to Whitehorse is the only railroad in
the Yukon. The Northern Alberta Railway passes through Grand Prairie and connects
with the Pacific Great Eastern Railway at Dawson Creek. The PGE serves the area
from Fort St. John to Prince George, and then on down to north Vancouver. Prince
Rupert serves as a western terminal for the Canadian National Railway, which follows
the southern boundary of the study area as far as Prince George. A start has been made
on construction of thé proposed Wenner-Gren rail line between Gladys Lake and Summit
Lake in British Columbia.

Sea transport for northwestern Canada is centered principally around the Prince

Rupert area. A number of deep, ice-free harbors are found here. Active coastal
shipping and trade with the Far East are carried on.

Conclusions

Northwestern Canada is a vast, sparsely populated territory, having no major
cities or centers of industrial development. Adding together the economic activities of
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only 140,000 people, spread over an area of nearly 500,000 square miles, can only
result in patches of economic activity such as gold and silver mining in the Yukon, oil
and gas production around Dawson Creek and Grand Prairie, scattered logging camps,
and fishing from the coastal area surrounding Prince Rupert. Y

Significant mineral deposits are not.in evidence in the area. Because the economy
is extremely small and distances are great, the development of the potential hydro-
electric power has not been undertaken, although plans are being pushed for the huge
Peace River project. Manufacturing is insignificant, and the one agricultural region
in the area exists to serve markets to the south.
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Y . NATURAL RESOURCES — PAST, PRESENT, AND FUTURE

Economic growth of Northwest North America will be dependent largely on develop-
ment of the natural resources of the Area — its metals and minerals, coal, petroleum,
natural gas, hydro power, forests, fish, furs, agriculture, and the many natural, his-
toric, and cultural features that attract tourists to the Area. These resources are even
more directly concerned with this study, however, since conclusions and recommenda~-
tions on improved transportation needs in the Area must be based largely on benefits to
be gained from such unprovements in the exploitation and development of these resources
in the period 1960-1980.

In d_escr_il_)ing,and appra_ising these natural resources the general pattern followed
is discussion of:

(1) Hietpric -devel..'opment, including past production records generally
covering the 20-year period 1939-1958

(2) Resources or reserves, as best known at present, and their general
location :

(3) Potential uses and markets for the resources in the period 1960-1980,
with consideration given to technological developments affecting
future uses and markets

(4) Transporation needs for economic exploitation, and estimated tonnages
that might be moved

(5) Potential impact on the Area's economy by the resource developments
that can be foreseen as possible or probable in the next 20 years.

In presenting the resource data, past product1on and resources Oor reserves are
discussed separately for Alaska, Yukon Terntory, northern British Columbia, and
northwestern Alberta, with Canadian parts sometimes combined. Census and mining
divisions of British Columbia and Alberta do not coincide precisely with the areas
coVered by this'study, but are close enough for the purposes to be served.

It must be recognized that the broad scope of investigations involved has dictated
care in concentratmg time and effort on those spec1.f1c resources that appear to offer
most. promlse for development.. Detailed discussion of uses and markets for each of the
25 metals and- industrial minerals known to occur in the Area, for example, obviously
is u'nposs1b1e, attention has therefore been concentrated on the relatively few that appear
most‘promising.

It should also be pointed out that large-scale development of many resources in the
Area — many metals, petroleum, and natural gas, for example — is dependent in major
part on what is discovered in the Area in the future rather than on development of such
resources that are known to occur there at present. A serious attempt has been-made to
base estimates of future development, economic impact, and transportation needs
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largely on resources that are known to occur in the Area at present, with conjecture on
effects of additional discoveries kept separate and plainly indicated as such.

Certain other details, such as possible resource-processing methods and costs,
estimated value of new products, estimated employment and other population increase
that might result from new resource-processing enterprises, have no direct bearing on
transportation needs. However, they may bear importantly on other local resource
needs (coal and electric énergy in iron-ore smélting, for example) and especially on the
economic benefits to the region if such resource developments transpired — hecessary
in comparing the costs versus the benefits of improved transportation facilities.

In the case of metals and minerals, considerable space has been devoted to out-
lining briefly, at least, the presently estimated quantity and grade of the better-known
deposits in the Area, even though in many cases they are decidedly submarginal. Brief
reference is also made to quantity and grade of estimated reserves and to size and
grade of important deposits presently being brought into production elsewhere in the
world. These details are included in order to provide at least a degree of documentation
of the broad conclusion that, except for the few potential commercial developments
noted, future major metal and mineral developments in the Area will have to come from
new discoveries. This conclusion is quite at variance with the popular belief, so fre-
quently expressed, concerning the 'fabulous mineral wealth' of the Area that needs only
a railroad or a highway to make its development economic, and it was felt that the
above-mentioned documentation was therefore highly desirable.
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METALS AND MINERALS

Northwest North America, especially Alaska and Yukon Territory, have long been
spoken of as a '"'vast storehouse of mineral wealth'. Doubtless this was an outgrowth of
the bonanza output during the decade or so at the turn of the century in the Klondike-
Yukon-Nome gold-rush days, followed later by the fabulous output from Alaska's
Kennecott copper mine and from the Keno Hill silver-lead-zinc mine in the Yukon. The
record justifies this, for minerals with a total value of almost $2 billion have been pro-
‘duced in the area under study from 1880 to 1959, inclusive. Of this total, Alaska pro-
duced about $1. 2 billion, the Yukon about $0. 39 billion, and northern British Columbia
about $0. 37 billion,

Of the Alaskan output, gold has accounted for 61 per cent, copper for 19 per cent
(virtually all from the Kennecott mine), coal for 7 per cent, and silver for 1 per cent.

Production of the principal metals and industrial minerals in the region is shown
for the years 1939-1959, inclusive, in Table V-1. Outputs for Alaska, the Yukon, and
northern British Columbia are shown separately, with both quantity and value given.
Reference will be made to data in this table in the discussions of each of the metals and
minerals that follow,

Mining and Exploration Activity

Following the recession of the 1930's, the supply requirements for World War II
focused some attention on this region as a source of strategic metals and minerals. The
only major developments that grew out of this effort were two mercury mines — the Red
Devil in southwestern Alaska and Pinchi Lake in central British Columbia.

Construction of the Alaska Highway in 1942 opened up a broad swath of previously
inaccessible area to exploration, and later construction of the Mayo road north of
Whitehorse in 1952 spurred both exploration and output from the Mayo district, per-
mitting virtually year-round fast truck transportation of concentrates to the White Pass
Railroad at Whitehorse, thence to Skagway, and by boat to markets far to the south. Up
to then, transportation of supplies to and concentrates from this important district was

dependent on movement by boat on the Stewart and Yukon Rivers to Whitehorse in the
summertime.

During the late 1940's, a large number of reports were issued by the Geological
Survey and Bureau of Mines, U. S. Department of the Interior, describing geological
and development work done on many metal and mineral deposits in Alaska under the
Strategic Minerals Program during and following World War II.

The Korean War in the early 1950's sparked a much heavier effort by the U. S.
Government and industry to develop and expand mineral output to meet growing needs
for the war effort and for an accelerated stockpiling program. This resulted in only
minor contributions from Alaska —~ expanded but minor output of antimony, tin, and a
little tungsten. These were dwarfed by the effects of the military construction program
in Alaska, which brought sand and gravel up into the group of major minerals produced.
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- - TABLE V-I. PRODUCTION OF THE PRINOPAL METALS AND MINERALS IN NORTHWEST
NORTH AMERICA, 199- 1959, INCLUSIVE (BRITISH COLUMBIA THROUGH 1958)
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The program of U. S. Government purchases at premium prices following the
Korean War resulted in minor shipments of chromite from the Kenai area from 1954 to
1957, Virtual cessation of the Government purchase and stockpiling program in 1958 put
an end to the few previous efforts to mine some of the strategic minerals in the area.
Rising costs in the past two decades, coupled with the fixed price for gold, have re-
sulted in lowered production of this metal.

However, full realization by the major metal companies of the long-term problem
faced by them in providing assured reserves to meet expanding future demands has re-
sulted in greatly accelerated world-wide exploration programs during the 1950's. The
area under study has shared importantly in this general effort. Such exploration
activities have been concentrated on the following areas in the region under study:

(1) Southeastern Alaska, (2) southern Yﬁk_on Territory, (3) eastern margin of the Coast
Mountains in British Columbia, (4) Kuskokwim River area of southwestern Alaska, and
(5) Kobuk River area of northwestern Alaska.

Smitheringale et al. (1) estimate that an approximate minimum of $25 million has
been spent since 1940 on exploration of mineral deposits in northern British Columbia,
with emphasis having been given to the 30 per cent of the country with relatively ex-
posed rock outcrop above the timber level. They aver, moreover, that '"most, if not
all, of the oxidized or gossan areas above timber line have been examined', but that
"these examinations have been made against a background of remoteness and limited
transportation' that will justify some later re-examination. Probably expenditures of
at least comparable amounts have been made during that 20-year period in each of
southern Yukon Territory and Alaska,

By and large, what has this effort yielded in the discovery of major, steady
mineral products? The number is brief, indeed, listed as follows: (1) Red Devil mer-
cury mine in Alaska, (2) Cassiar asbestos mine in northwestern British Columbia, and
(3) Canada Tungsten Mining Company's large tungsten deposit in Northwest Territories
just east of the Yukon Territory line (steady operations definitely planned starting in

1961).

However, the exploration work over this period has also yielded large numbers of
prospects of varying size and grade on which varying amounts of development work have
been done. Some of these will certainly become active in the next two decades, with
their commercial exploitation depending on more favorable conditions in world markets.

Maps showing locations of the better known metal and mineral deposits were de-
rived from sources too numerous to cite in detail. However, most of the lpcations in
Alaska were taken-from a recent map prepared by the Alaska State Department of Mines
entitled "Better~-Known Mineral Deposits, Petroleum Possibilities, and Existing and
Proposed Roads'; 'and many occurrences in the Yukon were taken from the map accom-

panying an unpublished report by A. E. Aho on '"Mineral Possibilities of Yukon Territory",
March 1958.

A series of four maps was issued in the summer of 1960 by the U. S. Geological
Surve};(SOa,.b, ¢, d) showing occurrences of thirteen metals in Alaska. These also showed
quadrangle boundaries and listed references of Government publications that describe the
occurrences of specific metals in each quadrangle. These maps were of only limited use
for locations of significant metal deposits, because the Survey pointsoutin an explanatory
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note, ''No attempt has been made to evaluate the occurrences on the basis of size; well-
explored deposits with large reserves....are shown by the same symbol as occurrences
that are essentially mineralogical curiosities.! However, these maps were useful in the
preparation of Figure V-10, which shows the comparative lode potential of areas in the
region under study. This map, is presented and discussed briefly in the Summary on
page V-68.

Iron Ore

Past Production

So far as is known, no commercial production of iron ore has come from the area
under study. Quantities measured in thousands of tons have been produced (some
shipped out of the area) for purposes of beneficiation and smelting tests.

Reserves

Technical advances during the past 15 years in the beneficiation of low-grade iron
deposits, and discovery of greatly improved operations of blast furnaces by use of higher
grade agglomerated ore or concentrate, have had a marked influence on the definition of.
iron-ore reserves of the world, including the area under study. Prior to these develop-
ments, deposits generally had to carry close to 50 per cent of iron to be considered com-
mercial, except under special conditions where lower grade material was situated close
to supplies of limestone and coal in proximity to markets for iron or steel. Now, de-
posits down as low as 20 per cent or even 10 per cent of iron are being given serious
consideration for future exploitation in the Area.

Generally speaking, the reserves of potential ore in the Area may be grouped into
two broad classes:

(1) Relatively small deposits running as high as several million tons of medium-
grade iron ore carrying around 40 to 50 per cent of iron, generally less than
1 per cent of copper, traces of gold and silver, and usually relatively high
sulfur. Most of the contained iron is in the form of magnetite, and the copper
is commonly present as chalcopyrite (the copper-iron sulfide). These de-
posits are termed '"'contact-metamorphic' or '"replacement' type by geologists
and are generally found south of the Petersburg-Wrangell area in South-
eastern Alaska.

(2) Huge bodies of titaniferous magnetite disseminated in and associated with
large basic igneous intrusives that are measured in hundreds of millions of
tons of material carrying around 15 to 20 per cent of iron and a few per cent
of titanium. These are termed '""magmatic' type and are found generally in
the portion of Southeastern Alaska north of the Petersburg-Wrangell region;
one (Kemuk Mountain) has recently been discovered by drilling through surface
overburden in the geologically similar area a short distance north of
Dillingham in southwestern Alaska (Figure V-1, No. 8).
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Thin beds of iron formation similar to the Algonkian types in the Lake Superior
region -running 25 per cent or less of iron and associated with dolomites have been re-
ported just north of Eagle near the Yukon Territory line in eastern Alaska. Also,
boulders and fragments of hematite iron formation have been reported from many spots
in the Ogilvie Mountains in west- and north-central Yukon Territory north and northeast
of Dawson, and within and north of the Mayo mining district.(za) These occurrences can
only be considered as indications that deposits of significant size and grade might be
found by further prospecting. A large deposit of low-grade material varying from 22 to
40 per cent of iron is known to occur in western Alberta just north of Hines Creek
(Figure V-1, No. 9). This depositis reported to cover an area of about 43 square miles
with an average thickness of some 10 feet, comprising about l.billion tons. . The possi-
bility of smelting this by some sponge-iron process using nearby supplies of natural gas
might appear attractive if sizable markets for iron and steel were closer at hand.

Loocation 6f the better known occurrences of iron ore in the Area are shown in
Figure V-1. Brief descriptions will be given of those deposits that appear most promis-
ing for commercial exploitation during the period 1960-1980.

(1) Klukwan Alluvial Fan. Located about 25 miles northwest of Haines on the
Haines Cutoff of the Alaska Highway (Figure V-1, No. 1), this is a detrital
deposit accumulated by weathering and erosion at.the base of the large
Klukwan magmatic lode deposit in the mountain to the east. - The U. S.
Geological Survey.has estimated that the fan deposit comprises around 500
million tons of material containing an average of 10 per cent of magnetic iron
(plus or minus 3 per cent). (3) Columbia Iron Mining Company of United States
Steel Corporation has done considerable drilling on this deposit and has also
made extensive concentration and smelting tests on two 5000-ton samples
shipped out in 1958 and 1959. By grinding and magnetic concentration, ‘the
material can be raised to a product of about 60 per cent of iron while holding
the TiO} to less than the 2 per cent present in the original material. The
crude concentrates also carry around 0. 2 per cent of V5,Og (vanadium pent-
oxide). The resulting material can be handled by special practices-in a blast
furnace, or by blending with other ores, but both are considered undesirable.
Such titaniferous concentrates can be handled very satisfactorily, however, in
an electric pig-iron smelting furnace. Possible methods of mining the deposit
are under study.

(2) Klukwan Lode Deposit. Located as described above, this deposit is probably
measured in hundreds of millions to a billion or more tons of titaniferous
magnetite that contains around 15 to 20 per cent of iron and around 3 to 4 per
cent of TiO. Results of the geologic studies and annual assessment work on
the claims have not been made available, so reserve estimates are decidedly
guesses, except that the deposit is huge in size. The material would require
fine grinding and magnetic concentration prior to use,

(3) Port Snettisham Deposit. This is located about 35 miles southeast of Juneau
on the northwest tip of the peninsula lying to the northwest of Tracy Arm
(Figure V-1, No. 2). It is a huge low-grade magnetite deposit of the mag-
matic type, with the crude ore carrying about 17 per cent of iron with 3 to 4
per cent of TiOp. It is reported to concentrate very well at 150 to 200 mesh,
increasing the grade to 64 to 65 per cent of iron. The TiO3 cannot be elimi-
nated entirely in the concentration, but it is lowered from the 3 to 4 per cent
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in'the crude ore to 2.5 to 3.0 per cent in the concentrates. It is described in

-U. S. Bureau of Mines Report of Investigation 5195 (1955), but is said by one -
.of the owners to be larger than shown in that report. No reserve tonnages

were given therein, but one of the owners reports that it may exceed 100
million tons of concentrates, indicating crude-ore reserves in the ground of
over 400 million tons.

Union Bay Deposit. Located on the northwestern tip of Cleveland Peninsula
about 35 miles northwest of Ketchikan (Figure V-1, No. 3), this magmatic
type of magnetite deposit is reported to be somewhat higher in grade than the
others of the same type described above (18 to 20 per cent of iron) and about
double the size of.the Snettisham deposit. Titania content is about the same
as the others, No reports have been written describing grade and reserves,
but a detailed geologic description has been published that discusses origin
of the deposit, (4)

Small Contact-Metamorphic or Replacement Copper-Bearing Deposits. Many
of the numerous higher grade magnetite deposits of this type scattered through
the southern part of Southeastern Alaska may well be exploited in the next few
years, Some of these have been operated in the past in an attempt to recover
only the copper content that generally runs less than 1l per cent, with traces
of gold and silver, and occasionally palladium. KEach deposit is measured in
terms of a few million tons of ore that usually varies between 40 and 50 per
cent of iron, The copper content is objectionable for use of this ore as iron
ore, but the high-copper portions are amenable to selective mining and con-
centration for sale as copper concentrate., Serious consideration is being
given to concentrating much’ of the material mined, with the coarser, high-
sulfur material for sale as sinter feed. These deposits are generally similar
to those in southwestern British Columbia on Vancouver and Texada Islands,
where selective mining and concentration of this type have been practiced.
Deposits of this type that have received recent attention for exploitation as
direct-shipping iron ore are:

(a) The Mt. Andrew-Mamie area on Kasaan Peninsula about 30
miles northwest of Ketchikan (Figure V-1, No. 5)

(b) The Poor Man deposit on Kasaan Peninsula (Figure V-1, No. 5)

(c) Jumbo Basin deposit (Figure V-1, No. 6)

(d) Duke Island deposit (Figure V-1, No, 7)

(e) The Bradfield Canal deposit (Figure V-1, No. 4).
The U. S. Geological Survey estimated late in the 1940's that total iron-ore
reserves on Kasaan Peninsula might be of the order of 5 to 10 million tons of
contained iron (10 to 25 million tons of ore). It is quite probable that once
these deposits are developed and mined, substantial additional reserves will

be found, as has been the case on Texada Island where initial reserves of 1
to 2 million tons have been increased to around 10 million tons.



