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ABSTRACT

This study identifies and analyzes the most important variables 
which have influenced the development of mineral resources in the 
Circumpolar North. The purpose is to determine, based on analogies, 

those variables most likely to be critical in the future development 

of Alaska's rich mineral resources. The factors most essential for 
any mineral development are: the location of viable deposits, demand

for minerals, favorable governmental policies, available technology, 

transportation, sources of energy, investment capital, and economic or 

social or political benefits which exceed costs. These factors are 

discussed in terms of historical experiences in the Circumpolar North, 
a region in which there has been a steady movement northward of a 

frontier based on mining. This mining frontier has virtually disap

peared in the paternalistic and export-oriented economies of the 

Nordic states. It has advanced substantially in the Soviet North 
under the centrally planned and largely self-sufficient economy of the 

USSR. In the relatively laissez-faire policies and market economies 

of North America, the mining frontier is not as far advanced. In 
Alaska, post World War II economic development has been fueled by 

defense construction and petroleum related activities, while federal 

and state policies towards land-use restrict mineral development. In 
Northern Canada, government policies encouraged an acceleration in 

mineral development.

iii
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From analyzing experiences elsewhere in the North, the study 

concludes that the major critical variables for mineral development 

must be favorable simultaneously. These variables must be 
synchronized in time, but this not always been the case in Alaska. 

This study highlights those policies which could facilitate the 

development of a much stronger mineral industry in Alaska, one which 

could contribute significantly to the national mineral base, to 

foreign trade, and to Alaska's economic development.
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• PREFACE

The notable differences in the density of transportation networks 

among the various regions of the Circumpolar North drew u$r attention 
in the course of a military career which included the development and 

testing of combat vehicles in northern environments, six years of 

service in Alaska, and travel in northern Canada. After retiring from 
the Army in 1971, I completed a program in Northern Studies at the 

University of Alaska-Fairbanks, which concentrated on transportation- 

related topics, and received a degree of Master of Science in 1973* 
Further pursuit of graduate study was interspersed with teaching 

subjects in transportation and geography in the Departments of 
Business Administration and Geography respectively. During 1979-1982 

I participated as a transportation analyst and planner for Louis 
Berger & Associates, Inc. in regional multimodal transportation 

studies for the Alaska Department of Transportation and Public 

Facilities. This work included the development of estimates of 

potential mineral production, transportation routes and engineering 

concepts for mineral transportation systems including winter roads, 
slurry pipelines and air-cushion vehicles; and assessment of the 

impacts of environmental and land-use policies and regulations on 

potential transport routes and modes; and a preliminary survey of 

transportation development in the Soviet Union.
The knowledge and experience thus acquired enabled me to attempt 

a comprehensive, cross-disciplinary study of the evolution of 
transportation and mineral development within the physical and human

xi
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environment of the Circumpolar North, ascertain possible reasons for 
regional differences in the rate and extent of those developments, and 

hopefully suggest some feasible courses of action for the State of 

Alaska. This dissertation does not purport to be a complete or final 

treatment of a topic of such magnitude and complexity, but I believe 
it provides a basis for a broader perspective of northern development 

in policy making and planning by those who are shaping the future of 
Alaska.

This study would not have been possible without the assistance 

and encouragement I received from a large and widely diversified group 

of talented and dedicated persons. I am eternally grateful to my 
faculty advisory committee, initially headed by Dr. Ernest Wolff, 

Associate Director of the Mineral Industry Research Laboratory, under 
whom I had served previously as a research assistant. Upon Dr. 
Wolff's retirement from the University of Alaska, Dr. David Maneval, 

School of Mineral Engineering, assumed the chair and steered me 

through the process of meeting the requirements for a degree of Ph.D. 

Geography Department Head Dr. Donald Lynch, was my first graduate 
advisor. He was instrumental in njy successfully completing a Master 
of Science degree program, and had sufficient confidence in my 

capabilities to take me on as an Assistant Professor of Geography. 

Dr. Lynch graciously consented to serve on my Ph.D. committee, and 

gave unstintingly of his time and talent to a thorough and 
constructive editing of uy dissertation, which greatly improved the 

final product.
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Doctors Bonita Neiland, Agriculture and Land Resources 
Management, and Nils Johansen, Geological Engineering, have been long
standing members of the committee and have both continually stimulated 
my intellect. Doctors Ted Eschenbach and Nicolaas Coetzee, of the 

Civil Engineering Department of the Anchorage and Fairbanks campuses, 
respectively, joined the committee team in mid-stream and contributed 
extensively to the structuring, defense and completion of the 

dissertation. Doctors Wolff and Earl Beistline, Dean Emeritus of the 

School of Mineral Engineering, served as adjunct members of the com

mittee, which I appreciate very much. Dr. Roger Pearson, along with 
many others of the University faculty gave me their support among whom 
the late Dr. Eb Rice, Arctic Engineer, philosopher and friend, 

deserves special recognition.
The Fairbanks staff of the Alaska Division of Geological and 

Geophysical Surveys, under Gil Eakins, rendered valuable assistance in 

this project. I am indebted to Tom Bundtzen, Senior Economic 
Geologist, for his critical review of Chapter 2, especially my treat

ment of the geology and mineral resources of the Northlands. Thomas 
Smith, Senior Minerals Geologist and Mark Robinson, Economic Geologist 

also contributed their expertise. Barbara Hart and Kathy Goff did an 

admirable job of preparing the illustrations, and I wish to thank Ann 
Schell for making the Division's cartographic facilities available.

Doctor John Sims and Charlie Green of the Alaska Office of 

Mineral Development; James Barker, U.S. Bureau of Mines Fairbanks
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Office; Paul Metz, Economic Geologist with the Mineral Industry 

Research Laboratory, University of Alaska-Fairbanks; and William 
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cheerfully provided technical assistance and publications. The Alaska 

Department of Transportation and Public Facilities kindly permitted 
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Louis Berger & Associates, Inc., as did the American Society of Civil 

Engineers for the use of my maps, published in the proceedings of the 

technical symposium on Northern Communities held in Seattle in 1981.
I cannot speak too highly of the efficient and courteous staff of 

the University's Rasmuson Library. Marnie Cornwall, Rheba Dupras, 

Mark Goniwiecha, Pauline Gunter, David Hales, Doris Miller, Joanna 

Phillips, Carol Solli, Dennis Stephens and Julia Triplehorn cheerfully 
and patiently assisted in mF literature and map research. A special 

place in Heaven should be reserved for Laura Lee Potrikus, Geography 

Department secretary, who translated my illegible handwriting, 

responded at any time to meet deadlines and manipulated the word- 
processor superbly through several drafts to produce this final copy. 