Potential Uses and Markets to 1980

Consideration of future markets for iron ore from the region under study now must
be confined to countries bordering the Pacific Ocean. United States (other than West
Coast) and European markets will be amply supplied from present sources and from the
new huge mining developments (past, present, or planned) in (1) eastern Canada, (2) Lake
Superior (taconite), (3) Venezuela, (4) Brazil, and (5) Africa. In a summary release on
iron-ore supplies issued by the American Iron and Steel Institute on December 31, 1958,
the statement is made:

""There is no scarcity of iron ore in the world. In nearly all Atlantic areas
of the Free World enormous deposits of iron ore are found — in such vast
quantities that no calculations of so-called 'reserves in the ground' are any
longer of primary significance."

A casual look at tabulated iron-ore-~reserve data published by 'the United Nations in
1955(5) is ample evidence for the above statement, especially in view of technological
developments that have brought such huge tonnages of low-grade ore into the commercial
category. Incidentally, the vast tonnages of low-grade ore 1{1 the Mt. Reid-Wabush Lake
area of eastern Quebec were not included in the reserve figukes given in the United
Nations study.

Major outlets for the Alaskan iron ore must be pretty much limited to markets on
the West Coast of the United States and in Japan — the only two centers of steel manu-
facture of any consequence in Pacific Basin countries that are deficient in local iron-ore
supplies.

Kaiser Steel's needs for ore to feed their Fontana blast furnaces will probably be
amply supplied from their own Eagle Mountain mine nearby for well over a decade,
beyond which other supplies may be needed,

With continued industrial growth of the Pacific Coast states, there is bound to be a
need for additional integrated steel plants with ore-reduction facilities in that area within
the next 20 years. At least two large companies have been investigating iron-ore re-
sources in countries along the Pacific Coast of the Americas for some time — presumably
in connection with long-range plans for possible plant locations on the West Coast. One
of these companies, the United States Steel Corporation, has announced its intentions to
locate an integrated plant on the West Coast.

With respect to Japanese markets, a 1958 U. S. Foreign Service dispatch(éa) indi-
cated that Japan had estimated required imports of 21 million tons of iron ore per year
by 1965, with sources estimated as follows:

Million Tons

India

Malaya

Communist China

Goa

United States

South America

Canada

Other countries and new
sources in Philippines
and Malaya

DN o= = = NN Wb
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Japanese were also reported active in developing Chilean and Indian ore deposits and in
negotiating with Communist China for ore supplies.(éa) More recently reports inthe trade
press indicate widespread Japanese interest in mine development or purchase of in-
creasing amounts of iron-ore from Malaya, various parts of Africa, and British
Columbia., By 1980, Japan's requirements might well rise by another 50 to 100 per
cent, Inspection of the United Nations iron-ore survey reveals that sources of iron ore
are plentifully scattered in countries bordering the Pacific. Sizable reserves of high-
grade ore and huge reserves of low-grade ore are known to occur in parts of nearby
Manchuria not far from the Mukden railway, for example. It would be virtually im-
possible, therefore, to attempt to predict how firm a market there might be in Japan for
Alaskan iron ores for 20 years in the future. A growing market exists there, however,
and keen interest by the Japanese in the Alaskan ores has been shown for several years.

British Columbia has given serious consideration to the economics of producing
steel for the modest needs of the western provi.nces(7) with economics apparently
favoring use of scrap as raw material. Iron-ore resources are deemed ample, however,
to supply such an operation over its amortization period. If the operation were based
on ore, British Columbia's past ore-export market to Japan might well be shifted to
other sources — possibly to Alaska. Decision of Consolidated Mining and Smelting Co,
late in 1959-to produce 100, 000 tons of steel from iron-bearing tailings from the Sullivan
mill at Kimberley, British Columbia is an initial step to supply this local market. '

There remain for consideration the possible markets for pig iron or perhaps steel
ingots that might be produced by electric smelting and oxygen converting of the Alaskan
ore, by use of the relatively low-cost potential hydroelectric power available in areas

‘close to the Alaskan iron ores. Some consideration of this is being given by at least two
of the companies interested in the Alaskan ores. Presumably markets could be found in
the future either on the West Coast of the United States or perhaps in Japan if pig iron or
steel can be made and sold profitably at an attractive price.

Possible Electric Smelting

In connection with possible electric smelting of iron ore, the Alaskan iron de-
posits have the advantage of: ’

(1) Location on or reasonably near protected deep salt water, affording accessi-
bility to cheap transportation.

(2) Amenability to open-pit mining in a climate that will permit year-round opera-
tion with much more moderate winters than are found in the Lake Superior’
district, for example.

(3) Nearness to numerous sites for developing relatively low-cost hydroelectric
power needed for mining, beneficiation, or smelting. The sites with large
potentials (Taiya, Taku, and Stikine) that could support big electrometallurgi-
cal operations involve complications of international agreement for their de-
velopment, together with serious problems in financing, but there are a num-
ber of smaller sites that include water storage within Alaska that could support
large-size mining and milling operations, and a few that could support
moderate-size electrometallurgical operations.
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With respect to electric smelting of iron concentrates in the area, the minimum-
size economic operation would probably be around 500 tons per day (175,000 tons per
year) of pig iron or so-called semisteel. This would require around 30, 000 kw of elec-
tric power for a combination rotary-kiln pretreatment plant and electric pig-iron fur-
nace at an assumed 90 per cent load factor, including power needed for mining and
beneficiation. This type of operation could fit the Snettisham deposit. Daily production
of 500 tons of pig iron would require roughly 925 tons-of concentrates of 60 per cent iron
content, assuming 90 per cent furnace recovery. Atan 88 per cent recovery in bene~
ficiation and a concentration ratio of 4 to 1, this would require about 3700 tons of 17 per
cent ore per day. Assuming the smelter operated 350-days per year, and the mine'and
mill 300 days, daily output of the mine would have to be about 4350 tons per day, -amount-
ing to about 1.3 million tons of ore per year. Estimated ore reserves of several hundred
million tons would supply such an operat1on for several hundred years.

The potential Snettisham hydro project, which combines power from Long Lake
and Crater Lake about 20 miles to the northeast with about 32, 000 kw of prime power,
would be an attractive source for the electricity needed for such a project. Power cost
estimate’s ade by thé Army Corps of Engineers(8) are around 6 mills at the plant, to
which ‘a little must be added for transmission costs, '

A possible complication arises from the fact that this site has also been mentioned
as a logical source of power for the newsprint-pulp mill under serious study by the
Georgia-Pacific Company for location at. Juneau. Sweetheart Falls, only a few miles
from the deposit, could supply ample power for mining and concentrating at probably
lower costs, but has insufficient capacity for either the Georgia-Pacific mill or for a
- 500=-ton-per-day electric smelting plant.

; The Yukon-Taiya power project would be the logical one to supply power.needs for
a substantially larger iron smelting project in the vicinity of the huge Klukwan fan de-
posit. . A Bureau of Reclarnation..report(9) cited cost estimates based on January, 1951,
prices at 2.1 mills per kwhr for a project to supply 340,000 kw in the first stage and
900, 000 kw ultimate. Costs per kwhr at present prices might well be 25 to 50 per cent
higher, but probably would still be below 4 mills per kwhr,

"Let us assume a fairly substantial sized smelter producing about 3000 tons of steel
per day (about 1 million tons per year of 350 operating days), using a rotary-kiln pre-
treatment.plant and electric pig-iron furnaces, followed by oxygen converters, Power
requirements for such a plant, including mining, beneficiation, smelting, oxygen
generation, and incidentals, would be of:the general order of 200,000 kw.- This would
be a substantial piece of the 340,000 kw available in the first stage of the hydro project.

Production of 3000 tons of pig iron (or steel) per day would require about 5500 tons
of 60 per cent concentrates, With 10 per cent ore, and recovery of 90 per cent, this
would take about 37,000 tons of ore per day, or about 13 million tons per year. Esti-
mated reserves in t.he fan at Klukwan would be ample to keep such an operation going for
well over 50 years,

The kiln pretreatment-electric smelting process assumed does not require coking
coal in its operation. Coal from either the Matanuska or potential Bering River districts
could be used. The 500~ton-per-day pig-iron operation would require about 75,000 tons
of coal and 30,000 tons of limestone per year, and the 3000-ton-per-day operation would
use about 450,000 tons of coal annually, plus 180,000 tons of limestone, in a 350-day
working year,
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One other possibility might develop for smelting the Klukwan iron deposits.  Qil-
drilling activities near Yakutat, along the coast some 140 miles westward from Klukwan,
have indicated sizable gas shows, and additional drilling is planned there. Should a
sizable gas deposit be found, there is the definite possibility of piping this gas to
Klukwan via the Tatshenshini River and Haines Cutoff route, and smelting the iron con-
centrates by one of the sponge~iron processes such as the HyL, now being used success-
fully to smelt iron ore at Monterrey, Mexico,

Low=-cost power for any such project at the Union Bay iron deposif is not available
in sufficient quantities from separate intra-Alaska hydro projects. Any large iron-ore
smelting project there might well have to await the development of power from the Stikine
project in a -joint Canada-United States undertaking, which is not visualized by Battelle
during the next 20 years. Moreover, interest in developing the more easily mined fan
deposit at Klukwan has been relatively greater than in exploiting the Union Bay lode
deposit,

In summary, Battelle conéludes that >mi.ning and concentration of iron deposits in
Southeastern Alaska might well develop within the next 20 years, with annual output of
ore or concentrates of the following order of magnitude as a reasonable estimate:

Annual Output,
short tons

Snettisham 325,000 (concentrates)

Klukwan (fan) 2,000,000 (concentrates)

Kasaan Peninsula deposits 600,000 (ore and concentrates)
Total 2,925,000

It would appear to be feasible to forecast smelting operations at Snettisham and
Klukwan within 20 years, provided hydro plants are constructed by other parties to
supply the low-cost power needed. There is no chance that steel or iron-ore companies
would consider such operations if they had to supply the capital needed for construction
of the costly hydro projects.

If such power is provided, it appears feasible to forecast operations that might
produce around 1l million tons of pig iron or steel at Klukwan annually and around 175, 000
tons at Snettisham.

The Kasaan deposits contain insufficient proved ore to consider their use for local

electric smelting, nor is sufficient power potentially available in that area for this
purpose.

Transportation Needs

Being directly on or close to tidewater, all the iron development projects need only
ocean shipping to provide raw materials and supplies, and to ship their products. Dock-
ing facilities would have to be built, of course, but these would normally be provided by
companies exploiting the resources,

Estimated potential outgoing tonnages of products have been given above which total
around 3 million tons of iron ore or concentrates, or a total of around 1, 175, 00C tons of
pig iron or steel plus, say, 600,000 tons of ore concentrates, Concentrates or steel
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from Klukwan are visualized as moving to the West Coast of the United States; ore or
concentrates from other deposits largely to Japan; and pig iron from Snettisham to either

Japan or the West Coast of the United States.

Inbound shipments would be heavy during construction work on the projects, but
would drop off to modest amounts of general cargo to supply the plants, once in opera-
tion, plus the needs of the population required to operate them. Smelting operations
would require inbound annual shipments of 75,000 tons of coal and 30,000 tons of lime-
stone at Snettisham, and 450,000 tons of coal and 180,000 tons of limestone at Klukwan.

Potential Impact on Economy

The potential impact of the projected iron-ore mining, beneficiating, and smelting
operations on the economy of Southeastern Alaska would be substantial, indeed. With
the size and nature of operations so highly conjectural as they are at this stage, any
estimates of employment, payrolls, etc., that might be involved are equally speculative,
Assuming, however, that the Snettisham and Kasaan operations would be open-pit mining,
with general labor productivity comparable to the 1953 open-pit average for Minnesota,
about 65 workers would be needed for mining at Kasaan, and perhaps 140 at Snettisham.
Beneficiation would require perhaps another 50 men at Snettisham, Conversion of the
Snettisham concentrates to pig iron in a combination kiln-electric furnace plant would
probably require an additional force of close to 200 men.,

The larger size operation visualized at Klukwan would be more difficult to judge in
terms of labor requirements — especially for the mining operation. This is because the
method of mining is so highly conjectural. If dredges could be used effectively, the man-
power requirements would be lowest. But at any rate, to produce 37,000 tons of material
per day would probably require of the order of 500 men plus some 200 in the mill and
shops. The smelter would require around 800 additional men to turn out around 3000
tons of steel per day. Total labor force for turning out ore and concentrates in the three
areas would approximate 900 to 1000, with maximum about double this figure if the con-
centrates were converted to pig iron at Snettisham and to steel at Klukwan.

If we assume a value at the mine or plant of say 16 cents per long ton unit of iron
(22, 4 pounds) in the ore or concentrates shipped, and say $50 per net ton for pig iron
and $70 per net ton for ingot steel, the annual values would be of the order of:

Annual Value

Kasaan
600,000 short tons ore (50 per cent iron) $ 4,280,000
Snettisham
325,000 short tons concentrates (60 per cent iron), or 2,780,000
175,000 short tons pig iron 8,750,000
Klukwan
2,000,000 short tons concentrates (56 per cent iron), or 16,000,000
1,050,000 short tons pig iron, or 52,500,000
1,050,000 short tons steel 73,500,000

Minimum value of products on the above assumptions (ore and concentrates only)
would total about $23 million, and maximum by conversion to pig iron and steel would
come to about $86 million per year.
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Smelting operations would require a total of over 500,000 tons of coal and 200,000
tons of limestone annually, all of which could be supplied frorn Alaskan sources, pro-
viding more year-round employ'tnent and product values.

Development of the iron ore deposits in the Hines Creek Area of Alberta is consid-
ered probable within the period 1960-1980, 1nc1ud1ng product1on of around 350,000 tons
of steel annually from the mining "of around 1.5 million tons of ore. This mlght well
utilize low-cost e1ectr1c power from the planned Peace River hydro development in a
combined pretreatment -electric smeltmg operation to produce pig-.iron, followed by use
of oxygen converters to produce steel. The low-cost natural gas in the region might be
used as an alternative reductant in the smelting operation. Nearby coal deposits could
contribute. "

Such an operation would employ an estimated 200 men in the mine and mill, and
300 in the smelting ope ration.

Copper

Past Production

Past output of copper from the Area was featured by the fabulously rich ore
mined at the Kennecott mine in Alaska (Figure V-1, No. 26). From 1911 to 1938 this
famous mine produced some 5 million tons of ore averaging 12. 7 per cent of copper,
yielding about 600,000 tons of copper sold, having a total value of around $200 million.
Additional substantial amounts were produced in the early decades of the century from
mines in the Prince William Sound area and in southern Southeastern Alaska.

Since 1941, value of copper output from Alaska has been less than $10, 000 annually
(Table V-1), and none has been reported from Yukon Territory, British Columbia pro-
duced minor amounts from 1939 through 1945, then jumped to between 1,246 and 2, 650
tons annually between 1952 and 1957 when the Tulsequah mill treated ore from the
Tulsequah Chief and Big Bull copper- silver-lead-zinc mines in the Taku River region
(Figure V-1, Nos. 41 and 42), Lower base-metal prices in 1958 caused the closing of
this operation. There is now virtually no production of copper from the entire area,

Reserves

Copper occurrences are widespread throughout the region under study, as may be
seen in Figure V-1, which shows locations of the better known deposits.
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Alaska

A more impressive picture of widespread occurrence is given in the map of copper,
lead, and zinc occurrences in Alaska(50D) prepared by the U, S. Geological Survey.

Twenhofel{10) has pointed out that the more promising copper deposits of Alaska
are found in the following regions: Southeastern Alaska, Prince William Sound, Copper
River- Yukon River region, Iliamna Lake, Kobuk-Noatak River, and the region around
the upper White River valley near the Yukon Territory border. Brief descriptions of
geological occurrences are given by Twenhofel and also by Fellows(11, 12) which will not
be repeated here. Estimates of reserves, by regions, given in Circular 252, are sum-
marized in Table V-2. Much attention has been given to the Orange Hill deposit
(Figure V-1, No, 27), and all the reserves shown in Table V-2 for the Copper River-
Yukon River region are represented by this large low-grade deposit. At the Survey's
estimated average copper content of 0.4 per cent, it is far too low grade to approach
commercial ore — now and undoubtedly for well over two decades in the future.

TABLE V-2, ESTIMATED RESERVES OF COPPER ORE IN ALASKA, BY REGIONS(2)

Indicated Inferred
Tonnage Grade Tonnage Grade Remarks
Southeastern Alaska 18,000, 000(b)  Most less than
(Numerous Deposits) 0. 50 per cent
of copper
Prince William Sound 1,500,000 Slightly more than 5,000.000 Slightly less than
(Numerous Deposits) 1 per cent of 1 per cent of
copper copper
Copper River-Yukon River Region 200,000, 000 0.4 per cent of Low values of
(Orange Hill Deposit) copper molybdenum,

gold, and
silver

(a) Source: Twenhofel, W. S., “Potential Ala:kan Minural Rewozrcus for Pre posal Electicchemucal and Electrormetallurgical Industries in the Uppes Lyan Canal Area,
Alaska”, U, S. Geological Survey, Geological survey Circular 252 (1951).
(b) Indicated and inferred.

Other deposits, not included in the estimates in Table V-2, are briefly described
as follows:

(1) Ruby Creek, Kobuk River Region (Figure V-1, No. 20). This has received
considerable attention by one of the large copper companies, including exten-
sive drilling in the past four summer seasons. Area drilled is about 2000 feet
long by 400 feet wide, comprising a brecciated reef zone in limestone miner=
alized with copper sulfides, Values are highly erratic, with many sizable rich
sections revealed in drill holes, but with disappointing results in trying to es-
tablish lateral continuities. A rough generalization for the entire area drilled
would give a total tonnage of around 100,000,000tons averaging around 1. 2 per
cent of copper. Chadwick{13) described the geology and probable operating
problems, concluding that capital and operating costs would average roughly
1.5 times those for a copper mine in, say, Arizona. Others have opined that
this ratio should be higher,

As of mid-1960, the company was not ready to say whether or not a mine could
be developed in, say, 5 years. Transportation would be a very serious problem
in moving supplies into and concentrates out of the area, with Kotzebue Sound
to the west open only 2 to 3 months out of the year. Necessary lighterage of
12 to 14 miles from shore to shipside would add further to shipping costs.
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(2) Sumdum (Figure V-1, No, 21). This is located at an elevation of several thou-
sand feet along the mainland coast across Endicott Arm from the abandoned
village of Sumdum. It'was prospected and drilled to a limited extent in 1959;
an official of the company that did the drilling reported it as a massive sulfide
deposit — perhaps as much as 30,000,000 tons — that would average less than
1 per cent of copper. The company does not consider it high enough in grade
for exploitation under present market conditions. Its location directly on deep,
protected tidewater is a favorable feature, but it would have to be mined by
underground methods.

(3) Brady Glacier (Figure V-1, No., 25), Little is known of this except that it is a
promising copper=-nickel deposit that was diamond-~drilled through the glacier
in 1959 and was scheduled to be drilled more extensively in 1960 by another
company.

(4) lliamna Lake and Kasna Creek (Figure V-1, Nos, 28 and 29). Discovered in
1906, both these deposits have been known for many decades, with spasmodic
development work having been done at subsequent intervals without any com-
mercial production. Both are mineralized limestone belts of substantial size
that probably average somewhat less than 1 per cent of copper. Several large
copper companies have examined them in recent years, but are not impressed.

Yukon Territory

Copper occurrences in the Yukon appear to favor the area in the southwestern
corner in and along the margin of the St. Elias Mountains. Relatively common occur-
rences of copper pebbles in stream beds in this area, known for many decades, along
with large boulders and slabs of native copper, have attracted much prospecting in this
area. Several mines in the Whitehorse copper belt (Figure V-1, No., 31) produced
copper values of some $2. 7 million between 1905 and 1920, and these deposits have been
re-examined repeatedly since then but have been passed by as too small, Other more
promising copper deposits discovered in the past decade are as follows:

(1) Quill Creek (Figure V-1, No. 30). Discovery of this massive sulfide deposit
carrying as much as 8 per cent of combined nickel and copper created quite a
rush in 1952, Extensive trenching, drilling, and underground development in
the next several years delineated the ore body as containing only 737, 000 tons
of ore averaging 2, 04 per cent of nickel and 1. 42 per cent of copper, plus
substantial values in cobalt, gold, and platinum group metals. Exploration
was suspended because of small tonnages shown in lower levels of the
underground development workings. The grade is attractive, but tonnage is
too small for any sizable undertaking. In 1960 Japanese parties were showing
active interest in leasing or purchasing the property.

(2) Johobo (Yukon Star) (Figure V-1, No. 32). Shipment of some 600 tons of high-
grade copper ore from this property to Japan in 1959 has been reported. It
occurs as branching 10-foot-wide massive veins high in bornite (copper-iron
sulfide), with wall rock on each side of the vein running around 2 per cent of
copper. More work was scheduled on this property, located close to the
Haines Cutoff road, in 1960, and hopes were running high that this important
showing could develop into a really large and rich property.
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British Columbia

As already noted, most of the copper output in British Columbia in the past two
decades came from the Tulsequah Chief and Big Bull Mines. The latter is now mined
out, and since the Tulsequah Chief is predominantly a zinc mine it will be discussed
under lead-zinc in the next section, Copper in known ore reserves at this property is
probably of the order of 10,000 tons,

Brief descriptions of the better known copper occurrences in British Columbia are
given below. With the exception of the Granduc, relatively little development work has
been done to indicate size and grade of these copper occurrences.

(1) Granduc (Figure V-1, No. 23), Extensive drilling and underground develop-
ment work up to 1956 has indicated close to 30, 000,000 tons of ore grading
about 1, 8 per cent of copper, or a total of 540,000 tons of copper contained in
the ore. Located in extremely difficult terrain some 25 miles northwest of
Stewart, near and under a glacier, the problem of access has so far prevented
commercial operation. Access could be either by a 15-mile tunnel to the
southward, or down the Leduc and Chickamin Rivers to a terminal on Behm
Canal. In 1954 Granduc considered construction of a narrow=-gauge railroad
over this route and marine dockage and warehousing facilities; temporary
special-use permits were issued by the U, S. Forest Service for these
facilities, but the company decided against this and requested cancellation of
the permits. More recent underground development has reportedly increased
the reserves, and more such work is planned for 1960,

(2) Scud River Deposits (Figure V-1, No, 22), Several copper occurrences of
substantial size have been found in the Stikine River area some 40 miles north
of the lower reaches of the Iskut River, indicating a ""copper province' ex-
tending between Porcupine and Scud Rivers, possibly as far as More and Ball
Creeks. (13) Others are known in the Mess Creek area southeast of Telegraph
Creek and in the Tahltan~Sheslay Rivers area northwest of Telegraph Creek,
The deposits near the Scud River are located some 15 to 20 miles above its
junction with the Stikine, and are low-grade, disseminated deposits in granitic
stocks —~ typical porphyry coppers, Several of these have had a fair amount of
development work indicating large size (perhaps of the order of 50,000,000
tons each) and grades of around 0.9 per cent of copper or lower, Another
source opines grades varying between 0. 75 and 1.50 per cent of copper. They
appear to be just in the submarginal range, but additional development work
might prove them to be better.

To be of real interest, one company reported that big deposits in that area
should be over 1 per cent of copper. Another company with interests in the
region reported that access difficulties are discouraging further development
work, and that more drilling and development would be done if there were
assured plans to construct a road up the Stikine River. Transportation by
river boat up the Stikine is now limited to about 7 months of the year (early
May to early December), If and when such a road were constructed to join
the Stewart-Cassiar road, transportation would, of course, be down to tide-
water rather than inland.
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Within this general region there may well be many millions of tons of contained
copper in these low-grade porphyry-type deposits, but much more work is
needed to define more accurately their size and grade, and, hence, the
economic feasibility of their cornmercial development.

The other copper occurrences shown in British Columbia in Figure V-1 (Toad
River, Magnum, Pesika Creek, and Jane Group) represent relatively small showings on
which varying amounts of sampling and drilling have been done, Descriptions of earlier
work on Pesika Creek were given by McLearn and Kindle, (15, 16) Insufficient work has
been done to appraise the potentials of these properties, but access is difficult for the
latter three,

Potential Uses and Markets to 1980

Trends in the United States copper industry from 1910 to 1958 are shown in
Figure V-2, The explosive increase in apparent domestic consumption of new copper
between 1938 and 1941 to a peak of over l. 6 million tons is an outstanding feature, with
World War II demand holding at around 1.5 million tons, The Korean War stopped the
downward trend in the late '40s, since when the trend has again shown a slackening
tendency to around 1. 2 million tons, Addition of old copper scrap to this consumption
picture would increase the figures by between 400,000 and 500,000 tons per year during
the past decade.
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Projected U. S. demand for total copper in 1975 by the Paley Commission was
2.5 million tons, including 0.7 million tons from old scrap. Early in 1960 a copper-
industry official projected consumption of refined copper to 2.4 million tons in 1975, (17
This actually represents a greater projected increase than that made by the Paley
Commission, because consumption of refined copper in 1950 was some 300,000 tons
less than the 1950 base of 1. 73 million tons' copper consumption used in the Paley
projection.

Other Free World demand in 1975 was estimated by the Paley Commission at
about 2 million tons. Vuillequez(17) projects it at about double this figure, reflecting
the strength of demand growth abroad during the past decade. Continuation of this trend
to 1980 would bring total Free World demand for refined copper to over 7 million tons
in 1980.

From the stiff competition with substitute materials suffered by copper in the past
decade and facing it in the future — especially from aluminum, but also from plastics -
it would appear that projections of U. S. consumption in 1975-1980 may be on the high
side. The expanded research and promotional efforts recently undertaken by the in-
dustry will have to produce effective results fairly quickly to raise the consumption trend
in the U. S, sufficiently to double the figure between 1958 and 1975-1980.

It would appear that a reasonable projection for 1980 demand for new copper in the
U. S. would be around 2 million tons, and for other Free World countries around 3.5
million tons — a total of 5.5 million tons of new copper.

Capacity of U. S, mines in 1959 was estimated(ls) at 1,195,000 tons, with planned
increases raising this to 1, 290,000 tons in 1963. Capacity in other Free World countries
in 1959 was 2,479,000 tons, with planned increases to bring this up to 2, 949, 000 tons in
1963. Free World total capacity for 1959 was thus about 3, 680,000 tons and is estimated
for 1963 at about 4, 240, 000 tons. This is considered to be somewhat in excess, both
for U, S. and other Free World countries, of present and 1963 projected demand for new
copper.

Industry representatives have opined that increased supplies from presently known
world sources will take care of increasing demands for the next 10 to 15 years, but that
new discoveries or major extensions of existing mines will be needed to meet mounting
demands thereafter.,

In judging the possible marketability of copper from ores in Northwest North
America, it must be kept in mind that potential mines there must compete for the mining
companies' funds for new development with potential mines in all other areas of the
Free World. Size and grade of deposits, capital and operating costs, and comparative
capital risks are major factors influencing decisions.

To get a rough picture of average grade of ores in world reserves, the following
tabulation is taken from U, S. Bureau of Mines '"Commodity Data Summaries — Minerals
and Metals', February, 1959,
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Reserves
Quantity,
Copper Content, Grade,
Country million tons per cent of copper

United States 32 0. 80
Chile 46 1. 97
Peru 13 0.91
Northern Rhodesia 22 3.71
Canada 7 1.70
Belgian Congo 10 4.00
Other Free World 14 2.00
Soviet Bloc 16 2.20
Total 160 Average 2.03

In the U, S. in 1958, small tonnages of direct-smelting copper ores yielded an
average of 4, 78 per cent of copper, and milling ores (virtually the entire output of
copper) yielded an average of 0, 77 per cent of copper. Grade of ore mined was higher
than this, of course, since losses of some 7 to 10 per cent are involved even in best
milling practices. "

Rough indications of competition faced by potential copper projects in Northwest
North America are given in the following tabulation, showing size and grade of ore re-
serves for a few recent major new copper-mine developments:

Ore Grade,
Reserves, per cent of
short tons copper
Campbell Chibougamau (Quebec) 7,150, 000 2,62
Timagami (Ontario) 100, 000 13.0
Toquepala (Peru) 1,000,000, 000 1.0
(three districts close
together)
Rio Blanco (Chile) 116,000,000 1.6
El Salvador (Chile) 375,000,000 1.5
Northern Rhodesia 2,000,000 4.8
Christmas, Arizona 20,000, 000 1.83
Esperanza (Arizona) 49,000, 000 0. 75
Copper Rand Chibougamau 824,000 2.83

(above 525-1t level)

Prices for copper will have an important bearing on possible future exploitation of
copper resources in the area under study. Long-term projections are hazardous and
conjectural, at best, but in a comprehensive analysis Sheall9) concludes that 'an
average price of 30 cents | per pound] will be sufficient to cover all operating costs and
at the same time provide a reasonable margin of profit for most copper producers' in the
period 1960-1975. However, he assumes industrial use of refined copper in the U. S. in
1975 at around 2 million tons and total world (including U. S. S.R. and satellites) at 5
million tons, These would project to around 2. 2 million tons for the U. S. and 5.4
million {or the world in about 1980 — about the same as projections for new copper of
2 million tons for the U, S. and 5.5 million tons for the Free World assumed in this
study. Vuillequez(17) concludes, however, that the price required to encourage the
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production of copper to be found in the future to supply the increasing demand '"'will
probably have to be higher than 30 cents per pound unless, of course, a huge new very
low-cost copper area is discovered'. He points out, appropriately, that the capital
costs of bringing new properties into operation, including mills and smelters, '"are not
on the way down, and the price of copper will have to reflect them and the other costs of
producing, financing, and distributing copper, plus a profit on the investment'',

Summarizing the marketability picture for copper ores from the region under
study, it would appear that large deposits averaging 1 per cent or more of copper on or
near tidewater might be good enough to develop in the period 10 to 20 years hence. This
might be advanced in time if foreign political conditions in present large copper-
producing countries develop unfavorably for continued production and expansion of copper
operations. Northwest North America does offer an attractive political climate with
minimum risk of prohibitive taxation and virtually no risk of expropriation actions to
which foreign operations may be subject in many other parts of the world. Deposits in
the region that are found at greater distances from tidewater will have to be of substan-
tially higher grade in order to bear the higher costs of transportation to markets, even
if roads are built to them.

Best chances for development of presently known deposits would appear to be:
(1) Sumdum, (2) the Stikine River porphyries, (3) Kobuk, and (4) Granduc. Assuming
further development would indicate reserves at each of the first three of the order of
50 to 100 million tons of 1 per cent of copper¥*, an economic size operation might be of
the order of 10,000 tons of ore per day, producing 360 tons of concentrates running
around 25 per cent of copper (assuming 90 per cent recovery with the copper mainly in
chalcopyrite), or 90 tons of contained copper per day. In a 300-day year this would
amount to about 27, 000 tons of contained metal annually, A 50-million-ton reserve
would insure operations at this rate for some 17 years, It is quite plausible to think in
terms of world copper markets absorbing the output of as many as four operations of
this size in the period starting, say, after 1970, This could perhaps comprise Sumdum,
Kobuk, and two operations in the Scud River area of the Stikine River region. It is also
plausible to consider world copper markets absorbing the future output of Granduc, oper-
ating at say 10,000 tons of ore per day.

The Sumdum deposit lies within some 25 miles of the excellent hydroelectric power
site at Sweetheart Falls, which with estimated installed capacity of 22,000 kw and prime
capability of 14, 500 kw, would supply enough prime power to operate mines and bene-
ficiation plants of both the Snettisham iron deposit and the Sumdum copper deposit.

The Kobuk deposit lies within 25 miles of the poterntial site on the Kobuk River
shown by the Corps of Engineers in their 1959 report which would supply 11,000 kw of
prime power — ample for operating a mine and mill with daily capacity of 10,000 tons of
ore daily.

The Scud River deposits lie some 50 miles north of a potential dam site on the
Stikine River some 10 miles from its mouth that could provide much more power than
needed for mining and milling ore from the two operations assumed near the headwaters
of the Scud. However, such a hydro development would involve an international agree-
raent with Canada and might well impose more difficult and costly road construction up
the Stikine and Iskut Rivers,

°It is quite likely, however, that economic operation of Kobuk may require an average grade of ore of 1.5 to 2.0 per cent of
copper.
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Transpo‘rtation Needs

For the development of Surndum, nothing would be needed except dock facilities to
handle shipments of around 9000 tons of concentrates per month (one boat load).

Development of the Scud River deposits would require a'good highway down the
Scud and Stikine Rivers a distance of some 150 miles to deep water in the southern part
of Mitkof Island, for the transportation of around 700 tons of concentrates per day or,
say, 18,000 tons per month, Companies interested in the area have confirmed that
movement of concentrates out of and supplies into the region would be westward to and
from the coast rather than inland and southward via any potential highway or rail
connection. o

The transportation needs for possible development of Kobuk are much more.con-
jectural, Located about 150 miles east of Kotzebue Sound and about 300 miles northwest
of Fairbanks, the district has a serious accessibility problem. - There is serious doubt,
in fact, whether any means of transportation would prove economic for moving copper out
in the form of concentrates, so search will be made for possible coal occurrences nearby
to permit local smelting of the concentrates and shipment of blister copper. A road
from Kobuk southwestward to a suitable harbor on Norton Sound would be necessary to
freight in supplies and ship out copper if the deposit proves rich enough to make a mine.

Development of the Granduc property would require access by a local road up the
Chickamin and Leduc Rivers from Behm Canal, as indicated earlier.

Potential Impact on Area's Economy

If and when five copper operations of these assumed sizes were developed, the im-
pact on the Area's economy would be substantial, Assuming average labor productivity
for copper ores cited by the Bureau of Mines of 2. 21 tons of ore per man-hour average
for 1947-1949(20), adjusted to 1958 by the index 161, 9(6b) (1947-1949 equals 100), the
1958 figure amounts to about 3. 6 tons per man-hour or about 29 tons per man day. An-
operation of 10,000 tons per day would thus employ about 350 men in the mine. The
mill and shops would require roughly another 100 men. '

Table V-3 shows a summarization of output and employment, including families
and service needs of mine and mill employees at the five potential copper operations just
discussed. Total population increase, including families and persons in service trades
with families, might number over 2500 at each operation.

Value of the contained copper in concentrates annually from each of such opera-
tions (90 tons per day for a 300-day year at 30 cents per pound) would amount to around
$16, 000, 000.



TABLE V-3. ESTIMATED OUTPUT, LABOR FORCE, AND POPULATION INCREASE AT FOUR POTENTIAL
COPPER-MINING OPERATIONS IN ALASKA AND BRITISH COLUMBIA

Estimated Grade of Total Population

Reserves, Ore, Tons of Tons of Hydro Labor Including

million tons per cent Ore Concentrates Power Force Service Trades and

Location of ore of copper Daily Per Day Per Month Available Mine Mill Dependents
Sumdum 30(a) 1(2) 10, 000 360 9,000 25 miles 350 100 2700
<

Kobuk 100 1. 5(b) 10, 000 540 13,500 25 miles 350 100 2700 '3
Scud River A 50(2) 1) 10, 000 380 9,000  Doubtful 350 100 2700
Scud River B 50(a) 1(a) 10, 000 380 9,000 Doubtful 350 100 2700
Granduc 30 1.8 10, 000 650 16,000 Possible 600 100 4200

(a) Highly conjectural.
(b) Grade probably required to make operation economic, which is higher than that shown by drilling through 1959 season.
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Lead~Zinc~Silver

Since lead, zinc, and silver usually occur in close association with each other in
ore deposits, they will be discussed as a group. Silver also frequently is associated
with gold, either in lode or placer deposits. The amounts of each of these metals
occurring in a given ore deposit will vary widely, of course, but in the types of deposits
found in Northwest North America they most frequently occur together in significant
amounts.