To all of you, and to the many others who helped to complete this 

effort, my sincere thanks. Any errors of ommission or commission 

appearing in this document are solely iqF responsibility.
Finally, I wish to express my deepest gratitude to my devoted 

wife, Irene, to whom this opus is lovingly dedicated.

Edwin M. Rhoads
April, 11, 1986
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THE MINING FRONTIER AND TRANSPORTATION 

IN THE NORTH 

Analogies to Alaska

CHAPTER 1: INTRODUCTION

The northern regions of the continental land masses are charac
terized by climatic conditions which limit the northward expansion of 

agricultural development and settlement. Occupation of these regions 
by Europeans and later by the United States in Alaska was undertaken 

for two primary purposes: the economic exploitation of natural 

resources: and, national sovereignty. These resources include fish, 

sea mammals, furs, timber and minerals.
The harvesting of sea mammals, principally whales and fur seals, 

required no inland penetration, and commercial fisheries are confined 

mainly to coastal waters and major rivers. Fur-bearing land mammal 
habitat is extensive in the northern regions, and the development of 

the fur trade industry from the 17th to the early 19th century 
resulted in an extensive but thin pattern of settlements in both 

hemispheres. The fur trade, however, did not require sophisticated 

transportation facilities. The shipment of furs and logistical sup

port were accomplished initially by small river craft, pack animals, 
dog sleds and wagons or carts. The production of forest products does 

require heavy equipment and consequently more extensive transportation 
facilities, but economic timber stands occur mainly in the more

1
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southerly parts of the northern regions and along rivers. Large-scale 

extraction of minerals is highly capital intensive, requiring substan

tial transportation and service facilities, and is not confined to 

areas of favorable climatic conditions.
The geology of the Circumpolar North includes extensive metallo- 

genic zones or belts in which concentrations of metallic minerals 

occur, as well as sedimentary basins containing deposits of coal, 

petroleum and natural gas, and structures containing other nonmetallic 
minerals. The discovery of minerals, especially gold, from the 17th 

through the 19th century led to the evolution of mining as an 

important economic activity in the region, and by the early 20th 

century there were a number of widely scattered producing districts. 
Since World War II many deposits of sufficiently high grade or high 

volume ore to be mined economically have been located and could be 

developed, and important new discoveries have been made as a result of 

improved exploration technologies.

PURPOSE AND SCOPE OF THE STUDY
Several world class hard rock mineral deposits have been 

discovered in recent years in Alaska north of the Yukon River, in 

areas not currently served by overland transportation systems (Sims 

and Green, 1985, p. 15-18). Except for the monumental development 

effort undertaken following the Prudhoe Bay oil strike, no large 
mineral deposits have been developed in Alaska in the past forty 

years, so that the relationship between transportation and hard rock 
mineral development remains essentially unstudied in Alaska. In con
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trast, since World War II deposits in similar geographic environs 
elsewhere in the Circumpolar North have been developed, and supporting 

transportation systems established.
The purpose of this study is to formulate and analyze the major 

variables that will likely control the development of hard rock 
minerals and related overland transportation systems in Alaska north 
of the Yukon River. This is accomplished by identifying the major 
variables which have influenced or controlled the development of a 
number of mineral deposits in comparable geographic areas of the 

Circumpolar North, and relating them to the economic, political, 
institutional and social constraints to which the development of 

selected mineral deposits in northern Alaska would be subjected.
The basic methodology employed in this study is the use of 

historic analogy to postulate the conditions under which hardrock 
mineral deposits in northern Alaska and their ancillary transportation 
facilities could be developed. This is accomplished in three stages. 
In the first stage, the expansion of mining and transportation 
development in the Circumpolar North is surveyed (Chapters 3 and U). 

Secondly, the factors which have influenced, controlled and con
strained these developments in the northern regions of the nations 

analogous to northern Alaska are identified (Chapter 5)* Thirdly, 
those economic and political factors most likely to influence mineral 
and transportation development in the north Alaska environment are 
evaluated with respect to hard rock mineral deposits and their 

potential transportation facilities (Chapter 6).
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A discussion of specific potential mineral developments and 
supporting transportation systems in northern Alaska is presented in 

an appendix to the study.
It is an understatement to say that the literature pertinent to a 

study of this nature is voluminous. Nearly all the data for this work 
were drawn from secondary sources in several disciplinary fields. 
Historical sources included such authors as Terence Armstrong, Alfred

H. Brooks, Harold Innis, William Mead, Claus Naske, and George V. 
Vernadsky. Technical sources included professional journals and 

periodicals as well as hooks, a number of which were translated from 
Russian by Canadian, Israeli and U.S. institutions noted for their 
competency. Maps and texts in Russian dealing with geology, 

tectonics, and mineral development were consulted to some extent. A 
number of authorities provided information on economic and transporta
tion development in the Circumpolar North, including C.E. Beigie and 
A.O. Hero, Leslie Dienes, Gordon Harrison, Fritz Hodne, N. Nekrasov, 
George Rogers, Robert Taaffe, John E. Tilton, Ian Wallace and William 

C. Wonders, to name a few.
Much of the research for the study was conducted between 1978 and 

1983, hence the majority of references predate 1980. During the 
writing of the text, more recent sources relating to the rapidly 
moving stream of events impacting the evolution of the Circumpolar 
North were consulted in an effort to bring the study up-to-date as of 

1985.
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MINERALS AND THEIR SIGNIFICANCE
A brief overview of the national significance of minerals and the 

basic elements of mineral production is appropriate at this point. 
Dr. John E. Tilton, Professor of Mineral Economics at Pennsylvania 
State University, expressed concisely the role of minerals in today's 

civilization:
"Minerals are the foundation on which the industrial societies of 

Japan, Western Europe, and the United States are built. Although 
mineral productions and processing do not constitute a large part of 
their national income, their high standard of living would be 
seriously threatened if the flow of minerals into their economies were 
cut off". (Tilton, 1977, P* 91)

Minerals can be divided into three major categories:
1. metallic minerals, those containing (elements) metals which

are useful because of their metallurgical, chemical, or physical 

properties;
2. nonmetallic minerals, which include industrial minerals, 

e.g. asbestos, sulfur; fertilizer minerals such as potash and 
phosphate rock and construction materials (sand, gravel, 

aggregate); and
3. energy minerals, of which petroleum, natural gas, coal and 

uranium are predominant.
This study is concerned primarily with metallic minerals. The 

metals are classified in various ways. One category, which is based on 
value, primary use and unique properties, includes the majority of 

commercial metals:
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- Precious Metals, relatively scarce metals having a high value as 
a medium of monetary exchange or a unique physical property. 