Except for the rich ores of United Keno Hill in the Yu.kbn, hbwever, the quantities
of these metals produced in the entire area in the past 20 years have been relatively in-
significant. The potentials in Alaska, Yukon Territory, and British Columbia will be
discussed briefly for each of these geographic areas.

Past Production and Reserves

Alaska

Table V-1 shows that annual lead production has never exceeded 1000 tons in the
period 1939-1959, with value having exceeded $100, 000 in only one year. Output since
1950 has been virtually nil. The record for zinc is even lower, with recorded produc-
tion since 1939 having been shown for only the years 1947-1950, when output amounted
only to small token shipments. Most of the silver produced in Alaska has come as a by-
product of gold operations = virtually all of it in recent years from gold placer opera~
tions, For the past decade output has varied between 22,000 and 53, 000 ounces valued
at $20,000 to $48,000. Production has been falling off steadily along with that of gold.

Occurrences of lead=-zinc-silver depoéits are scattered widely in Alaska, as
evidenced on the U. S. Geological Survey map(50b) of occurrences of these metals re-
ferred to in the copper section above. However, with the exception of the Mt, Eilson
deposits in the Kantishna district north of Mt, McKinley, virtually all the deposits
having any significance are in Southeastern Alaska. Most of the known zinc ores of
Alaska are of the ferriferous sulfide type known as marmatite(loa) instead of the com-
paratively pure zinc sulfide, sphalerite; this feature contributes to a lower grade and
complicates extractive metallurgy processes, (2la) Reserve tonnages for major districts
given below are taken from Twenhofel. (10b)

The Mt, Eilson deposits (Figure V-1, No, 40) contain an estimated 200,000 tons
of ore reserves carrying about 5 per cent of zinc, from 3 to 5 per cent of lead, and from
-0.2 to 0. 3 per cent of copper.

The lead-zinc deposits of the Grounchog Basin district on the mainland east of
Wrangell (Figure V-1, No. 44) are the largest known in Alaska. Reserves there have
been estimated by the U, S. Geological Survey at 550,000 tons of indicated and inferred
ore containing 8 per cent of zinc and 1.5 per cent of lead, plus about 500,000 tons of
much lower grade ore averaging 2.5 per cent of zinc and 1 per cent of lead. Limits at
depth and to the northwest have not been defined, so future exploration may well result
in increasing these reserve figures. The U. S. Geological Survey estimates that de-
posits in the entire Wrangell district (Groundhog Basin, Glacier Basin, Berg Basin, and
Lake Claims) contain more than 80, 000 tons of zinc plus 30,000 to 35,000 tons of
lead, (122)
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The Tracy Arm deposit (Figure V-1, No. 43) contains an estimated 40, 000 tons of
ore per 100 feet of depth averaging 3. 9 per cent of zinc and 1.5 per cent of copper. A
similar small deposit at Moth Bay on Revillagigedo Island contains an estimated 100, 000
tons of ore averaging 7.5 per cent of zinc and about 1 per cent of copper. A few other
deposits are smaller and lower grade.

A lead-silver lode occurrence a short distance south of Ruby was being trenched
and sampled by the U, S. Bureau of Mines in the summer of 1960, with encouraging
results. -

Yukon Territory

Lead-zinc-silver production has come almost entirely from the Mayo district,
where the United Keno Hill operation has operated successfully for many years, Early
operations in the district were confined to gold placer mining which followed shortly
after the Klondike was opened. Lode mining from the silver-lead veins of Galena and
Keno Hills started in 1912, and the record since then has been one of almost continuous
production, (2b) Table V-1 shows the lead-zinc-silver output for the Yukon for 1939-
1958. Figures jumped substantially in the late 1940's, and in recent years the annual
output has hovered around 12,000 tons of lead, 8000 tons of zinc, and 6 million ounces
of silver, plus around 100 tons of cadmium. The high silver content of around 40 ounces
per ton of ore mined is the predominant value that makes the operation economic.

Principal lead-zinc-silver occurrences in Yukon Territory will be briefly
described below, '

(1) United Keno Hill (Figure V-1, No, 47), With a long record of successful
operation, the outlook for the future of this enterprise appears very favorable,
Even though proved ore reserves in 1959 were only 550, 000 tons(2 ), pros-
pects for downward continuation of ore appear good, and chances of finding
additional deposits in the general vicinity also appear favorable. Reserves
at this operation have never amounted to more than 1 to 3 years' output. The
present reserves average 6.6 per cent of lead, 4.89 per cent of zinc, and
38. 21 ounces of silver per ton,

Milling rate is about 500 tons per day or about 175,000 tons per year, yielding
in fiscal 1959 about 16,000 tons of lead concentrates averaging 71 per cent of
lead, and 13,800 tons of zinc concentrates averaging 64.5 per cent of zinc,
plus about 6.8 million ounces of silver (largely in the lead concentrates). At
the present rate of mining and milling, the reserves amount to about a 3-year
assured supply. Driving of a lower-level adit toward the ore zones, started
in 1959, should be completed in 1960; results of development at this level
should indicate more clearly the longer-term outlook for future operations of
this enterprise.

About 500 men are employed at the operation(23), and basic wage scales are
at reasonable levels of around $1.70 to $2. 25 per hour.
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Concentrates are trucked from Keno Hill to Whitehorse, thence shipped by
White Pass and_Yukon railroad to Skagway, by ship to Vancouver, thence by
rail to Trail or other smelters in the Pacific Northwest, '

(2) Vangorda Creek (Figure V-1, No, 48), Located some 35 miles northwest of
Ross River on the east side of Pelly River, this is a relatively large deposit
of about 10 million tons that averages 4. 84 per cent of zinc, 3.05 per cent of
lead, 0.3 ger cent of copper, 1l.84 ounces of silver, and 0.02 ounce of gold
per ton. (25) The deposit is high in sulfides, running about 50 per cent of
pyrite. The property is held by Prospectors Airways Company, Limited, who
have performed considerable development work on it. (26)

To make this a commercial venture, lead and zinc prices would have to rise.
Consideration was given to mining and milling 2000 tons per .day, involving a
haul of 250 miles westward over a bulldozed trail to Carmacks and thence to
railhead at Whitehorse. Hauling costs were estimated at 10 cents per ton mile
in trucks or 6 cents per ton mile in diesel-electric truck-trains of six cars per
train and 30 tons per car. Decision-was made, however, to postpone operation.

(3) Hyland River (Figure V-1, No. 53). Held by American Smelting and Refining
Company, this property lies about 50 miles northeast of Watson Lake, and
was discovered around 1952, It contains an estimated 1,000,000 tons of ore
averaging 4.9 per cent of lead, 9.5 per cent of zinc, and 4 to 5 ounces of
silver per ton, Chances of extending the reserves are reported reasonably
good. This would involve a truck haul of over 350 miles to railhead at
Whitehorse. The grade is attractive, but size of reserves is too small to
consider for a sizable operation. At only 500 tons of ore per day (150,000
tons per year) the reserves amount to only 7 years' operation,

(4) Macmillan Pass (Figtire V-1, No. 51)., Hudson Bay Exploration and Develop-~
~ment found and drilled this deposit, known as the Tom Claims, located near
Macmillan Pass on the old abandoned Canol road. It contains an estimated
10. 5 million tons of ore averaging about 5 per cent of zinc plus low lead-
silver values. ' It is much too low grade to be economic in its inaccessible
location.

Other lead-~zinc-silver deposits, many of which are not shown on Figure V-1 are
scattered through the central, eastern, and southeastern parts of Yukon Territory. The
moderately metamorphosed sediments accompanied by intrusives in this broad belt are
considered to be northward geologic extensions of counterparts of highly mineralized
areas in the Coeur d'Alenes of Idaho and around Kimberley, British Columbia (Sullivan
mine). Itis considered good country for prospecting.

British Columbia

Earlier production of lead-silver-zinc from the area near the head of Portland
Canal (Anyox, Premier) has pretty much disappeared as many famous mines in this
area were depleted. Recent development work in the Anyox mine is rumored to have
yielded encouraging results, which might lead to resumed operations in the future,
Most of the lead and zinc from northern British Columbia mined in the past decade
(see Table V-1) came from the Tulsequah Chief and Big Bull operations of Consolidated
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Mining and Smelting Company on the Taku River, shown in Figure V-1 (Nos. 41 and 42),
The Big Bull operation was mined out and closed down in 1956. When the Tulsequah
Chief closed down in 1957 as a result of lower zinc prices, ore reserves were reported
to be some four times larger than estimated when the mine was opened, and about 1
million tons of ore had been produced in its 6 years of operation. Ore values are pre-
dominantly zinc, with lesser values in lead, copper, silver, and gold. Construction of a
road up the Taku River might well tip the economics in favor of reopening this operation,

Many other scattered lead-zinc=-silver occurrences are known in northern British
Columbia, only a few of which are shown on Figure V-1, Of these, an occurrence of
huge pieces of float (detached boulders) of solid galena carrying some 17 ounces of silver
per ton was found by Conwest along Frog River (Figure V-1, No. 55). Efforts to find the
ore body have been unsuccessful, but more work will be done on it in the next couple of
years, Access is difficult,

A highly capable geologist withlong experience in responsible positions inthe region
indicated to the writer only fair interest in northern British Columbia for future large
mineral discoveries, averring instead that the region will yield many relatively small to
medium properties, mainly of the lead-zinc-silver type.

Potential Uses and Markets to 1980

Brief indications of future uses and markets for lead, zinc, and silver will have to
be discussed separately, of course, since use patterns, technology, and competition
differs so markedly for each,

Lead, Figure V-3 shows trends in the lead industry in the United States, 1920-
1958. Consumption includes primary refined, antimonial, and secondary lead plus lead
in pigments made directly from ore. Major features are (1) the virtually flat level of
consumption in the 1940's and 1950's; (2) the sharp rise in imports beginning in the late
1930's; and (3) the gradual drop in U. S. output as a percentage of world production,

Principal uses are in storage batteries, in tetraethyl lead as antiknock additive in
gasoline, in cable sheathing, and in pigments.

The Paley Commission projected U. S, 1975 demand for lead (primary and
secondary) at a total of 1,950,000 short tons, a 61 per cent increase over 1950, In-
dustry, recognizing the strong competition ahead from other metals and materials, felt
that this was much too high, favoring an increase tied more closely to estimated popula-
tion growth. The record of annual lead consumption in the past decade throws doubt on
whether it can even keep pace with population growth, since it has stayed virtually level
between 1 and 1. 2 million tons while population has increased some 18 per cent. The
research program recently undertaken by the lead industry may well give the metal the
pickup necessary to keep the demand rising in ratio with population growth, Based on
estimated U. S. consumption of 1. 1 million tons in 1959(27) and Bureau of Census esti-~
mates (Series III) of 245. 4 million population in 1980 compared with about 177 million in
1959 (a 39 per-cent growth), U. S, lead demand in 1980 is estimated at 1.5 million tons
in 1980. Assuming secondary lead supplies 60 per cent of the demand, as estimated for
1960, the 1980 demand for new lead would amount to about 900, 000 tons, an increase of
250,000 tons over the estimate for 1960, It is doubtful if foreign demand will rise at a
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rate much faster‘t'.han the U. S. projection, Davis(28a) projects world consumption of
primary lead at only a slightly higher rate of increase than that for North American
consumption. In view of known world reserves of almost 50 million tons of lead con~
tained in ore, it would appear that future world demand for new lead can be pretty well
supplied from exploitation of known reserves. Plans to develop the Bathurst zinc-lead
-deposit in New Brunswick and the Pine Point deposit on the south shore of Great Slave
Lake will.add considerably to lead output. Other major new or expanded lead-producing
prOJects under construction, planned, or under investigation, include Sulfide Corporation
and Mt, Isa in Australia; American Zinc at Mascot Tennessee; Bunker Hill at Torlon,
Guatemala; and several companies at Enterprise, Utah, and at East Tintic, Utah,

From this review of thé lead picture, therefore, the outlook for development of
. lead-bearing deposits in the area under study appears none too promising. It is quite
possible, however, that a somewhat healthier outlook for zinc may bring a few known
properties into production. And if exploration were to uncover much richer lead de-
posits in the future — espec1a11y 1£ silver values run high — such deposits might well
become comrnerc1a_1 producers rapidly.
Best chances for production in the next 20 years would appear to be from Vangorda
- (say, at 2, 00.0 tons of ore mined and milled per day), and Hyland River (at 500 tons mined
and m!.lled per day*). Annual-output of concentrates at these two operations would be of
the order of 70,000 tons at Vangorda: (300 day year), and 30,000 tons at Hyland River.
Logical outlet would be by truck.to Whitehorse, and by rail and water to Skagway,
--Vazic;o'uver, and Trail,

‘This could mean operations at Vangorda (open-pit mining) employing some 75 men
in the:mine and 50 in the mill, shops, and in transportation. The smaller operation at
Hyland R1ver might employ several hundred persons in underground mm1ng and in mill
and shops.

_ Zinc. Trends in the zinc industry in the U, S., '1920-1958, are given in Figure
V-4, ‘Major features shown are: (1) the moderately slow rise in consumption since the
early 1940's, (2) the rise in smelter production from foreign ores since about 1940, and
(3) the drop in U, S. percentage of world production from about 60 per cent in 1920 to
about 25 per cent.in 1958,

: Ga._lva.nizing and die castings each account for around 40 per cent of slab-zinc
consumption, ' Although both these uses have been and are being subject to competition
_fr'om chér materials in their manifOld uses, zinc.is holding its position reasonably well,

The Paley Commission projected U, S demand for new zinc in 1975 at 1,5 million
tons, a 39 per cent increase over the 1950 figure of 1.08 million tons. Like lead, the
zinc-consumption picture in the U. S. has merely held a level path in the past decade.
When viewed-against the 16 per cent rise in population, consumption per capita has shown
a steady decline. The expanded research program recently undertaken by the zinc in-
dustry may result in reversing this trend, But it would appear that zinc demand will do
well if it only increases in accordance with estimated population growth in the period
1960-1980. Instead of projecting from the 1959 zinc-consumption figure of 962,000 tons,

°Lower production rate dictated by smaller reserves. If reserves could be increased to 5 or 10 million tons of ore, the daily output
of ore could be assumed the same as Vangorda Creek,
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which was on the low side because of the effect of the protracted steel strike on galvaniz-
ing, it is felt that a more realistic projection would be from the estimated 1960 consump-
tion figure of 1.1 million tons, (29) Population in 1960 is estimated at 180 million, in-
creasing to 245, 4 million in 1980 - a growth of 36. 4 per cent. Applying this percentage
increase would bring 1980 consumption of slab zinc up to l.5 million tons, precisely the
figure projected by the Paley Commission for new zinc in 1975.

The Paley Commission projected other Free World demand for new zinc increas=-
ing 60 per cent between 1950 and 1975 to a total of 1.7 million tons, Adding the U. S.
1975 demand projection of 1.5 million tons gives a total of 3, 2 million tons for the Free
World in 1975, Davis(28b) estimates total world demand in 1980 at about 4 million tons,
an increase of about 80 per cent between 1950 and 1980, but only about 33 per cent be-
tween 1955 and 1980, The U, S, Tariff Commission(30) shows world consumption in-
creasing between 1950 and 1956 at a rate much faster than that for the U. S, Recogniz-
ing major conjectural features involved, we are inclined to project 1980 world demand
at 4 million short tons of slab zinc, of which the U. S, demand will amount to 1.5
million short tons.

With regard to future supplies, the U, S. Bureau of Mines estimates world re-
serves of zinc ores as of January 1, 1957, as follows:

Quantity of Contained Approximate Average Zinc
Zinc, short tons Content of Ores, per cent
United States 13, 485, 000 3.3
Canada 16,691,000 4,4
Mexico 6,650,000 6.6
Other Latin America 6,175,000 12.0
Australia 11,000,000 11.0
Other Free World 16,500,000 Not available
Soviet Bloc 14, 000, 000 Not available
World Total 84,501,000 Not available

To supply the moderately increasing U. S. and world demand for zinc, supplies
from present known sources are ample for probably a decade or more, but new supplies
will have to be found thereafter — especially to hold future reserves at a reasonable
figure in terms of equivalent years' supply. In fact, the major trouble with the world
zinc industry in recent years, as in lead, has been a case of excess capacity and excess
production. Efforts have been made through the International Liead-Zinc Study Group to
curtail world output, and U. S. producers for many years have made serious attempts to
obtain congressional approval of various plans to give more effective protection to U. S.
producers against competition from imports of foreign ores and metal, Early in 1960 it
appeared doubtful that any immediate change would be made from the present system
which since October 1, 1958, has limited imports of zinc and lead to 80 per cent of
average annual amounts imported in the 5-year period 1953-1957, inclusive.

As with other metals, zinc prospects in Northwest North America must compete
for mine development dollars with districts elsewhere in the world. A few typical
examples of recent and planned new mine developments or expansions are as follows:
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(1) Mattagami Lake, Quebec — some 22 million tons of ore averaging 12.7 per
cent of zinc, 0.7 per cent of copper, 1.2 ounces of silver, and 0. 02 ounce of
gold per ton,

(2) Brunswick Mining and Smelting, New Brunswick — 58 million tons of ore
averaging 5. 3 per cent of zinc, 2 per cent of lead, 0. 45 per cent of copper,
and 1. 7 ounces of silver per ton.