This class includes principally gold, silver and the platinum 
group.

- Ferrous Metals, iron and the major alloying metals used in the 
production of steel and ferroalloys. The alloy metals include 
chromium, cobalt, manganese, molybdenum, nickel, titanium, and 

tungsten.
- Base Metals, traditionally defined as the opposite of precious 

metals. Copper, tin, lead, zinc, antimony, bismuth, and mercury 
are the typical metals of this class.

- Minor Metals, include a number of metals of economic importance 

but with a relatively low volume of use, such as selenium used in 

photo-electric cells.
- Rare Earths, a group of chemically related metals, of which 

cerium is the most common. It is used in small quantities for 
automatic lighters and gas mantles.

- Radioactive Elements, which spontaneously release energy in the 
form of high-frequency radiation or particles. This group 

includes radium, uranium, actinium, and thorium.
Another classification, which cuts across the economic groupings 

listed above, is based on national significance:

"Strategic Minerals are those commodities essential to the 
national defense for the supply of which, during war, we are wholly or 
in part dependent on sources outside the national boundaries of the
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United States, and for which strict measures controlling conservation 
and distribution are necessary".
"Critical Minerals are those essential to the national defense, the 
procurement of which in war, while difficult, is less serious than 
those of strategic minerals because they can either be domestically 
produced or obtained in more adequate quantities from reliable foreign 
sources, and for which some conservation measures may be necessary for 

nondefense uses". (Thrush, 1980, p. 5)
The U.S. is dependent on foreign sources for more than 50 percent 

of its requirements for the strategic and critical metals listed in 
Table 1.

THE NATURE OF THE MINERAL INDUSTRY
The mineral industry is unique among the resource-based primary 

industries in several respects. It exploits finite and nonrenewable 

resources, in contrast to agriculture, forestry, fisheries and hydro
power. Mineral resources have a wide and varied geographic distribu
tion not subject to current climatic regimes, commonly occurring in 
areas unsuitable for other industries. Frequently they are not 
obvious on the earth's surface. These characteristics result in a 
long lead-time, high risk endeavor to deliver an economically viable 

product from an ore deposit to the market place (Bossan and Varon, 

1977, P* 2U-26).
In its broadest concept, the mineral industry includes the 

production of petroleum and nattfral gas from drilled wells, the 
excavation and separation of free economic minerals from unconsoli-
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Table 1

Source:

Strategic and Critical Metals

Strategic Metals Percent imported^)
Niobium (columbium) 100
Cesium 100
Manganese 99
Bauxite 96
Cobalt13 95
Manganese 9k
Platinum Group Metals13 91
Chromium13 82
Tin13 79
Nickel13 7^
Tungsten13 71
Mercury13 60
Antimony13 5k
Selenium 51
Critical Metals
Zinc13 67
Barite13 6k
Silver13 6l
Titanium (ilmenite & rutile)13 60
Cadmium 56

a Net imports as percent of consumption, 198^

"k Produced or occurs in production quantity in Alaska
U.S. Bureau of Mines, 1985, Mineral Commodity Summaries

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



9

dated deposits (placer mining), and the extraction of consolidated 
mineral todies (lode or hard rock mining). The following discussion 
addresses the last category.

The mining process involved several stages, beginning with the 
geological exploration to locate a potentially economic deposit. Upon 
discovery of such a deposit, which may take several years of intensive 
effort, a detailed feasibility study is made. This phase, which may 

take from five to eight years, involves delineating the extent and 
grade (proportion of valuable mineral in the rock) of the deposit by 
confirmatory drilling, determining the most practicable mining method, 

obtaining bulk samples for pilot plant metallurgical testing, 
developing a plan for extracting the maximum amount of metal at the 
lowest cost, market analyses, and environmental studies.

The feasibility study must consider not only the construction and 

operation costs, but the cost of carrying the high capital investment 
for an extended period prior to receiving revenues from production, 
and the uncertainty of forecasting markets and prices 10 to 20 years 

in the future (Tilton, 1977, P» 29-30).
Should the results of the feasibility study indicate that the 

deposit under investigation can be put into production profitably and 
a decision is made to proceed with the project, the development and 

production phase begins. These steps involve the detailed design and 
construction of the mine and milling facilities, procurement of 

capital equipment, and obtaining the required permits from the 
appropriate government agencies. If the deposit is located in an
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isolated area, the provision of transportation, power, living accomo
dations and social services must "be addressed.

Upon completion of development (l to 3 years depending on size 
and complexity), the mining and milling of the ore is initiated. The 
milling process removes a portion of the unusable host rock, resulting 
in a higher grade product known as "concentrate". Large open pit 
mines may require on the order of eleven years from the exploration 

phase to the beginning of production, and another year to reach rated 
capacity. Underground mines, because of the deep drilling and deep 
shafts or long tunnels, will normally require a longer development 
phase, and two or more years to reach rated production capacity 

(Colorado Section, AIPG, p. 10-12; Tilton, 1911, P» 27-29).
The final phase, smelting and refining, produces metal suitable 

for the fabrication of consumer goods. Smelting and refining facili
ties may be located in proximity to the mining area, within the same 
country as the mines but at a distance, or in a different country. 
Ownership patterns range from small mining firms which ship concen

trates to a custom smelter, to large vertically integrated inter
national firms controlling the mining cycle from exploration to the 
final marketing of refined metal and even to the production of 

consumer goods (Bosson and Varon, 1977» P« Ho).
Since the 1960's, the trend has been toward massive mining opera

tions, taking advantage of economies of scale associated with large 
production capacity, the use of technologically advanced large mining 
equipment and improved labor productivity. Large open pit mining and
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improved processing technology make low-grade ores profitable by 

reducing operating costs, and the proportion of open pit to under

ground mines in the United States has risen as high as 90 to 95 
percent (Ibid., p. 3^-35)*
THE SIGNIFICANCE OF HARD ROCK MINING IN ALASKA

Among the four major resource production industries in Alaska, 
mining ranks lowest at the present time. In 1981, petroleum led by 

far with a dollar volume of $12.5 billion, followed by fishing at $620 

million, tourism $200 million and mining $185 million, of which metals 
accounted for approximately $56 million (gold $55*2 million, other 
metals about $1 million). A variety of hard rock minerals occur in 

the state, however, and expenditures by the mining industry for 
exploration of these deposits increased tenfold in the decade 1971
1981, topping $100 million (Conwell and Eakins, 1982, p. 28).

The geological structure of Alaska is similar to that of the 

western mining states (Arizona, California, Colorado, Idaho, Montana, 
Nevada, New Mexico, Oregon, Utah, Washington and Wyoming). It is 
reasonable to asume that the distribution of economic minerals could 
be on a comparable level and statistical models for such estimates 

have been developed (Harris, 19^8» P* l89-22l»). One analysis of the 
mineral production of those eleven states shows that the annual value 

of nonfuel mineral production during the period 1970-1975 averaged 
about $3,000 per square mile, with Arizona, California, Colorado and 

Utah significantly higher. If Alaska nonfuel mineral output were 
equivalent to the average of the 7 lower-than-average states ($1,868
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per square mile), the potential annual production value for the state 
would he $1.1 billion (Bracken, 1979)* Another estimate by the Alaska 

Miners Association, based on currently known resources, places the 
potential production value of ten potential hard rock mines at $3 

billion. This level of mining activity would create 6,000 new jobs 
and $^50 million in federal and state income taxes (Alaska Miners 
Association, p. 11).

While this projected range of mineral production is substantially 
lower than that of the petroleum industry, it is significant at both 

the national and state level. Nationally, it would contribute 
slightly to the gross national product, the national employment level, 

federal tax revenues and the reduction of federal welfare payments 
(Wolff et al«, 1973 P« 18). However, were a considerable portion of 
the base metal production placed on the foreign market, it would 
contribute substantially to the balance of international payments. 

(SRI 1978, p. 17.)
The production of strategic metals from Alaskan sources could 

contribute materially toward reducing our dependence on imports from 
foreign suppliers. Economic or near-economic reserves of antimony, 
chromite, cobalt, mercury, nickel, platinum-group metals, tin and 

tungsten have been delineated in Alaska. Some quantities of all of 

these metals except cobalt and nickel have been produced, much of it 
under government incentive to meet defense. requirement s. (Buntzen et. 
al, 1980, p. 52-62) The Reagan administration has expressed a strong 
concern regarding our dependency on uncertain sources of supply of
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strategic minerals and the need for measures to diminish their 
vulnerability by allowing private enterprise to expand our mineral 

economy (U.S. Congress, 1982, p. 39)* Known Alaskan resources could 
provide a significant contribution toward meeting this goal, and 

intensified exploration efforts may uncover additional resources.
From the State's perspective, the magnitude of the potential 

value of hard rock mineral production cited above would provide a 
substantial increment to the Alaskan economy. In addition to 

increasing the gross state product and the state work force, a number 
of other benefits would be realized. These include an improved 

business climate, greater workforce stability as a result of the year- 
round nature of most of the hard rock mining operations, greater 
economic diversification and potential improvements in regional ameni
ties as a result of the expansion of transportation and utilities into 
areas presently deficient in these facilities. The adverse social and 
environmental impacts of both the mining operations and their 
associated infrastructure facilities must be assessed carefully, as 
nonmonetary values may outweigh the potential monetary and employment 

benefits at the regional level (Division of Economic Enterprise, p. 

15- 16).

THE NORTHERN MINING FRONTIER
The term "frontier" has a number of meanings, ranging from that 

of a precise boundary between two countries to an abstraction such as 
the "frontiers of science". In the context of this study it is 
defined as "a zone or region that forms the margin of settled or
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developed territory", (Webster's Third International Dictionary) 
wherein transportation, power and other services contributing to the 

support of mining activity have been developed. Beyond this zone, 
provision of these ancillary services becomes a substantial increment 
in the development and operation of a mine. The advance of the mining 
frontier is not necessarily analogous to the advancing waves of 
settlement and development as formulated by Frederich Jackson Turner 

in his famous essay on the American frontier. The Turner thesis 
"begins with the Indian and the hunter;....the disintegration of 
savagery by the entrance of the trader, the pathfinder of civiliza
tion;.... the pastoral stage (ranching); the exploitation of soil by 

the raising of unrotated crops of corn and wheat in sparsely settled 
family communities; the intensive culture of the denser farm settle
ment; and finally the manufacturing organization with city and factory 

system." (Turner, 1961, p. 1+3). The gold rushes in California and the 

Rocky Mountains were elements in the westward movement of the American 
frontier, but the establishment of a mine and its associated infra
structure may or may not contribute to the further settlement and 

development of a region.
The expansion of mining in the Circumpolar North sometimes 

pioneered settlement and transportation patterns, e.g., in western 

Canada and Alaska. In other instances it was aided by ongoing 
regional development, such as the important nickel complex at 
Thompson, Manitoba. This was supported by the Hudson Bay Railway 
originally built to transport grain from the prairies to a shipping
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port on Hudson Bay. The integration of mineral development in a 
regional development strategy was implemented in the Soviet Union by 

Joseph Stalin, which resulted in the development in the Soviet North 
of mines, transportation, industrial centers and population settlement 
on a much larger scale than in Alaska and northern Canada (Gibson, 

1972, p. 19).
THE ROLE OF TRANSPORTATION IN THE MINING INDUSTRY

A mineral deposit becomes an economically valuable resource only 
when it can be mined and delivered to a consumer profitably. The more 
remote the location of the deposit, the higher the cost of mining and 

transporting the product. The production of minerals having a high 
unit value and which are easily separated from the worthless materials 
in the deposit, e.g., placer gold, is much less sensitive to trans
portation cost than those of lower value and requiring more capital 
equipment, labor and energy per unit mined.