(3) American Zinc, Mascot, Tennessee — 400,000 tons-per-year increase (33 per
cent) in mill capacity for 85-million-ton ore reserve averaging around 4 per
cent of zinc,

Probably to be developed in the near future are the extensive zinc~lead deposits on
the south shore of Great Slave Lake extending southwestward from Pine Point in a belt
some 22 miles long by 2 to 4 miles wide. Much drilling was done in the early 1950's by
Conselidated Mining and Smelting Company, who control the property, Earlier official
estimates of ore reserves released by Cominco gave 5 million tons of open-pit ore
averaging 7. 4 per cent of zinc and 4 per cent of lead, Others familiar with the property
have estimated that ore will run at least 100 million tons, and the potential of the district
has been compared by many with that of the original Tri-State district in the U, S. In
1960 Cominco announced that reserves are comparable in size with those in the huge
Sullivan mine at Kimberley, British Columbia. A 400-mile railroad is needed to exploit
the property, and the Canadian government has had the Manning Commaission studying
the problem of location of such a railroad since June, 1959. In June, 1960, the Commis-
sion issued a report with divided opinions, and late in 1960 decision was made to use the
western route and start an engineering survey of it.

Silver. Production and consumption of silver, in the U. S, and in foreign countries,
have held at reasonably steady levels during the past decade. Industrial consumption is
mainly in silverware, photographic materials, electroploating, and in brazing alloys; in
the past decade U. S. consumption has varied moderately at levels slightly below 100
million ounces. World consumption in industry and in arts has been at steady levels at a
little more than double the U, S, amount. Coinage takes another 30 to 40 million ounces
in the U. S. and roughly a similar amount abroad. Price for many years has held reason-
ably close to the U. S. Treasury buying price {(now 90.5+ cents per ounce) for newly
mined domestic silver.

In 1959 extended strikes at major U. S, copper refineries substantially reduced
silver supplies. This, coupled with strength in industrial and coinage demands, resulted
in sizable sales of 'free' silver from the U. S. Treasury. During 1960 many predictions
were made of continuing heavy drains on U. S. Treasury silver to meet increasing de-
mands, with depletion of limited "free" Treasury stocks in sight — all cited to support
appeals for raising the U. S. Treasury price for newly mined domestic silver. Others
have predicted that resumption of normal copper refinery operations would lessen the
need for Treasury silver and result in continuation of the relatively stable price pattern
of the past few years. Domestic output in 1960 continued a moderate decline due to pro-
tracted strikes in the Coeur d' Alene district and curtailed operations elsewhere. Any
moderate rise in the price of silver would have little impact on Alaska's economy, but
it might well result in expanded operations from the Mayo district in Yukon Territory
and possibly stimulate exploration in northern B. C,
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Future Outlook — Lead, Zinc, and Silver

In retrospect and summary, the future outlook for production of lead, zinc, and
silver from the Area — except for hopeful coatinuation of Keno Hill at about present
levels — appears none too bright, based on known occurrences of these metals. A
medium-size operation at Vangorda appears to be the most promising, where perhaps
several hundred men might be employed in operating an open=-pit mine, mill, shops,
warehouses, transportation, office, and stores. Output would amount to only some
250 tons of concentrates per day, that logically would move by diesel-electric truck-
train or by truck to Carmacks and Whitehorse, thence by rail and boat to Skagway,
Vancouver, and Trail, British Columbia. An operation of similar size in employment,
but shipping less tonnage of concentrates, might also be visualized at Hyland River. Con-
struction of a road up the Taku River might well tip the economics in favor of reopening
the Tulsequah mine with an assumed output of around 30,000 tons of concentrates an-
nually valued at around $5 million, and employing less than 100 men. Insufficient re-
serves are known in the Area to consider construction and operation of a smelter or
refinery for any of these three metals,

Gold

Because of the relative ease of concentrating low values in ore and placer ground
to a very high-value product, poor accessibility and distance from markets have not pre-
vented rather full exploitation of the gold resources of the Area in the past. In fact, gold
has accounted for probably at least two-thirds of the $2 billion worth of metals and
minerals produced in the Area to date.

Production in Alaska, Yukon Territory, and Northern British Columbia for the
yvears 1939-1958 is shown in Table V-1,

Alaskan output was severely damaged by the War Production Board's order closing
gold mines in 1942, and recovered to only about one~third of its 1940 output. It held
roughly at this annual level of around $8 million to $10 million until the late 1950's,
when it gradually dropped back to about $6 million. Continually rising costs coupled
with the fixed price since 1934 have combined to force the shutdown of more and more
operations in the entire Area. Main placer~mining districts are shown on Figure V-5,

Production in recent years has been concentrated in (1) the Fairbanks area, (2) the
Nome area, and (3) the Klondike area near Dawson, Dredges produced 80 per cent of
the output in Alaska in 1958, It is interesting to note that the average value of gold pro-
duced per cubic yard from dredges dropped from about 62 cents in 1955 to 33 cents in
1958. Dredging operations in many parts of the area are made relatively costly by the
necessity of muck-stripping and gravel-thawing ahead of dredging.

The largest gold operator in the Area announced{(31) in 1958 that it is expected
that they (Fairbanks and Nome dredge operations) will not continue beyond 1963 or 1964,
They have further stated:

"When the shutdown occurs, most of the dredgeable ground at Fairbanks will
have been exhausted but substantial areas of marginal ground will remain at
Nome which might become profitable at a higher gold price. It is planned to
hold the mining property so that operations can be resumed at some future
date if conditions justify it. "

70243 O =61 -Vol, 2 -8
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Conversations with company officials in 1960 confirm the above, but indicate the
probability of the closedown for Nome in 1962 and a gradual cutting off of the Fairbanks
operations by the end of 1963. Smaller operations may continue for some time at
Chicken and Hog Rivers, but these are only of minor importance - similar to the small
seasonal dredging operations in the Kuskokwim, Cold Creek, and Woodchopper Creek.

The largest dredge in the Klondike region has also ceased operations.

In summary, the outlook for gold mining, the mainstay of mining in the region
throughout its history, is dreary, indeed. Even if the gold price were substantially in-
creased — a highly conjectural matter at best = many of the largest operations would not
resume because of depletion of their reserves, On the other hand, there can be little
doubt that such a price increase would greatly spur smaller mine and placer operations,
and serve as an incentive to search more diligently for larger lode occurrences, It
would likewise benefit gold-bearing base-metal prospects in the Area, but the same bene-
fit would accrue to all such competitive prospects throughout the world.

For the above reasons, future gold potentials have very little bearing as justifica=
tion for improved transportation in Northwest North America.

Mercury

The only underground metal mine in Alaska producing substantial values with a
fairly continuous production record in the past decade is the Red Devil mercury mine
(Figure V-6, No. 30) near Sleetmute in the Kuskokwim region. Operations there were
interrupted from late 1954 to early 1956 by a fire which destroyed most of the surface
plant, Another very small operation has been conducted intermittently some 80 miles
to the southwest by Schaefer (Figure V-6, No. 30), Considerable development work
was. done at the Red Top operation north of Dillingham (Figure V-6, No., 32) in the early
1950's with help from DMEA, but the operation proved uneconomic. DMEA assistance
was also received in exploratory work at the Red Devil and De Coursey Mountain prop-
erties., Total production from Alaska since 1939 has amounted to around 20, 000 flasks
(76 pounds per flask), including estimates for a few years when output was not revealed.
Table V-1 shows the record, by years,

Even larger output during World War Il came essentially from one operation at
Pinchi Lake in north central British Columbia (Figure V-6, No, 33), with a total output
in 5 years of about 53,000 flasks. Small amounts came during the same period from the
Takla mine north of Hazelton (Figure V-6, No. 34). Reserves of considerable size still
occur in these properties, but operations are not profitable under present costs at
current mercury prices.

Efforts to find additional mercury supplies during World War II included con-
siderable development work by the U. S. Bureau of Mines and Geological Survey in
Alaska. Earlier work had indicated promising prospects for mercury in the general
Kuskokwim River region, (21b) work on the Red Devil property showed considerable ore
containing from 35 to 45 pounds of mercury per ton, far above that for all U. S. mercury
mines, which over a long period has averaged between 5 and 10 pounds per ton.
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Production soon got under way, and has been reasonably continuous ever since, except
for a shutdown in 1950 and 1951, and again in 1955 due to the fire. Output in 1952 was
revealed as 28 flasks from 70 tons of ore treated, which would indicate average ore
grade of better than 30 pounds of mercury per ton, Conversations with the present
operator indicate grade is holding at this level or even higher.

Ore reserves at this operation have never been developed much in advance of
mining, but the deposits there have continued to yield high-grade ore as operations were
continued. Mining costs alone are known to be far above the approximately $20-per-ton
average for U. S. mines in 1956-1957 reported by the U. S. Tariff Commaission. (32a)
With the steady reduction in mercury prices from the average in 1955 of $290 per flask
to the early 1960 level of around $212 per flask, most domestic mines have closed. This
is not surprising when noting total production costs (mining, furnacing, taxes, adminis-
trative, etc.) for unidentified individual operations reported by the U, S. Tariff Commis-
sion(32b) for 1956 and 1957, which ranged from a low of $163 per flask to a high of
$583 per flask.

With the ore grade at the Red Devil running over three times that of average
operations in the U, S. (which at lower prices is probably closer to 10 pounds per ton
in early 1960), and the operation reported to be approaching economic marginality, this
is an outstanding example of the higher production and marketing costs to which interior
Alaskan mine operations are subject, which require much higher ore grade than opera-
tions in the U. S. The mercury output is flown to Anchorage at a cost of about $4 per
flask, thence to Seattle by barge at an additional cost of $3. 25 per flask. This adds
considerably to the total cost of production and marketing,

In fact, one large domestic mine operator who has followed the Alaskan picture
closely reported(33) that considering mining costs alone, for a small underground opera-
tion typified by mercury, costs in interior Alaska would run $50 to $60 per ton mined,
in western U, S, they would be around $20 per ton, and in Latin America as low as $5
per ton., This is not necessarily typical of other operations as indicated by estimates
for cost ratios of roughly 1.5 to 1 between Kobuk and, say, Arizona copper mine opera-
tion as cited earlier in this chapter under "Copper''.

Other promising mercury prospects that have received considerable attention are
the De Coursey Mountain property (Figure V-6, No. 35) and the White Mountain prop-
erty (Figure V-6, No. 36).

Trends in U. S. production, consumption, and price of mercury, 1916-1958, are
shown in Figure V-7, Dependence on imports has been substantial since the relatively
short period of virtual -self-sufficiency during World War II. Consumption has held at
a general plateau of around 50,000 flasks annually during the past decade.

With major usage in electrical apparatus, agriculture, chlorine and caustic manu-~
facture, and industrial and control instruments, there appears to be little on the horizon
to indicate future demand growth at more than a rate equaling population growth, A
recent trend toward replacing diaphragm cells with mercury electrolytic cells for
production of chlorine and caustic soda(34) may give a temporary boost to mercury
demand in the next few years,
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Major world reserves in Italy, Spain, and the Soviet Bloc, with grade in Spanish
reserves running 50 pounds per ton and Italian 16 pounds per ton, much higher than the
average 8-pounds-per-ton figure for the U. S. Wide swings in price and resultant domes-
tic production have characterized the industry in the past, and probably will continue in
the future. The domestic mining industry has not been successful in its efforts to have
the $19-per-flask (25 cents per pound) tariff raised.

Further exploration in the Kuskokwim areain recentyears has confirmed wide-
spread mercury mineralization, and it is believed that this region holds considerable
promise of developing into a more important producer of mercury in the future. At full
scale, the Red Devil could produce 6000 flasks per year. But even at this level, it
would still be a relatively small employer of labor for mining and furnacing the product.
At its presents rate of 250 flasks per month, 40 men are employed at the operation. It
would not appear unreasonable to assume that in the next 20 years the Kuskokwim area
might enjoy the development of several mercury operations of the general size of the
Red Devil, which, however, would be subject to periodic shutdowns if wide price swings
continue to characterize the mercury industry. At best, moreover, these would employ
a total of only around 100 persons with a total annual payroll of less than $1 million, and
would have relatively minor impact on the Alaskan economy. Even if total output for the
region reached 10,000 flasks per year, this would amount to outbound product shipments
of only some 500 tons per year, including weight of the flasks.
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Construction of a secondary road from Browne to McGrath and thence to Ruby
would not only encourage more intensive exploration in this general area, but also might
serve to lower costs of transporting supplies into and products out of mercury opcrations
in the Kuskokwim region in the future.

Platinum Metals

The Goodnews Bay Mining Company's dredging operation north of Bristol Bay
(Figure V-6, No. 20) bas the distinction of being the only producer of primary platinum
in the United States. Starting up in 1938, this operation produced an average of around
27,000 ounces annually, worth around $1 million (Table V-1), for about a decade.
Operations have been continuous; but quantity and value of output have not been re-
vealed. It is believed that output since 1938 has dropped off gradually to about half this
quantity, with value at about the same figure in line with the increased price of platinum.
Reserves will last for some 10 years at current operating rate and mining depih to 90
feet (40 feet of stripping and 50 feet of dredging). Additional large reserves are known
at depths of 200 feet, but these cannot be reached under present economics,

The operation is close to the coast and obtains all its supplies by boat. Opera- -
tions are conducted only during the summer months, and all employees are brought in
from Washington,

Outlook for additional platinum production in the Area is not promising, though
exploration could uncover new commercial occurrences, perhaps as a coproduct of other
metal-mining operations. U. S. and world needs will continue to be met mainly {rom the
huge ore reserves known in (1) the Sudbury, Ontario, district and new Thompson nickel
mine in Manitoba, Canada; (2) Union of South Africa; and (3) U.S. S.R.

Antimony

Occurrences of antimony, most of which are small, are quite widespread in
Alaska, especially in the southwestern part where it generally occurs as a somewhat
undesirable ingredient with the mercury ores in the Kuskokwim area, frequently in
amounts about equal to the mercury. Other better known occurrences are in the Fair-
banks district (Figure V-6, No. 41) which produced a total of about 2500 tons of stibnite
(antimony sulfide) in the early part of the century, and the Stampede mine (Figure V-0,
No. 40) which has produced some 2600 tons of antimony since 1936, Reserves in the
Fairbanks district were estu'nated in 1947 by the U. S. Geological Survey as 100 to 200
tons of contained antimony, “and 1500 to 2000 tons in the Stampede mine. It is also
found in rather widely scattered occurrences in Yukon Territory, frequently associated
with gold. The most promlsmg area is near Bennett Lake south of Whitehorse
(Figure V-6, No. 44),

In spite of this widespread occurrence, however, the future does not look promis-
ing for exploitation of limited known deposits or intensified search for new deposits in the
Area. Antimony usage, dominated by antimonial lead for storage batteries, bearing
alloys, type metal, ceramics, glass, and pigments, has been sliding in the past decade.
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Outlook for increased consumption, in spite of recent research efforts, is none too
promising except in minor amounts as a semiconductor material in electronics. U. S.
consumption has decreased from a 1949-1953 average of about 18,000 tons to some

13, 000 tons in 1959.

Abundant reserves in Mexico, Bolivia, and South Africa have been major sources
of Free World supply since World War II. Higher cost domestic production simply can-
not compete with ores from these sources. The major world reserves are in China,
estimated at some 2 million tons of contained metal, which can be produced very cheaply
with low-cost labor there. There is always the threat that more Free World countries,
including the U, S., might initiate trade with China, As a matter of fact, a sizable ship-
ment of Chinese antimony to Canada was announced in the trade press early in 1960(35)
at a price some 20 per cent below prices for delivered European metal.

Nickel

There has been no known commercial production of nickel ores from the Area,
though much exploration and development work has been done on the many occurrences
known there,

Virtually all the known deposits in Alaska are in Southeastern Alaska, but all of
these are of much lower grade than deposits in Canada that are supplying most of the
U. S. and world needs,

The more important deposits are as follows:

(1) Bohemia Basin, Yakobi Island, (Figure V-6, No. 10). This deposit has been
repeatedly examined since initial major exploration efforts were made during
World War II. U. S. Geological Survey estimates reserves at 20 million tons
averaging 0. 32 per cent of nickel and 0, 20 per cent of copper.

(2) Funter Bay (Figure V-6, No. 13), Development work at this deposit permits
an estimate of 500,000 tons of material averaging 0, 45 per cent of nickel and
0. 40 per cent of copper.

Other deposits at Mirror Harbor (Figure V-6, No. 11) and Snipe Bay (Figure V-6,
No. 12) are somewhat higher grade but are much smaller.

There remains for brief mention a promising discovery of a copper-nickel deposit
beneath Brady Glacier (Figure V-6, No. 14), which was drilled in 1959 and is scheduled
for a much more extensive drilling program in 1960. Grade and size indicated by drill-
ing have not been reported, but they must be attractive to warrant the expense of the
additional drilling work. Location is close to deep, protected tidewater,

In Yukon Territory, two occurrences are worthy of note: (1) Quill Creek
(Figure V-6, No. 16), already briefly described under copper; and (2) Canalask
(Figure V-6, No. 15). Quill Creek has a very attractive combined nickel-copper con-
tent (2 per cent of nickel and 1.4 per cent of copper), plus substantial values in platinum
metals and cobalt, but the delimited size of 737,000 tons is too small for any sizable
exploitation, Interest of the Japanese in leasing or purchasing the property has already
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been mentioned in the ""Copper' section. Canalask is a small showing comprising two
lenses with an estimated 542, 000 tons of material averaging 1. 68 per cent of nickel.

The present owners report interest by the Japanese in purchasing concentrates from

this property, which will be further developed underground in 1960. If this proves
favorable, shipment of up to a few thousand tons of concentrates down the Alaska Highway
and Haines Cutoff to Haines, and thence by boat to Japan, might be considered likely.