A transportation system is essential for all phases of the mining 
operation, from exploration and development to production and eventual 
close-out and reclamation. The exploration activity involves the 
movement of the exploration party and its relatively portable equip
ment. Mine development requires the movement of large and bulky 

components and equipment required only during the construction of the 
mine and mill. During the operation period, the system performs the 

dual function of delivering the product from the mine and materials 
including fuel to the mine, as well as transporting personnel. The 
mode or modes of transportation and the extent of fixed transportation
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facilities required depends on a number of factors, such as the 
locale, the type and size of mine and milling plant, the volume and 

type of concentrate produced, the volume and types of materials 
required for operation, and whether there is a town or employee-only 
housing.

Exploration can be conducted in the absence of established 
transportation facilities, using helicopters, light to medium aircraft 

and off-road vehicles. Placer gold and small high-value hard rock 

mines can be supported by transportation systems requiring a minimum 
of fixed facilities and having relatively high operating costs (air
craft, heavy off-road vehicles, winter roads, and possibly air-cushion 

vehicles). Large scale base metal, iron ore and industrial mineral 
mines depend on a high-volume, low unit cost transportation mode such 

as water, railroad, or in some cases a slurry pipeline. Trucking is 
most often used where the annual traffic volumes are below that which 
would economically justify a railroad and where the haul distances are 

not excessive. A haul road using heavy truck-trailer combinations 

requires less capital investment in infrastructure and higher 
operating costs than the rail and pipeline modes (for examples, see 

Roberts & Dewees, 1971. P* 15-38; Mitaishvili, 1983, p. 5-8).
Transportation systems requiring relatively low levels of fixed 

infrastructure have little impact on the immediate region, and can be 
dedicated exclusively to the mineral activity supported. Upon 
completion of the activity, be it exploration or small, high-grade 
mining, relatively little of the transportation investment is lost or
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sunk in costs for fixed facilities, and the impact on the region by 
virtue of abandonment of these transportation systems is generally 

negligible. The development of large-scale hard rock mines and their 
associated bulk transportation systems, however, have far reaching 
ramifications. A recent report summarizes the Canadian mining 
industry's impact on transportation in the north in these words:

"The mining industry north of 60° latitude contributes only 6 
percent of the value of national output, but it is of far greater 
significance and interest than this share indicates, for it represents 
the current geographical frontier of Canadian mineral exploitations. 
The hard rock mining industry remains the most important economic 
activity in the north, and has been the dominant influence on the 
region's transport network. Its need of low-cost bulk shipment 
capacity has been the sole originator of railway construction; its 
demands have been responsible for most of the highway system that has 
been constructed; and it has contributed in varying degrees, at 
different times and places, to the demand for air and water 
transport". (Wallace, 1977. P* 106)

The high capital cost and relative permanence of the roadbed and 
structures for rail car and truck transport needed to support large- 
scale mining are major factors in the expansion of frontier mining 

activity, which is dependent on decisions to augment the transporta

tion infrastructure. This is in marked contrast to mineral develop
ment in areas where a transportation network is in place, wherein the 
transport decisions involve primarily marginal additions to capacity, 
and the proportion of new construction in the form of branch lines or 

dock extensions is relatively small. Frontier railway and highway 
extensions almost invariably provide a much greater capacity than the 
mines initially supported, and generally have a useful lifespan 
greater than a single mine. Paradoxically it is this type of 
investment which makes possible the low shipping costs in which most
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frontier mining is dependent (Wallace, 1977, P* 106). Moreover, in 
addition to serving the mineral industry, these transportation 
extensions have other potentials, such as stimulating other economic 
activity in the region traversed, social impacts both beneficial or 

detrimental depending on the perspective of those impacted, and widely 
varying degrees of effects on the natural environment.

The ambiguity of the relationships between investment decisions 

for major transportation extensions and related mining activities in 
frontier regions is evidenced in Alaska by such controversial issues 

as the proposed Fairbanks-Nome Highway and the use of the Dalton 
Highway to Prudhoe Bay, and currently, the provision of transportation 
facilities for the Red Dog lead-zinc project northwest of Kotzebue. 

This study is an attempt to clarify some of these and other problems 
by placing them in the broader perspective of mineral development in 
the Circumpolar North.
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CHAPTER 2: THE NORTHLANDS AND THEIR RESOURCES

The Circumpolar North as a region is defined in parameters both 

physical and human. Cold climates, climate-related vegetation types, 
and the extent of permafrost, snow and ice cover are the major 
physical factors. Related in a large degree to the northern physical 
environment are socioeconomic factors such as low population density, 
sparse transportation networks, limited agricultural potential, and a 
limited degree of industrial development. These physical and human 
factors have been used collectively to determine geographic boundaries 

of the North in Canada, the Soviet Union, Scandinavia and Alaska by 
Hamelin (1978), Slavin (1972), Mead (197*0» and Pearson and Utterback 

(1982), respectively.
The area thus defined and its main physical features are shown in 

Figure 1. The North of the Soviet Union is 11,100,000 sq km 

(U,250,000 sq miles), 1*9 percent of that nation's area. The Canadian 
North comprises 7,100,000 sq km (2,750,000 sq miles), 77 percent of 
the nation. Scandinavia's Nordkalotten ("North Cap" region) covers

311,000 sq km (120,000 sq miles), about 28 percent of the total area 
of Norway, Sweden and Finland. The area defined as the Alaska North, 
which excludes the southeastern panhandle and the four boroughs in 

southcentral Alaska, is about 1,276,000 sq km (1*93,000 sq miles) in 

extent (Selkregg, 197^, p. 1 & 197)* This area comprises 83 percent 
of Alaska, but less than lU percent of the United States.

The lands within the Circumpolar North are about 15 percent of 

the land area of the world, yet the human population is under 9

19
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million, about 0.3 percent of the world population (Armstrong, et.al, 
1978, p. 2). The outstanding structural feature of the northlands is 

the presence of the platforms or shields of ancient crystalline rock, 

the Canadian and Fenno-Scandian shields and the Central Siberian 
Plateau. The land surface of these shields has been eroded by ice 
sheets, resulting in rocky surfaces or thin sedimentary deposits, 

elevated heights of 900-1 ,1 0 0 m (3 ,000-3,500 ft) and escarpments or 
low-ridged mountains on up-tilted edges. Surrounding the shields are 
plains and plateaus up to 300-600 m (1 ,000-2,000 ft) in elevation, 
consisting of sedimentary deposits. The great rivers originating in 
the uplands to the south and emptying into the Arctic Ocean flow 

through these plains over a shallow gradient. Beyond the submerged 
edges of the shields are extensive mountainous areas, with peaks as 
high as U,500-6,000 m (15,000-20,000 ft), however the greater part of 
these mountains is below 3,000 m (10,000 ft) and the Ural Mountains, 
which form the traditional division between Europe and Asia, are worn 

down lower yet (Mackay, 1955» P* 11-31)*
The climate of the northlands is a function of both latitude and 

altitude, and is influenced by the proximity of ocean. Climatic zones 
are largely reflected by the vegetation pattern. The major climatic 
classifications are subarctic, associated with the boreal forest 

region, and arctic (including alpine) generally relating to the tree
less tundra and high mountains. Winters are long and cold throughout, 
with minimum temperatures ranging from -68°C (-90°F) in the subarctic 
interior of Siberia to -1*5°C (-50°F) in the arctic coastal regions.
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Summer temperatures vary considerably, the coastal arctic and high 
altitude regions having not more than one month of the year averaging 