In British Columbia, the only nickel occurrence of note is at Tedideech Lake, east
of Juneau (Figure V-6, No. 17). This was discovered in 1956 and has been examined by
numerous companies, It consists of a long narrow zone that can be.traced for some 35
miles, with nickel reported as quite high grade in spots. Average grade of nickel from
the small amount of blasting and trenching done was estimated by observers at 1.5 to 2.0
per cent, One large company that had looked at the deposit was not enthusiastic about
its potentials,

Major world reserves of nickel as of 1958 were recently listed by the Bureau of
Mines as follows:

Short Tons of Average Grade
Contained Nickel of Nickel, -per cent
Cuba 18,000,000 0.9
New Caledonia 16,000, 000 1.1
Canada 4,800,000 1.5
United States 550, 000 0.7
Other Free World 14,000, 000 Not available

The Canadian and Cuban ore carries cobalt that may run as high as about one-tenth of
the nickel content. The huge reserves of International Nickel Company at Sudbury also
carry about an equal quantity of copper, plus important values of platinum metals, gold,
silver, selenium, and tellurium. The extent and grade of ore reserves of International
Nickel Company's new operation (mine, mill, and smelter) at Thompson, Manitoba, have
not been announced, but estimates place them as potentially of comparable size with the
Sudbury deposit, with grade somewhat lower, They are not included in the Canadian
reserves tabulated above. ’

Examples of size and grade of ore reserves of smaller nickel producers might be
cited as follows:

(1) Sherritt Gordon Mines at Lynn Lake, Manitoba, About 14 million tons of ore
grading 0. 96 per cent of nickel plus 0,54 per cent of copper.

(2) North Rankin Nickel Mines, Ltd,, Rankin Inlet, Northwest Territories (north-

west coast of Hudson Bay)., About 460,000 tons (to 300-foot depth) averaging
3. 3 per cent of nickel, 0.81 per cent of copper, 0.03 ounce of platinum and

0. 06 ounce of palladium per ton.

(3) Falconbridge Nickel Mines, Ltd,, Sudbury district. About 44 million tons
averaging 1, 45 per cent of nickel and 0. 81 per cent of copper., A property
being drilled by Falconbridge (Marchant Mining in northwestern Quebec) is
reported to have shown nickel values for hole intersections of 1.6 to 24 feet
varying from 1. 24 per cent up to 4. 87 per cent,
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(4) Giant Nickel Mines, Ltd., near Hope, British Columbia, About 1, 2 million
tons averaging 1,4 per cent of nickel and 0.5 per cent of copper.

U. S. consumption of nickel during the decade 1950-1959 has been quite level at a
little over 100,000 tons per year, with a peak of 128,000 tons in 1956. The Paley Com-~
mission projected U. S. demand in 1975 at 200, 000 short tons,

World production has risen from 162,000 tons in 1950 to a high of 314, 000 tons in
1957, dropping off a bit in 1958.

Increase in nickel usage in the past decade has undoubtedly been held in check by
limitations in supply. Expansions in available supplies (assuming the Cuban picture
ultimately will be settled to permit increased output from that important source) will
allow U, S. and world consumption to increase at a more rapid rate during the next two
decades.,

A top official of one of the nickel companies that has done considerable exploration
in Northwest North America summed up the Area's potential about as follows: The
company believes that anticipated demand for nickel in the next 20 years can probably
be met from presently known reserves, but that if they have to seek additional supplies
they would not look for them in the area under study. Preferences are definitely in
favor of finding ore occurrences of size and grade desired in the ancient Pre-Cambrian
rocks of the Canadian Shield,

The immediate prospect for output from the important operations of Freeport
Nickel at Moa Bay and of the U, S. Government at Nicaro, in Cuba, is decidedly uncer-
tain, It is difficult to believe, however, that in the long-range future these deposits will
not be exploited effectively by someone, with the output contributing importantly to
supplying growing, world demand.

The outlook for important nickel production in Northwest North America in the
future cannot be considered promising, Small operations may produce modest amounts
for export, such as the Canalask and Quill Creek properties in the Yukon. The Brady
Glacier deposit could prove to be of major importance. The possibility of developing
large nickel operations in the next 20 years is dependent on finding deposits of much
larger size and better grade than any now known in the Area, and some of the larger
companies interested in nickel have characterized their past exploration results there
as quite ""disillusioning",

Chromite

Intensified exploration for domestic supplies of strategic minerals during and after
World War II and the Korean War, coupled with premium prices paid by the U, S.
Government resulted in the development of previously known chromite deposits near the
south tip of the Kenai Peninsula (Figure V-8, Nos. 30 and 31), Some 10,000 tons were
produced in 1943-1944 and another 22,000 tons in 1954-1957, The latter amount was
sold to the U, S. Government at prices that were more than double published quotations
for equivalent ore paid by industry.

The deposits are small, Twenhofel(10¢) gives U. S. Geological Survey estimates
of reserves totaling only around 30, 000 tons of ore containing over 40 per cent of Cr;04
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and 175,000 tons containing around 20 per cent of Cr203. Commercial-grade ore for
metallurgical use should run over 45 per cent of Cr203 (long-time standards have been
48 per cent Cr203 with a Cr:Fe ratio of three to one),

These reserves are insignificant, either in terms of supplying the U. S. needs of
between 1 and 2 million tons per year or even comprising the basis for a moderate-
sized mining operation, The big major source of world supplies for the future is the
huge deposits of the Transvaal in South Africa, where probably well over 100 million
tons of ore grading 40 to 45 per cent of Crp03 occur. Rhodesia, Turkey, the Philippines,
and U, S, S.R., are other major sources of large reserves of relatively high-grade ore.

Chromite is found in close association with ultra-basic igneous rocks, and numer-
ous areas in Alaska where these are known may yield discoveries of larger and better
chromite deposits from future exploration. '

No chromite occurrences of any promise have been reported in the Yukon or
northern British Columbia,

Molybd'enum

Although molybdenum occurrences are scattered rather widely throughout the
Area, prospecting activities have been concentrated on relatively few, and there has
been no commercial production reported. Recent years have witnessed more intensified
efforts in prospecting.

The deposits that are known to have attracted most interest are briefly described
below. Relatively little is known regarding size and grade of most of them.

(1) Shakan, on Kosciusko Island (Figure V-8, No. 1). This is a high-grade but
small deposit, estimated at from 10,000 to 20,000 tons of ore averaging 0.9
per cent of molybdenum,

(2) Muir Inlet (Figure V-8, No. 2), This is a fairly large deposit estimated at
8. 5 million tons of material averaging about 0.07 per cent of molybdenum.
This is much too low grade to be considered commercial, for a long time to
come,

(3) Baker Island (Figure V-8, No. 3). This comprises a moderate-size body
estimated at several million tons of material averaging less than 0. 06 per
cent of molybdenum. It is far too low-grade to be considered commercial.

(4) Orange Hill (Figure V-8, No. 4), Small percentages of molybdenum occur in
this sizable low-grade copper deposit, roughly around 100 million tons of ma-
terial that averages around 0, 03 per cent of molybdenum. The copper content
of around 0,3 to 0.4 per cent is far too low to be considered commercial far
into the future,
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(5) Hayes Glacier (Figure V-8, No. 5). Virtually nothing is known about this
discovery, announced late in 1959, except that it represents a promising
showing of substantial size. Major mining companies are interested, and the
deposit will be investigated during the 1960 season.

(6) Barrington River (Figure V-8, No. 6). Located near the headwaters of the
Barrington River, this is apparently a sizable body of disseminated molyb-
denite in brecciated and silicified syenite, (36) Some 28 claims have been
optioned by American Metal Climax from Conwest Exploration, and consider=-
able stripping and trenching was done in the late 1950's. Nothing could be
learned about size and grade of the material.

Many other occurrences of molybdenite have been reported by the Geological
Survey of Canada in this same general region.

(7) Raciot (Figure V-8, No. 7). Surface showings in this mineralized granite
were very favorable, but work underground in 1959 proved disappointing,
More will be done in 1960,

Numerous other molybdenum occurrences in Yukon Territory and British Columbia
are shown on a newly published metallogenic map — '"Molybdenum in Canada'. (37) None
of these was indicated as of important significance by authorities on the Area with whom
the mineral prospects were discussed.

The U. S. produces about 90 per cent of the world output of molybdenum, esti-
mated for 1959 at just under 30,000 tons, and consumes around 15,000 tons. Consump-
tion in 1975 was projected at 35, 000 tons by the Paley Commission, which presently
would appear to be on the high side, The future of the metal appears promising, not
only in alloy and tool steels but in greases and chemicals, and in high-temperature
applications of the pure metal or of molybdenum-base alloys with use of suitable
coatings.

Known reserves in the U, S, are huge, however, estimated at about 1.5 million
tons of contained metal. About three-fourths of these are in ores averaging around 0, 24
per cent of molybdenum, and about one~-fourth in copper ores carrying less than 0, 12
per cent of molybdenum, -

Not included in the U, S, reserve estimate above is an additional amount reported
of the same order of magnitude as the total U, S, reserve figure, occurring in the
Questa deposit of Molybdenum Corporation of America in northern New Mexico. Exten-
sive geological study and exploration activity under a DMEA contract in the vicinity of
this small, steady past producer has proven a huge body comparable in characteristics,
size, and grade with the Climax deposit, (33)

In view of the above, the outlook for important molybdenum developments in the
Area do not appear promising,
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Tin

Of all the strategic minerals, the U, S. is perhaps most deficient in tin, in fact,
this is true for all of North America, In spite of intensive exploration for tin deposits in
World Wars I and II, none of any real significance has been uncovered in'North America.
The lode tin deposits of Seward Peninsula, Alaska, probably come the closest,

Tin is also known to occur very sparingly in placers of the Seward Peninsula and
Central Alaska, buttdrllllng during World War II indicated it was in such small amounts
per cubic yard that it could only be recovered as a by~-product in placer gold operations.
Later work at Cape Creek on Seward Peninsula indicates the possibility of economic
recovery of around 2, 000 tons of tin from 1 million cubic yards of gravel in a small
placer operation.

Total production in Alaska up to about 1946 amounted to 1,820 tons, mainly from
placer deposits on Seward Peninsula since when lode operations-in the main have pro-
duced an additional 695 tons during the years 1947-1955;, as shown in Table V-1,

Greatest interest has centered in the Lost River tin mine (Figure V-8, No. 10)
located near the very tip of Seward Peninsula, where occurrence of tin has been known
since the early 1900's, Under the stimulus of the Korean War, Government funds were
made available to purchase and operate this property from 1951 to 1955 when support
was withdrawn and operations ceased.,

During this operating period 51,000 short tons of ore averaging 1. 13 per cent of
tin were treated, from which 687 tons of concentrates averaging 52 per cent of tin were
produced. Recovery was only about 61 per cent, and no tungsten, which occurs in small
amounts with the tin, was recovered. Operatlons during this period also indicated that
costs (excludlng exploratlon and capital charges but including smelting charges and
Seattle office expense) amounted to $1. 33 per pound of tin recovered. From comments of
knowledgeable mining men, it is possible that better control over dilution of gangue could
have at least doubled the percentage of tin in the ore milled, with resulting lower operat-
ing costs per pound of tin recovered,

In the late 1940's the U, S. Geological Survey estimated reserves at Lost River at
5500 to 6500 tons of contained tin, Reserves in the Hot Springs District west of Fair-
banks were estimated at 1000 to 1500 tons. The Survey felt thenthatfurther prospecting
in central and southwestern Alaska was warranted.

Major world reserves have been roughly estimated in terms of orders of magni-
tude by the Bureau of Mines as follows:

Long Tons of
Contained Tin

United States Negligible
Belgian Congo 500, 000
Bolivia 500, 000
Indonesia 1,000,000
Malaya 1,500, 000

Nigeria 250,000
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Long Tons of
Contained Tin

Thailand 800,000

Other Free World 450, 000

Soviet Bloc Not available, but large
5,000, 000

U. S. consumption of primary tin has varied between 50,000 and 60,000 long tons
per year for the past decade, except for a high of 71,000 tons in 1950. Great conserva-
tional advances have been made in use of tin by the electrolytic plating process, which
permits application of coatings of variable thickness on steel plate, or even coating only
one side. Difficult supply problems and allocations during past emergencies have
sparked this research to cut down on tin usage, and this still continues. Price has
exceeded $1. 00 per pound by a substantial amount in only 2 years (1951 and 1952), and
never has it reached $1. 33 per pound, the cost of producing Lost River tin during the
period the property was operated.

The above indicates that, from its known tin occurrences, Alaska can count on
producing only a modest amount of a few hundred tons per year for perhaps 7 to 8 years,
and this only under emergency conditions that might raise the price to a level of around
$1. 35 per pound that would cover cost., Transportation obviously would be by water from
this remote area located so close to tidewater, even though it is open for only a few
months out of the year,

Small amounts of tin occur in the placer deposits of the Klondike area in Yukon
Territory, and there are geological indications pointing to the possibility of finding lode
tin deposits in the highly mineralized Mayo area, Occurrences of any significance are
not known in northern British Columbia or other Canadian parts of the Area,

Tungsten

Up to the present, only minor amounts of tungsten have been produced in the Area,
as shown in Table V-1, Northern British Columbia produced a total of some 1844 short
tons of equivalent 60 per cent WO3 (tungsten trioxide) concentrates in 1943-1944 and
1952-1954, inclusive, virtually all from the Red Rose mine near Hazelton. Alaska
produced a total of only 95 tons of 60 per cent WO3 concentrates in eight years of inter-
mittent output between 1943 and 1953. These operations were possible only because of
the high premium prices paid for the metal by the U. S. Government during most of the
period of production. Alaskan output has come from the Hyder district (Figure V-8,
No. 22), mainly as a by-product in mining lead, and from the Fairbanks district
(Figure V~8, No, 20). The deposits are small; in the late 1940's the U, S. Geological
Survey estimated reserves in each district of from 100 to 250 tons of contained WOQOs3,.
Tungsten minerals also occur in the tin-bearing veins of the Lost River mine (Figure
V-8, No. 10), but the tungsten was not recovered during its operations in the mid-
1950's. Reserves there have been estimated at 250 to 400 tons of contained WO3,

Considerable tungsten is present as the mineral scheelite in many gold placers in
the Yukon, Kuskokwim, and Seward Peninsula regions. But since the tungsten value is
low compared with that of gold, little effort has ever been made to recover it.
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The recently discovered large tungsten deposit just east of the Yukon~-Northwest
Territories line (Figure V-8, No., 24) of Canada Tungsten Mining Corporation may well
prove to be the most important producer of this metal in North America. The discovery
has been hailed as a major find, one of two such major "hits'" (Cassiar asbestos being
the other) in the Area in the past decade or so, Extensive development work there has
proved over l.3 million tons of open-pit ore grading 2.51 per cent of WO3, with the
possibility of substantial exténsion of these reserves considered very good, Plans were
announced in November .1959, to develop the property through a $5 million program that
will include a 300- ton m111 scheduled for operation by the fall of 1961, At 250-days-per-
year operatlon and 92 per cent recovery in concentrates, this would amount to a yearly
output of about 3. 5 thillion pounds of WO3 or about 2,8 mJ.lllon pounds of contained tung-
sten. Th1s would be shipped out as concentrates of about 70 per cent wWO3 content
amounting to ‘around 2500 tons per year. In the form of concentrates this has a value of
about $20 per short ton unit (20 pounds) of WO3 or $1 per pound of WO3 = about $l300
per ton of concentrates having a yearly value 01' about $3. 2 m11110n.

Most of the equipment and supplies needed to build and equip the mine and mill
will be flown in, and the high-value concentrates will probably be flown out to Whltehorse
for sh1pment to Skagway thence south by ocean vessel

This development has sparked quicker action by the Dominion government in start-
ing construction of the road northward from Watson Lake to Frances Lake, Yukon '
Territo'ry, thence northwestward and west to Ross River. Canada Tungsten will build a
road over easy grades from the mine to a junction with the Watson Lake-Ross River
road near Frances Lake.

A srnall lake near the mine was used for landing heavy Bristol freighter planes
during the 1959-1960 winter, and a suitable ground landing strip will be completed in
1960 to permit continious ﬂylng with heavy planes.

Once the plant and road are constructed, an operation of this size (open-pit mine)
should employ around 50 to 75 men.

U. S. consumption in the past decade has fluctuated widely between lows of about
5 million pounds 6f contained tungsten in 1949 and 4 million pounds in 1954, and highs of
11 million pounds in 1951 and 9 million pounds in 1955, 1956, and estimated for 1959.
Very high Goverament premium prices during and following the Korean War sparked
U. S. mine production to the point where it was well in excess of consumption during
1953-1956, The excess went into the U, S. Government stockpile, as did much excess
production from foreign countries. U. S. production has declined severely and foreign
production more moderately since the stockp1hng and premium price program ceased.

The planned output from Canada Tungsten will have an important impact on the
market. Consumption, however, is expected to rise moderately, aided by growing uses
in high-temperature applications. The Paley Cornm1551on projected 1975 U, 8. consump-
tion at 15 million pounds, which would appear to be somewhat low.

World reserves are estimated, in order of magnitude, at around 2.5 billion pounds
of contained tungsten, about 80 per cent of which are in China, The tremendous produc-
tion potential from this source, at delivered prices below production costs of most U. S.
mines, will always stand as a threat to North American tungsten mines in the future, It
is not at all unreasonable to assume that trade betweén the U. S. and Red China will be
initiated within the next 5 to 10 years, perhaps sooner,
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With the discovery and development of the Canada Tungsten operation with its
sizable impact on U. S. markets, it would appear that chances for developing any of the
known occurrences in Alaska and British Columbia in the future are very poor. There
are possibilities, however, that other discoveries of size and grade comparable with the
Canada Tungsten property may be found.

Other Metals

Very brief mention might be made of other metals that have been reported from the
Area, but which are not at all promising for future development.

Bismuth occurrences have been reported northeast of Fairbanks, on the Seward
Peninsula, east of Ferry on the Alaska Railroad, and northeast of McGrath. Most of the
world's bismuth is recovered as a by-product in lead refining, with principal output from
Peru, Mexico, Canada, and the U. S. Possible use in semiconductors for thermoelec-
tric uses might boost demand for bismuth substantially in the next 5 to 10 years. Itis
within the realm of possibility that any sizable lead-bismuth discoveries in the Area
could contribute to such a growing bismuth market, Past consumption in the U. S. has
been quite stable at around 1.5 million pounds per year.

Uranium occurrences have been relatively few, and the one deposit of any size
(Bokan Mountain on the southern part of Prince of Wales Island, Alaska) produced some
17,000 tons of ore running 1 per cent of U30g before the ore body was depleted. Later
exploration has uncovered additional ore, and operations were resumed on a small
scale in the summer of 1960, With known U. S. and world supplies and reserves far in
excess of anticipated demand, probably at least for 10 to 15 years, chances of finding,
developing, and marketing any significant quantities of uranium from the Area up to
1980 are very dim, indeed.

Pegmatites that carry beryllium, lithium, columbium, and tantalum have not been
reported in the Area but spectrographic data obtained on numerous samples may support
the belief that a beryllium metallogenic province may occur on Seward Peninsula. Much
detailed work is required to prove this, however. An experienced Alaskan geologist
stated that pegmatites themselves are relatively scarce in Alaska, and those that are
found are very lean or lacking in metallics such as those mentioned above,

Industrial Minerals

Some of the industrial minerals, so-called nonmetallics, occur in important
amounts in the Area. However, most of the bulky ones that occur in any quantity (sand
and gravel, limestone, clays, etc.) are very low-value materials that cannot be shipped
very far and can only serve local needs for expanding building or other applications.

The one notable exception is asbestos. The latter will be discussed in a little detail, but
only brief mention will be made of the others.
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Asbestos

Opening of the Alaska Highway, and later the road south from Watson Lake to
McDame, stimulated prospecting in northern and northwestern British Columbia and re-
sulted in the discovery and development of the large asbestos deposit at Cassiar (Figure
V-9, No. 1), This is high quality, low=-iron chrysotile and yields relatively long, soft
fibers. It competes for the same markets as those served by the same type of material
from Southern Rhodesia.

Cassiar is now producing about 32,000 tons of asbestos per year from the mining
and milling of about 350, 000 tons of ore (about 9 per cent grade, in terms of products
shipped). The 1957 Annual Report of the British Columbia Minister of Mines reported
402,000 tons of ore was milled in 1957 to produce the following grades of fiber(38a).

Tons

Spinning Grades
No. 1 Crude 19.00
AAA 9. 60
AA 1,362, 10
A 5, 786. 00
Total, Spinning Grades 7,176.70

Cement Grades
AC 8,100.95
AK 11,113.95
AS 2,280. 45
AX 2,771, 20
Total, Cement Grades 24, 266.55
Total, All Grades 31,443, 25

In the 1958 Annual Report, the same source reported production of 5,824 tons of spin-
ning grades and 25, 605 tons of cement grades for a total of 31,429 tons. At an average
gross value of $22 per ton of ore milled, the Cassiar output has a total annual value of
about $7. 7 million, or an average of about $280 per ton of asbestos sold.

Jenkins described the Cassiar grades marketed and 1959 prices fob Vancouver,
as follows(39);

Price per Short Ton

No. 1 Crude, basically of crude 3/4-in,

staple and longer $1522
AAA - Extra-long textile fiber 787
AA - Long textile fiber 682
A - Textile fiber 494
AC - Long shingle fiber 325
AK - Medium-long shingle fiber 220
AS - Shingle fiber 181

AX - Short shingle fiber 142
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Expanding sales commitments required a 50 per cent increase in mill capacity
from 1000 to 1500 tons per day = scheduled for completion at the end of 1959. Ore re-
serves are stated to be huge — at least 50 years' supply at the present operating rate.
Recent exploration work is reported to have shown improvement in ore grade up to 12
to 13 per cent of recoverable asbestos, and some thought was being given in 1960 to
boosting output still further.

The high value of the product permits the long and costly haul. The bagged asbes-~
tos is moved by truck from the mill northward to the Alaska Highway, thence westward
to Whitehorse, a total distance of 357 miles. It is then transferred to containers and
moved by the White Pass & Yukon narrow-gauge railroad 110 miles down to Skagway,
where the containers are transferred to the ocean-going vessel of White Pass & Yukon
for the trip down the Inside Passage to Vancouver. There it is warehoused and shipped
to world markets.

Excellent accounts have been given of the details and economics of this transporta-
tion opei’ation(38b-:-40) (including, also, the transportation of the United Keno silver-lead-
zinc concentrates from Keno Hill to Whitehorse and thence over the same route, but
ending mainly at-Trail, British Columbia), Costs for the truck haul from Cassiar to
Whitehorse average a little over 6 cents per ton mile, or about $22 per ton for the 357-
mile haul, with no credit for supplies back-hauled. Transfer of bags into containers at
Whitehorse costs about $1. 75 per ton., The rate for the combined haul from Whitehorse
to Vancouver amounts to $18 per ton, or about 1,8 cents per ton mile. Total cost
from Cassiar to Vancouver is thus about $41. 75 per ton. Based on gross value of ore
mined and milled of $22 per ton, this transportation figures out at about $4 per ton of
ore mined and milled, or 33 per cent of the production cost. At a concentrating ratio of a
little under 11 to 1, this amounts to a transportation cost for the bagged fiber of some-
thing under $44 per ton.

In planning the Stewart-Cassiar road, British Columbia officials estimated sub-
stantial savings ir the haul to Stewart via the new road would shift the haul of present asbestos
output to the new route and permit marketing of shorter fibers (now stocked at the mine)
in amounts equal to present shipments.,- However, conversations with Cassiar officials
raise doubts whether either will materialize; the high overload tax recently imposed for
trucking on British Columbia highways will amount to more than the savings from the
shorter route (310 miles to Stewart versus 357 miles to Whitehorse and a shorter ocean
haul). Present specifications for use of Bailey bridges on the highway will not permit
use of Cassiar's heavy trucks, but plans call for construction of heavier bridges after
completion of the road. In addition, consideration must be given to the possible effect
of such a traffic shift on rates and costs of moving the United Keno Hill concentrates;
until early 1960 both operations were under the same financial control. Interest of

White Pass & Yukon in holding the traffic through rate adjustments must also be taken
into ‘account,

Whether the present thinking of Cassiar officials not to ship shorter fibers is
based on market or cost considerations (price of shorter-fiber material is much below

average prices for grades presently shipped) is not known, but the decision appeared to
be firm early in 1960,

Other asbestos deposits are known in the Area, none of which have had consider-
able exploration and development work performed on them,
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Probably the best one, aside from Cassiar, is the Clinton Creek deposit located
some 40 miles northwest of Dawson (Figure V-9, No. 3). This is also owned by
Cassiar who have done development work indicating reserves there of over 5 million tons
of high-grade asbestos ore. The quality of the asbestos is somewhat below that of
Cassiar, and the company views this for long-range development when markets and
price can justlify the longer haul.

Cassiar has also done considerable trenching and underground drilling and cross-
cutting on the Caley asbestos property located some 10 miles gouth of the Clinton Creek
deposit, but results were disappointing and the option was dropped in 1959,

The Letain asbestos property is located about 60 miles south and east from Cassiar
(Figure V-9, No. 2). It was discovered by Conwest in the late 1950's, and is considered
only a fair prospect. No further development work other than assessment activities is
contemplated for several years.

- Several small occurrences of tremolite and chrysotile asbestos in the Kobuk River
region (Figure V-9, No. 4) have been described. (41) Small tonnages of both varieties
have been produced, but insufficient development work has been done to appraise their,
size and potential economic value. Their remoteness, coupled with the plentiful avail-
ability of much more easily accessible deposits, will bar their development for more
than the 20 years considered in this study. )

Future Marketability. Any really. meaningful consideration of future demand and
supply for asbestos is so-complex as to preclude its inclusion here. The material occurs
in different mineralogical types, and the uses and prices of the many grades of each type
differ so widely as to make market analysis and projections a major project.

The great bulk of asbestos used is the chrysotile type. In 1958 the U. S. consumed
some 643,000 tons of chrysotile (compared with 26,000 tons of crocidolite), of which 96
per cent was short fiber . of less than spinning length and was used mainly by the construc-
tion industry — much of it in asbestos-cement pipe and other forms for which use is
growing rapidly,

The amounts of high-quality, low-iron, long-fiber crude asbestos produced in the
Area are used largely for its superior electrical resistance in electric cable coverings
and primary electrical insulation on magnet wire; other uses are for fire-fighting suits
and ironing boards. It is also used as spinning fiber in making the asbestos fabrics
that find usage in a great variety of applications.

As cited -above, however, the major tonnage produced at Cassiar comprises
Grade A textile fiber and Grades AC and AK long and medium-long shingle fiber. The
textile fiber is used for a variety of purposes, probably mainly for textiles (in which
the low iron would permit its use in electrical insulation), but also in long-fiber asbestos
papers, packings, gaskets, pipe coverings, heavy-duty brake linings, and insulation
blocks. The shingle fiber may be used in asbestos-~cement products, papers, pipe
coverings, packings, gaskets, etc., in addition to its common use for shingles.

The future growth in demand for the premium-quality material from Cassiar,
whether in spinning or '""cement' grades, would appear to be assured. Growth in demand
for asbestos in cement has been strong recently, and a doubling of this use in the next
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20 ycars should be a rcasonable projection. A new use {or.the short fibers (so-called
""'shorts' or "refuse'') that appears to have a sizable market potential is as a bonding ma-
terial for asphalt in paving, where it reportedly produces a tougher, safer road surface.

Supplies of low-iron, long-fiber chrysotile are none too plentiful; growing needs
resulted in increasing milling capacity at Cassiar by 50 per cent, effective at the begin-
ning of 1960. Supplies of regular-grade chrysotile, both long and short fiber, were
greatly increased by expansions in mine and mill capacity in eastern Canada and by the
addition of a large new producer during the past few years, In total, the industry has a
substantial overcapacity for production at present, and research efforts are being
pressed to find large new uses for the material.

All in all, .it.would appear plausible to visualize the need for developing Clinton
Creek to a producer comparable in size to Cassiar within a period of 8 to 10 years. This
might then employ roughly 500 people in that operation and produce some 40,000 tons per
year to be transported southward,

Sulfur -

With the completion late in 1957 of the 650-mile 30-=inch natural gas line south
from the Peace River gas field near Fort St. John, many of the previously drilled gas
wells started production, At the same time, production.of sulfur was started in a 425-
ton-per-day recovery unit in which the high H2S content of the natural gas is separated
and converted to elemental sulfur. This separation is necessary prior to transmission
of the gas. .Output in 1958 totaled 62, 600 short tons, and in 1959. it was. 53, 700 tons.
This has been a boon to the Pacific Great Eastern Railroad; all of it moves south to
Prince George, and thence much moves west on the Canadian National Railroad to a .
number of pulp and paper mills in the area, to be used in their.manufacturing opera-
tions, and most of the remainder moves south to the Vancouver.area, ..Difficulties in
marketing the total output were being experienced in 1960, .and stocks at Fort St. John
were Building up.

The huge gas discoveries in northeastern British Columbia are sweet gas, so its
exploitation and transmission will not result in augmented supplies of sulfur from that
area. '

Whether it be considered fortunate (no need of separating it) or unfortunate (lack of
cheap raw material for pulp mills, fertilizers, and other chemical use), the gas found in
the Kenai area of Alaska.is sweet and dry — almost 100 per cent.methane. This is like-
wise true of gas found at Gubik, -

. Alaska's sulfur resources are pretty much confined to the deposits of iron sulfides
that are rather abundant in the area around Prince William Sound and. in parts of South-
eastern Alaska, Its value will be pretty much limited to supplying local needs for sulfur
and sulfuric acid, once chemical industries develcp in the area.

Sulfur is also known to occur associated with recent volcanoes out on the Aleutian
Islands. Deposits on Makuskin Volcano have been estimated by the U, S. Geological
Survey to contain 33,000 tons of sulfur, 9,000 tons in material estimated at 60 per cent
of sulfur, and 24,000 tons in material containing around 23 per cent of sulfur, More may
be found in these little-explored areas.
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With respect to marketing the apparent excess supplies from British Columbia, a
mining official in Toronto reported that by-product sulfur from Alberta is now being mar-
keted in eastern Canada by the granting of extra low freight rates by the railroads. Its
separation from the gas is mandatory so the producers can sell at almost any price that
will permit it to compete with sulfur from other sources in large eastern markets.
British Columbia sulfur might find such outlets for excess supplies in the East,

Limestone

Limestone deposits of large size and high purity are found on many of the islands
in Southeastern Alaska. (42) Shown on Figure V-9 are only three of the 24 deposits
(No. 40, Dall Island; No. 41, Edna Bay; and No. 45 Heceta Island) described excellently
in the pamphlet in terms of location, size, quality, geologic relations, economic uses,
accessibility to dock and harbor facilities, available fuel, etc. Hundreds of millions of
tons are available covering rock meeting specifications for a variety of uses — rock for
cement and lime manufacture, chemical use, flux stone, calcium carbide manufacture,
agricultural lime, etc. One property on Dall Island operated quite steadily on a 6-month-
per-year basis from 1928 to 1940, and again in 1948 and 1949, Opening up of limestone
deposits in Washington coupled with legal difficulties in Alaska displaced this source for
raw materials for cement manufacture in the Pacific Northwest, but 1960 activity of a
large cement company in constructing a barge camp for limestone development work on
Dall Island apparently presages planned resumption of limestone quarrying for ship-
ment south to its plant in Washington,

Extensive studies have been made of limestones accessible to the Rail belt in
Alaska(43) as potential raw materials for portland cement manufacture for construction
needs in that area. The Windy deposit (Figure V-9, No. 43) has probably had the most
work done on it, but it is found to be of erratic and often too high magnesia content to
serve for this purpose. The Bureau of Mines concludes that the best limestone for
portland cement is found at Foggy Pass, lying.some 8 miles west of the Windy property,
where a deposit of sufficient size and satisfactory quality was found. '

The limestone deposit near Seldovia (Figure V-9, No, 44) is too high in magnesia
for good cement stone, although plans were made shortly after World War II to make
cement from this deposit by using coal from deposits near Homer, Inability to raise
necessary capital for plant construction blocked further action.

Announcement was made in the summer of 1960 by Kaiser Permanente Cement
Co. of plans to construct a 500, 000-barrel-per-year cement plant near Anchorage. At
capacity operation this would require a small quarrying operation of only something over
100,000 tons per year of limestone.

A large deposit of high-purity limestone at Mile 41 on the Haines Cutoff (Figure
V-9, No. 42) was reported by Twenhofel. (10d) This could serve as high-quality chemi-
cal stone, as stone for cement manufacture, flux for steel or other metallurgical use,
or calcium carbide manufacture,

Limestones occur interbedded with other sedimentary rocks of the Paleozoic series
in the Yukon and parts of British Columbia, but are considered of no importance to this
study.
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Clay and Shale

Clay and shale deposits in the Area have potential use mainly as a source of raw
material for making structural clay products for use in the Area, With population cen-
tered at both ends of the Rail belt of Alaska, major interest has been focused on deposits
in that region. There are no deposits of such high purity of kaolin or other special
types as to be considered for potential export.

The picture for clay and shale for ceramic use in the Rail belt might best be
described briefly by quoting the summary of the extensive samsﬂing and testing program
conducted by the U, S. Bureau of Mines in the early 1950's(43a);

'"Nine deposits or formations within the Railroad belt were investigated as
sources of raw material for brick and tile products. As a result of the in-
complete Bureau of Mines program, the following conclusions can be made:

"The Anchorage area has clay that is satisfactory for the production of brick,
Although this glacial clay, as represented by the samples from Clay Products,
Inc., has a short firing range, closely controlled firing will produce brick
that will withstand the rigorous climate of the area.

"A sample from the Chickaloon formation near the road to the Evan Jones
coal mine gave indications of a possible source of shale for structural-clay
products. Additional sampling to locate a supply of material of this type is
in order. Such a deposit should be readily accessible to the Anchorage area.

""Clay from the Alaska Gypsum Queen Corp. claims on Sheep Mountain gave
the best results of all the samples tested for ceramic uses, The clay has
excellent working characteristics and fired strength....Excellent resistance
of the product to weathering is indicated by lengthy freezing and thawing tests.
The Sheep Mountain clay, with proper preparation, such as washing, is
capable of producing a brick of high heat duty for refractory use.

""Next to the clay from Sheep Mountain, the shales from two of the most
prominent shale members of the Healy coal formation show the best possi-
bilities for the production of brick of all the deposits sampled. The results
of freezing and thawing tests indicate that a product can be made that will
withstand the rigorous climate of the Railroad belt. "

Lightweight Aggregate

This material, again, is of major interest as a construction material for local use
in the relatively populous areas along the Rail belt. The U. S. Bureau of Mines sum-
marized the occurrences as follows: (43b)

""Shales and other argillaceous rocks amenable to the production of the light-
weight aggregate Haydite occur in several localities within the Railroad belt.
One of the best of those tested is at mile 67 (near Sutton) on the Glenn High-
way, where it is readily accessible to the Matanuska Valley and to the
Anchorage area. Preliminary tests indicate that the lightweight aggregate
produced has a fine, vesicular structure, with uniformly spaced pores.
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"A shalc from mile 16 on the Matlanusgka branch of the Alaska Railroad is of
similar age and composition to the mile 67 shale; it gave similar results in
preliminary bloating tests,

"Of the other formations tested for their bloating characteristics and possible
use as lightweight aggregate, two samples of argillite near Indian River 4
miles south of Chulitna Station gave the best results.

"One deposit that was not directly within the Railroad belt was sampled.

This was a blue clay bed near Miller's Landing at Homes, Alaska., Prelimi-
nary tests indicate that the clay bloats at a comparatively low temperature,
below 1100°C, and gives an excellent volume increase. There was some in-
dication that this material may bloat before the outer surface reaches a
pyroplastic condition, permitting the production of aggregate in a gradation
of sizes that does not require crushing after processing.