10°C (50°F) or higher, while the interior land masses have longer 

summers when temperatures may reach above 32°C (90°F). Summer condi
tions rather than severe winters limit the growth of trees. The winds 
and long duration of winter render the arctic region more unhospitable 
to man than the subarctic despite the latter's lower extremes of 

temperature (Hare, 1955, P* 70-80).
Although precipitation is moderate to low throughout most of the 

northlands, snow cover persists from three months in the southerly 
ports to year-round in the high mountains and ice fields. Waterways 
are ice-bound from eight to eleven months of the year in most of the 

region. The presence and extent of permafrost is related to the mean 
annual temperature (MAT) to a considerable degree. The MAT throughout 

most of the area of continuous permafrost is -7°C (20°F) or lower, and 
ranges to a few degrees below freezing at the southern limits of the 
discontinuous zone. Ice-bound permafrost prevents soil drainage 
during the summer, resulting in extensive areas of bog and standing 
water. Excavation and construction in areas of ice-rich permafrost 

present serious engineering problems due to the loss of bearing 

strength and subsidence of the material upon thawing (Sater, et.al., 

1971, P* 167-75; Pewe, 1966, p. 1-1+0).
RENEWABLE RESOURCES

The primary renewable resources of the northlands are the animal 

life, forests, arable land and running water. Figure 2 shows the
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distribution of forests, approximate limits of feasible field agri

culture, and the major rivers in the Circumpolar North.

Fish and Mammals. The biological productivity of northern ocean 
waters is extensive due to the plentiful supply of small plant and 
animal life (plankton), which is the base of the food chain for a 
variety of marine animals. The major useful fisheries include cod, 

arctic char, halibut, salmon, capelin, rosefish and the Greenland 
shark. The important marine mammals are a variety of seals (including 
fur seals), walrus, sea otter and several species of whales. The 

economic pursuit of marine fish and mammals provided the motive for 
European settlement along northern sea coasts. Inland, the animal life 

of most importance to man includes freshwater fish, large ungulates 
and fur-bearing mammals. Northern rivers and lakes harbor salmon 
(seasonally in rivers), pike, burbot and whitefish, plus other species 

of lesser importance (Haden-Guest, 1955» P* 212-15).
The habitats of fur-bearing animals are distributed widely 

throughout the northlands. In the subarctic the most prevalent 
commercial species are beaver, muskrat, mink, colored fox, marten, 

weasel, lynx, wolf, coyote, land otter, wolverine, squirrel, hare and 
marmot. In the arctic tundra the arctic fox is the most abundant com
mercially valuable fur species, although the population is subject to 
extreme cyclical fluctuations. Other commercial species are wolf, 
ermine, wolverine and arctic hare (Ibid., p. 216-20). These fur- 
bearers provided the impetus for early inland penetration and settle

ment in the North by Europeans.
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The principal ungulates inhabiting the region are reindeer (and 
caribou, a North American subspecies), moose, smaller deer species, 
Dali sheep, and mountain goats. Of these, the first two are the most 
significant. Reindeer and moose provided subsistence for the 
aboriginal dwellers of the tundra and forest, respectively.

Reindeer were domesticated by the Lapps in northern Europe 

probably a thousand years ago, and were introduced into Alaska, Green
land and Siberia toward the end of the 19th century, and somewhat 
later in Canada (Ibid., p. 225). By the 1970s domestic reindeer 
populations stood at 2.2 million in the Soviet Union, a little over
676,000 in Scandinavia including Greenland and Svalbard, around 25,000 
in Alaska and less than 10,000 in Canada (Armstrong, et. al., 1978, p. 

U0; Reimers, et.al., 1979, P* 76U-775)*
Forests. The boreal forest, a belt of predominantly coniferous 

species, girdles the land masses of the northern hemisphere in the 

subarctic zone. Up to 1500 km (900 miles) in width, it occupies 
nearly half of the area of Canada and the U.S.S.R. and most of Sweden 
and Finland. It is by far the most significant vegetational feature 

of the northlands (Hayden-Guest, 1955) P* 220).
The primary coniferous species are spruce, pine, fir and larch. 

The larch, a deciduous conifer, is the dominant species in the 
Eurasian North east of the Yenisey River. Hardwoods found in the 
boreal forest include birch, aspen, poplar, beech, linden, maple and 
oak. The southern fringe of the boreal forest merges with broad-leaf 
and mixed coniferous broadleaf forests and grades into grasslands or
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desert in Asia. Northward and toward the cold maritime areas, the 
trees of the boreal forest thin out and decrease in size as the length 
and temperatures of the growing season decreases. The transition from 
forest to tundra is not a sharp demarcation, but rather an inter
mingling of tundra vegetation and stands of hardy scrub trees. Stands 
of larger trees are found along streams and rivers extending well into 
arctic and alpine tundra areas. The boreal forest of both hemispheres 
are a major source of saw timber for lumber, plywood and veneer, and 
pulp for newsprint and other wood products. The northern transitional 

forest and the forests of Siberia east of the Lena River are less 
valuable because of the lesser density and size of trees, and remote

ness (Ibid., p. 220-2U).
Agricultural Land. The practical northward extent of large-scale 

field agriculture is generally confined to the subarctic region by 
climatic and soil conditions. Increased commercial production has 
been facilitated by the development of hardy crop varieties and treat
ment of the acidic subarctic soils with lime and fertilizers. The 
better-drained forested valleys of the subarctic are the most favor
able areas for field agriculture, although requiring a considerable 
expenditure of labor and energy for clearing and field preparation. 

Horticulture, however, is possible anywhere in the North with heated 

greenhouses. The northern transitional forest and the tundra can sup
port a variety of livestock, including reindeer, muskox, sheep and 
goats. Cattle ranching is practicable in pasture land won from the 
boreal forest, and in natural grasslands extending into the northlands
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in western Canada, the southern Urals and southern Siberia (ibid., p. 

228-31)* Except for reindeer husbandry, agriculture generally 
followed settlement in the North, rather than preceding it as in the 

case of commercial fishing, whaling and fur trading. Vegetables and 
hay were cultivated in a number of these early communities and local 
game and fish supplemented the diet, but the supply of grain and other 

foodstuff was a significant element in the logistical support of white 
settlements. In most areas of the North, the growth of the white 
population continues to exceed the expansion of northern agriculture 

(Bone, 1962, p. 188-191 & 289-290; Sugden, 1982, p. 20^-205)*
Hydropower Potential. The kinetic energy available from running 

water is a function of the volume of flow and the head, or vertical 
distance of fall. The energy available from rivers in the northlands 

is of enormous magnitude, although the practicality and cost of 
harnessing this source of power varies greatly throughout the region 
(Table 2). The majority of the large rivers in the Circumpolar North 

flow through Siberia to the Arctic Ocean, with a potential hydropower 
capacity much larger than that of the comparable region in North 
America. The great hydropower potential in the relatively small area 
of Scandinavia is due to the abundance of precipitation and the 

mountainous topography, especially in Sweden and Norway.
The most favorable hydropower sites are natural waterfalls, which 

are numerous in Norway and Sweden, and to a lesser extent around the 
periphery of the Canadian Shield, in the Coast Range of Alaska and 
British Columbia, and in the Urals of the Soviet Union. The large
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Table 2

Potential Hydropower in the North

AREA AVAILABLE CAPACITY
(I06kw)

Alaska (less S.E.) 15*3
Canadian North 3̂ *7
Scandinavia3-

Norway l6.̂
Sweden 20.2

Finland 3.6
Soviet North

Europe 8.̂

Asia 78.9
TOTAL 177.5

Source:
Alaska Power Survey, Future Alaska Power Supplies, May 197^«
Mead, W.R., An Economic Geography of the Scandinavian 

States and Finland, University of London Press, London, 1968.
Nesteruk, F. Ya., Development of Hydropower Engineering in the 

USSR, Izdatel'stvo Akademii Navk, Moskva, 1963 (Transl. Israel 
Program for Scientific Translations, Jerusalem, 1966).

Van der Leeden, Fritz, Water Resources of the World, Water 
Information Center, Port Washington, N.Y., 1975*

Water Resources Branch, Water Powers of Canada, Dept, of Northern 
Affairs and National Resources, Ottawa, 1958.
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northern rivers in both hemispheres, though having ample volumes of 
water, are subject to small head, seasonal variability of flow, ice in 
winter, navigation in summer, and remoteness from large demand 

centers. Technological developments in turbines, dams, underground 
installations and high-voltage D.C. transmission over long distances 
can and do overcome these limitations, although at a cost (Nesteruk, 

1963, p. 250-257; Mead, 1968a, p. 197-8)).
NONRENEWABLE RESOURCES

Geological Environment. The structural evolution of the earth's 
crust resulting from plutonism, volcanism, deformation erosion and 

deposition from various tectonic processes have controlled not only 
the physiognoiqy of the northlands described briefly in Chapter 1, but 
also the distribution and extent of economic mineral deposits. The 
major structural features, metallic mineral patterns, hydrocarbon 

basins and coal-bearing areas are presented in two separate maps of 

the northern regions, Eurasian and North American (Figures 3 and U).
The structural base of the circumpolar regions consists of Pre- 

cambrian shield areas rimmed by ancient continental platforms

* The description of the tectonic and geologic structures of the 
circumpolar north is derived from the following sources:

Mel lor, Geography of the USSR, pp. H-8 ; Navin et. al, Ocean 
Basins and Margins, Vol. 5> The Arctic Ocean; Canadian Institute of 
Mining and Metallurgy, Tectonic History and Mineral Deposits of the 
Western Cordillera; Alaskan Geological Society, Relationship of Plate 
Tectonics to Alaskan Geology and Resources Symposium Proceedings; 
Ministry of Geology USSR, Tektonickeskayo Karta Arktiki ji Antarktiki; 
Haltedohl, Geology of Norway, pp. 1-lr; Atlas SSSR, p. 7^-75; National 
Atlas of Canada, pp. 29-30; Zonenshain et.al., "Mesozoic structural 
magmatic pattern and metallogeny of the Western Pacific Belt", Earth 
Planetary Science Letters, V. 22, pp. 96-109*
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surrounding the Arctic Ocean floor. In Eurasia the East European 
Platform extends from the Ural Mountains westward to the North 
Atlantic Ocean. It is overlain hy younger Paleozoic and Mesozoic 

sedimentary deposits forming the East European Plain and the Moscow 
Basin, and exposed as the Precambrian Baltic Shield in northwest 
Russia and southern Norway. The shield is bounded on the west by the 
Paleozoic Caledonian fold belt. Farther east lies the Siberian Plat
form, a huge miogeosynclinal water depositional center cored by Pre

cambrian rocks and flanked by a succession of Paleozoic and Mesozoic 
shallow water deposits similar to units making up the Mackenzie Plat
form in Canada. Most of these rocks are deeply buried under sedi
mentary deposits of the West Siberian Lowland and the Central Siberian 
Plateau. Exposure on the eastern flank forms the Anabar Shield toward 
the northeast and the Aldan Shield in the southeast. Between these 
two continental terrances is a north-south trending Precambrian Upper 
Paleozoic fold belt forming the Ural Mountains and the island of 
Novaya Zemlya.