"Pumice, a naturallightweightaggregate, occurs within the Katmai National
Monument on the Alaska Peninsula and also on Augustine Island in Cook Inlet,
Although no samples have been taken by the Bureau of Mines, building units
of excellent strength and appearance have been produced from this material,

""One occurrence of perlite in the Healy area was investigated during 1950 by
the Geological Survey. Two specimens procured from the Geological Survey
by the Bureau of Mines compare favorably with Arizona and New Mexico
perlites, -which are being processed for plaster and concrete aggregates. "

The U. S. Geological Survey has recently completed a supplementary study of
bloatable clays and shales in the Rail belt. (44) Several deposits of satisfactory ma-
terial for making lightweight aggregate are described in detail, including the deposit at
Mile 67 on the Glenn Highway (Sutton) described above., Reserves at Kings River are
estimated at 35 million tons and those at Sutton at about 25 million tons, The material
is considered satisfactory for making lightweight aggregate, and is located close to
coal supplies in the Matanuska Valley for fueling the bloating operation,

Gypsum

Gypsum is another comparatively low-value bulk commodity that finds major uses
in making prefabricated building products such as lath and wallboard, plasters, and as
a retarder in portland cement.

Deposits are scarce in the Area. The deposit on Iyoukeen Cove of Chichagof
Island (Figure V-9, ‘No. 30) was mined for a short time and the product shipped to the
Puget Sound area., Beds are about 7 feet thick, containing two l-foot-thick beds of
limestone. Whether seawater seepage, markets, or‘economics of mining such a thin
deposit with interbedded limestone caused abandonment of the operation is not known.

A small deposit on Sheep Mountain along the Glenn Highway (Figure V-9, No. 31)
was sampled and mapped by the U.” S, Bureau of Mines and 'Geological Survey, and pro-
duced small tonnages for an'An¢horage wallboard manufacturer around 1950. It is not
satisfactory for use as a retarder for portland cement manufacture.
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Beds of gypsum are reported to outcrop along the northwest side of Slims River
near the Alaska Highway in Yukon Territory (Figure V-9, No. 32).

U. S. markets on the West Coastare amply supplied from California's 12 mines
(in 1958) and one in Washington., Reserves there are ample for many decades.

Phosphate Rock

The only deposits of phosphate rock known in the Area were discovered on the
Arctic Slope of Alaska during the geologic investigation of Naval Petroleum Reserve
No. 4 between 1944 and 1953 (Figure V-9). Conclusions of this study are quoted as
follows(45):

"The phosphate deposits in the black chert and shale member of the Alapah
limestone (Mississippian) have been measured and sampled at two localities
in the central Brooks Range and Arctic foothills provinces, Nearly all the
phosphate rock (25 per cent or more P30s5) was found in thicknesses of as
much as 37 inches, but no thicknesses of acid-grade phosphate rock (31 per
cent or more P205) exceed 16 inches. A comparison of measured sections
of the black chert and shale member in the upper Kirukatagiak River,
Tiglukpuk Creek, and Shainin Liake areas indicates that there are marked
lateral variations in lithologic character as well as phosphate content,
Because of these facies changes and because of the complex structure of the
rocks along the mountain front, further work will be necessary before the
black chert and shale phosphate deposits can be fully evaluated.

"Samples of phosphate rock containing as much as 35. 8 per cent P05 have
been found in the Shublik formation (Triassic) in the eastern Brooks Range.
Nothing is known about the thickness and extent of the deposits, but, because
of the grade and widespread distribution of the samples, further investiga-
tion would seem warranted, "

Phosphate rock is a low-value product that requires cheap water transportation for
movement over any distance, U, S. reserves are of the order of 1000 times present
annual production, distributed mainly in southeastern and northwestern states. Supplies
are also plentiful in Oceania (Nauru Island) and Australasia.

Even if the deposits in Alaska were much richer, their isolated location along the
Arctic Slope with access only to the Arctic Ocean would preclude their development —
certainly in the 20-year future covered in this study.

Fluorspar

Probably the most important fluorite deposit in the Area is located at Mile 498 on
the Alaska Highway in northern British Columbia (Figure V-9, No. 21). This occurs in
a general zone where hot springs are presently depositing fluorine and barium-containing
minerals. The deposit is up to 20 feet thick, grading 25 to 35 per cent of fluorite with
some witherite (barium carbonate). (46) Lengthy and costly transportation to markets
will prevent development of this for a long time.
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The only other deposit of any size is in the Lost River tin mine on Seward Penin-
sula (Figure V-9, No., 20), where it occurs both as irregular veins and replacement
bodies quite separate from the main tin-bearing dike, and (most important) as fluorit-
ized limestone zones bordering the main tin~bearing dike. The Geological Survey esti-
mated reserves of between 300,000 and 400, 000 tons of fluorspar in this entire deposit.
Grade is not nearly high enough to consider mining for the fluorspar content in this re-
mote, high-cost area.

Small scattered deposits are also known in the Wrangell district of Southeastern
Alaska, but nothing approaching size and grade for commercial exploitation,

Barite

Occurrences of barite are known in Southeastern Alaska on Castle Island, Lime
Point, and Cornwallis Peninsula (Figure V-9, Nos. 10, 11, and 12, respectively). The
Castle Island and Lime Point deposits are both replacement deposits of limestone; re-
serves at Castle Rock are estimated at 50,000 tons of barite above high tide, and at
Lime Point about 5000 tons above low tide. Possibility of increasing the reserves is
considered dependent on discovery of additional deposits rather than on extensions of the
presently known deposits.

Location of the barite on Castle Island and Lime Point directly on tidewater might
.warrant another look at these deposits as possible sources of barite for oil-well-drilling
muds if the active drilling program in Alaska develops really major fields.

A deposit of barite occurs along the Alaska Highway in northern British Columbia
in the hot spring zone previously mentioned under '"Fluorspar', only about 50 miles west
of Fort Nelson. (46) Location reasonably close to the oil-drilling activity in northeastern
British Columbia, in which it may be used for oil-drilling muds, could appear to justify
more thorough investigation of this deposit than it has received in the past,

Large deposits of highly pure barite occur on Barite Mountain about two miles west
of Mile 118 on the Canol Road (Figure V-9, No. 13). Kindle(47) estimated rescrves as
50, 000 tons of proved barite, with much additional as prospective. Samples tested
showed BaSO4 content of 99. 2 and 99. 7 per cent. Remoteness of the deposit and rela-
tively low value of the material ($18 per ton) will preclude exploitation of this deposit for
a long time.

Graphite

Occurrences of graphite are known on Seward Peninsula (Figure V-9, No, 50),
where 50 tons of measured reserves were reported(48) in the form of sorted material
that had been stockpiled and 65,000 tons of rock containing 52 per cent of graphite,
Whether the sorted material would meet specifications for strategic crystalline flake
graphite is not reported. The amorphous material occurs in great abundance in the
United States, and stands no chance of exploitation from this remote area.
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Jade

Both nephrite and jadeite have been found as pebbles and boulders and in a lode de-
posit associated with asbestos in the Kobuk region of northwest Alaska (Figure V-9,
No. 4). Shipments of this high-quality gem-stone material have been sent out of the dis-
trict. Much of it is carved into various types of jewelry (in Germany), and some of this
{inds its way back to Alaskan gift shops. Lesser amounts are used by Eskimos in making
simple jade carvings. Tonnages of material involved in this small-crafts industry are
negligible.

Sand and Gravel

Sand and gravel occur quite abundantly throughout the Area, but in some large
areas, especially those that have not been glaciated, problems are encountered in finding
sufficient material close at hand for building purposes, road metal, and other uses. In
some of the extensive flat areas, sand and gravel, if present, may be deeply buried by
fine silt or soil, may occur below ground-water level, or may be perpetually frozen.
Difficulties in locating the material are encountered along sizable stretches of the Alaska
Railroad, for example.

Nevertheless, sand and gravel fortunately are abundant near populous areas, and
production in the past decade jumped as a result of the extensive Government construc-
tion program. As shown in Table V-1, output jumped from minor quantities to over 3
million tons in 1950 and reached a peak of over 10 million tons in 1952, since when it has
fluctuated around 5 to 7 million tons except for another high of almost 10 million tons in
1955, Its value is only a little under $1 per ton, but in total it almost equals that of gold
from the state,

Its use is of interest to this study in connection with its availability for road con-
struction rather than as a resource requiring improved transportation for its
exploitation.

Summary

The foregoing discussion indicates in a broad, general way that known metal and
mineral deposits in the Area are either too low grade if they are large enough or are too
small if grade is sufficiently high to allow for commercial development under present
market conditions. By and large, the latter should not change materially in the next 20
years. High costs for labor, equipment, and supplies in the Area, especially Alaska,
are a serious obstacle to mineral development.

The one outstanding assured new operation is that of Canada Tungsten Mining
Corporation in Northwest Territories north of Watson Lake, which will produce some
2500 tons of tungsten concentrates per year starting in 1961, Operations for a number
of years, at least, will be by open-pit mining,

Beyond this, best short-term prospects for commercial operation are the iron de-
posits of Southeastern Alaska — both the medium-grade ore in relatively small deposits
and the large low-grade ore deposits requiring concentration, with main market potentials
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in Japan. All of these would be open-pit operations. If large blocks of electric power
could be made available at around 4 mills per kwhr it is plausible to think in terms of

a substantial pretreatment — electric smelting operation producing say 1 million tons of
steel per year at Klukwan, for marketing on the U. 3. West Coast in the next 5 to 10
years. Smaller blocks of low-cost electric power might be utilized to smelt iron-ore
concentrates at Snettisham to produce say 175,’00‘0 tons of pig iron annually.

Mercury prospects in the Kuskokwim River area might well develop into several
new mercury producers within 20 years, producing say 12,000 flasks annually worth
about $2.5 million. Output could be flown out as from the Red Devil at present, but
trucking over a new access road would be much cheaper.

It is likewise plausible to visualize development of the Vangorda Creek lead-zinc-
copper deposit in Yukon Territory by open-pit mining in the next 5 years, producing
around 70,000 tons of concentrates per year for sh_iprhent through Whitehorse and
Skagway to Vancouver and Trail, British Columbia. The Hyland River zinc-lead-silver
deposit might be opened up at a lower operating rate. A road up the Taku River might
tip the economics in favor of reopening the Tulsequah mine with an annual output of
some 30,000 tons of zinc concentrates and byproducts.

Within perhaps 8 to 10 years the Clinton Creek asbestos property north of Dawson
might well be developed as an open-pit operation, with an annual output of 30,000 tons
of asbestos fiber, shipped to Whitehorse, Skagway, and Vancouver,

Four low-grade copper deposits — Sumdum, Kobuk, Scud River A, and Scud
River B — might be exploited starting some 10 to 15 years hence, -each producing at an
assumed rate of 10,000 tons of ore milled per day or say 108,000 tons of concentrates
per year. A higher grade to make ore at Kobuk would raise the annual output to around
160,000 tons of concentrates. Finally, the Granduc copper property might well be de-
veloped in 5 to 10 years, with an assumed output of around 10, 000 tons of ore daily, or
around 195,000 tons of concentrates per year. These would be moved to the coast for
shipment probably to the Tacoma copper smelter.

A limestone deposit near Sutton in the Rail belt will be used for cement manufac-
ture, and extensive deposits on Dall Island or nearby in Southeastern Alaska might well
be exploited at around 1.5 million tons per year for shipment to Washington or Oregon
for cement manufacture.

Table V-4 summarizes this picture of the most plausible new metal and mineral
developments in the Area during the next 5 to 20 years based on presently known deposits.

Except for Kobuk, Kuskokwim mercury, Vangorda Creek, Canada Tungsten, and
Clinton Creek, all the deposits are on or reasonably close to tidewater. New roads
would be needed by all of these plus the Scud River deposits — the latter to provide
year-round access to deep tidewater.

In addition, smaller operations might be developed in Yukon Territory at Quill
Creek and Canalask, and future development might indicate substantial producers at
Johobo in Yukon Territory and at Brady Glacier in Southeastern Alaska.

All of those listed, however — with the exception of Canada Tungsten — are highly
conjectural, and will depend on the nature of competitive discoveries and developments
elsewhere in the world and on assumed growing markets. It is quite possible that none
of them will be developed within the 20-year period covered by the study.



TABLE V-4, MOST PLAUSIBLE NEW METAL AND MINERAL DEVELOPMENTS IN NORTHWEST NORTH AMERICA DURING NEXT 5 TO 20 YEARS,
BASED ON PRESENTLY KNOWN DEPOSITS

Estimated Population Increase

Estimated Annual Output Secondary
Metal or Estimated Size, Estimated Grade, Value, Business
Deposit Mineral tons of ore per cent Short Tons dollars Employees Dependents Incl. Dependents Total
Klukwan (fan) Iron 500 million 12 2 million conc, 16, 000, 000 700 1400 2100 4200
1, 050, 000 steel 73,500, 000 1500 3000 4500 9000
Snettisham Iron 400 million 17 325,000 conc, 2,780, 000 190 380 570 1140
175, 000 pig iron 8,750, 000 365 730 1095 2190
Kasaan area Iron 25 million 40-50 600, 000 ore or conc, 4, 280, 000 65 130 195 390
(6 deposits) '
Hines Creek Iron 500 million 33 350, 000 steel 25, 000, 000 500 1000 1500 3000
Sumdum Copper 30 million(3) 13 108, 000 conc. 16, 000, 000 450 900 1350 2700
Kobuk Copper 100 million 1, 5(®) 162, 000 conc, () 24, 000, 000 450 900 1350 2700
Scud River A Copper 50 million(3) 1(3) 108, 000 conc. 16, 000, 000 450 900 1350 2700
Scud River B Copper 50 million(2) 1 108, 000 conc. 16, 000, 000 450 900 1350 2700
Granduc Copper 30 million 1,8 195, 000 conc, 29, 000, 000 700 1400 2100 4200
4,84 zinc

i i1l 3.05 lead 0 6 900 1800

Vangorda Creek Lead-zinc- 10 million 0.3 copper 70, OOQ conc, 8, 000, 00 300 00 0

copper 1,8 oz silver/ton

Quill Creek Nickel-copper 730, 000 2.0 nickel, 1,4 copper 4, 000 conc. 2,000, 000 25 50 75 150
Canalask Nickel 540, 000 1.1 4, 000 conc, 1, 000, 000 25 50 75 150
Kuskokwim area  Mercury ? 2 500 mercury 2, 500, 000 100 200 300 600
Tulsequah . Zinc + others ? 8 Zn, 5 oz silver 30, 000 conc, 5, 000, 000 100 200 300 600
Canada Tungsten Tungsten 1, 300, 000 2.5 WOq 2,500 conc, 3, 200, 000 150 300 450 900
Dall Island Limestone 300 million  High quality 1,500, 000 1, 500, 000 100 200 300 600
Clinton Creek Asbestos 5, 000, 000 10 30, 000 asbestos 8, 000, 000 400 800 1200 2400

(a) Highly conjectural,
(b) Grade probably required to make operation economic, which is higher than that shown by drilling through 1959 season,
(c) Might be around 50, 000 tons of blister copper smelted near the mine,

L9
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Thus, any assured metal or mineral developments of major size in the Area are
quite completely dependent on finding deposits that are bigger and/or higher grade than
those now known, Although some large mining companies that have been actively explor-
ing the Area in the recent past are disappointed with the results and speak of their ex-
periences as '""disillusioning'', others are quite optimistic and consider the Area good
"hunting ground" for metal discoveries, There is still the strong hope of making one or
more new fabulous finds comparable with the United Keno and Kennecott deposits.

But in this metal ""hunting'' game, again, the Area must compete for exploration
dollars with other areas throughout the world, and, to be realistic, the Area has its
drawbacks. Mountainous terrain, short seasons, fickle weather, scarcity of lakes for
landing airplanes, and remoteness combine to make prospecting in much of the region
more costly by far than in many other geologically attractive areas, such as the Pre-
cambrian Shield of northern Canada.

Nevertheless, exploration activities are being pushed by mining companies, and
the Alaska Department of Natural Resources estimates annual prospecting and explora-
tion expenditures in Alaska during the past 4 years at between $1 million and $1. 3
million, exclusive of oil and gas. - Recent social and political developments in many
foreign areas have augmented the risk factor in developing and conducting enterprises
abroad. Continuation of this trend might well cause mining companies to expand their
exploration efforts in Northwest North America, where the '"business climate'' is more
attractive and relatively secure.

Since future mineral development depends so heavily on exploration efforts, a map
was prepared of the entire Area showing comparative lode-metal potential, Figure V-10.
Areas are shown in classes of promise for lode-metal discovery and production irom the
most promising (moderately high potential) to least promising (nil). This means of
portrayal was taken from an unpublished map prepared by the British Columbia Depart-
ment of Mines, and was extended up through Yukon Territory and Alaska, In developing
this map for these latter areas, reports by Bostock(2) and Aho(49) were very useful for
Yukon Territory, and numerous maps on physiography, geology, and metal occurrences
were of major help for Alaska. It should be emphasized that the classification of areas
is based only on general knowledge and judgment and serves only as a broad indication
of the relative promise of finding metals in the various areas. It has been critically
reviewed by government and industry geologists well acquainted with most of the areas;
their help in making suggestions for modification is gratefully acknowledged.

The map serves a useful purpose as a guide in pointing out more favorable loca-
tions for roads that may well serve as an incentive to more intensive prospecting and
exploration through easier and cheaper accessibility for the search, and providing
assurance of a means of moving equipment and supplies in and products out if discoveries
are made.

More intensive effort by government geological surveys in completing the semi-
detailed and systematic quadrangle mapping of the region at a scale of about one mile to
the inch might in itself turn up important mineral discoveries and would be of great
assistance in attracting and guiding more intensified exploration by industry. It has been
estimated that, with respect to Alaska, about 50 per cent of the area has been covered by
geologic mapping at scales of four or two miles to the inch, but that detailed geologic
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mapping at one mile to the inch, of major use to companies in exploration activities, has
covered only about 3 per cent of the state. More intensive detailed geologic mapping in
Alaska by the U. S, Geological Survey is urgently needed and is fully warranted.

(1)

(2)

(3)

(4)

(3)

(6)

(7)

(8)

(9)

(10)

(11)
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