Between the Siberian Platform and the Pacific Ocean is a 
tectonically diverse region consisting of Mesozoic and Cenozoic geo
synclinal fold systems, Precambrian massifs and continental margin 
volcanic belts. The Mesozoic geosynclinal fold systems and volcanic 
belts in the northeastern extremity of the Soviet Union are an 
extension of the North American Plate into the northeast Asian land 
mass (Arbenz, 1977> P* 6) They continue eastward into Alaska as a
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gigantic orocline around the northern periphery of the Pacific Plate 

(Kosygin and Parfenov, 1981, p. ^03-^05)- The most obvious feature is 
the series of seismically active volcanic arcs extending from 

Kamchatka through the Aleutians into the Alaska Peninsula.
In North America, geology is similar to that of the Soviet Union, 

with a Precambrian shield area rimmed by late Precambrian through 
Mesozoic strata. Distinct fold belts form the continental extremity 
of the Cordillera, lying approximately east-west in Alaska between the 
Pacific Ocean and the Arctic Coastal Plain, and extending south

easterly in western Canada. Portions of these rock belts have been 

stretched out by stike-slip faulting and "terrane" displacement along 
the western boundary of North America including Alaska. Although the 
width varies, averaging about 800 km (500 miles) in Canada and wider 

in western Alaska, the cross-section of the fold belt in Alaska and 

Canada is similar, and zones of like rocks and structures extend 
longitudinally throughout the whole segment. The major mountain 
chains evolved from the miogeo sync line on the continental side of the 

Cordillera (Rocky Mountain system) and from the eugeosyncline on the 
ocean side (Coastal Mountain system). The Alaskan extensions are the 

Brooks Range on the north and the Alaska Range, together with shorter 
mountain ranges and coastal islands, on the south. Zones of volcanic 

rocks and granitic intrusives are prevalent in the eugeosynclinal 
area, and to a much lesser extent in the miogeosyncline. Between 
these geosynclinal areas are extensive metamorphic complexes and a 

number of basins of Tertiary and later age.
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Several major right lateral transcurrent faults and numerous 

lesser fault zones formterrane boundaries between often unrelated 
strata, particularly in Alaska and British Columbia. In general, 
these "terranes" successively become younger toward the coastline. 
However, exceptions include anomalously old rocks in Alaska's south

eastern "panhandle" and those in western and southeastern Alaska which 
are outboard from younger orogenic sequences. The geological com
munity is currently debating the origins of these "tectono-strati- 
graphic terranees" in the Cordillera.

The North American Platform faces the two Eurasian platforms 
across the Arctic Ocean Basin, underlying the Chukotka Peninsula, 

northern Alaska, Canada and Greenland. The Precambrian crustal rock 
forms the Canadian Shield of central and eastern Canada from the Great 

Lakes to about 68° N latitude, and the southern and western parts of 
Greenland. Between the Cordillera and the Canadian Shield a thick 

layer of sedimentary rock overlies the continental plate, forming the 
Interior Plains region. Sedimentary deposits extend along the 

Canadian and Alaskan Arctic Coastal Plain and on the Arctic islands 

immediately north of the shield. Foldbelts around the periphery of 
the North American Platform are located in the northern Arctic 
Islands, the northern and northeastern segments of Greenland, and the 
northeastern extension of the Appalachians, as well as the Cordillera.

Mineral Patterns. The useful minerals described in Chapter 1 are 
widely distributed throughout the upper portion of the earth's crust, 
and a number exist in solution in sea water. To be economically
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extractable, however, they must he sufficiently concentrated at a 

depth within the capability of practical mining technology. A mineral 
concentration significantly higher than the average world-wide concen
tration at a particular geographic location is termed a deposit. The 
proportion of the useful mineral in the material constituting the 
deposit is the grade. If the deposit has a high enough grade to 
warrant its exploitation economically it is termed an ore body, and 

the amount of economically extractible mineral is the ore reserve.
Mineral deposits are produced by a number of tectonic, 

geological, and biogeological processes. Consequently, the pattern of 

the distribution of mineral deposits is a reflection of the pattern of 
mineral-forming activities. A wide variety of ferrous, base and 
precious metal deposits are found in zones of intensive activity 
between tectonic plates which have produced major mountain chains, 
along fracture in the ocean floor (e.g. manganese nodules) and in 

areas of faulting, rifting, volcanism, and local magmatic activity 
(mantle "hot spots") within plates.

Strategic metals, like platinum, cobalt, manganese and nickel 
almost exclusively occur in rocks of ultramafic composition, i.e., 
igneous rocks with a high iron and magnesium content, which were 

formed under high temperatures and pressure deep within the crust. 
Such rock belts are often prospected exclusively for strategic 
minerals. Other deposits result from more passive sedimentary 
processes, such as lead-zinc sulphides along basin margins, uranium in 

sandstones, and banded iron formations in rift zones. Gas, oil, and

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



33

ftcoal are products of sedimentary formations in basins and troughs. 

The more prominent areas of presently known mineral deposition in the 
northland are shown in Figures 3 and U. The distribution of these 
mineral areas throughout the region from south to north is in marked 
contrast to the east-west trending commercial forestry and 
agricultural zones shown in Figure 2.

A general discussion of the formation and distribution of mineral 
deposits is found in Dixon, Atlas of Economic Mineral Deposits. More 
detailed treatment is presented in Smirnov, Geology of Mineral 
Deposits and in Mitchell & Garson, Mineral Deposits and Tectonic 
Settings.
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CHAPTER 3: THE COURSE OF NORTHERN DEVELOPMENT THROUGH WORLD WAR II

The development of the Circumpolar North, in the context of this 

study, began with the entry of individuals or groups of a more 
southerly cultural heritage than that of the aboriginal inhabitants. 
The earliest major incursions were those of the Scandinavian Vikings 
during the period A.D. 800-1050. During this time they established a 

commercial state southeast of the Gulf of Finland in Novgorod, 
oriented toward northwest Russia as well as toward the East; occupied 
the Lapp-inhabited northern rim of Scandinavia, the Kola Peninsula and 
lands bordering the White Sea; founded colonies in Iceland and Green
land; and attempted a foothold in North America (Sawyer, 19^2; 

Oxenstierna, 1959)* The Danes and Norwegians exploited the resources 
of the northern coastal waters, and to the east the Swedes exchanged 
Swedish weapons and furs from Finland and northwest Russia for the 

riches of the Orient.
THE SCANDINAVIAN NORTH

The northern regions of present Scandinavia (Figure 5) have been 

titled collectively "Nordkalotten" or "Northern Cap" (Mead, 197*+, P* 
7-8). By the lUth century northern Norway had a substantial Norwegian 
population extending along the ice-free coast as far as Vard</, 

supported by the rich coastal fisheries. The Swedes extended mining, 
forestry and agriculture northward, until a land-use conflict with the 
reindeer-herding Lapps resulted in the establishment of a Lapp 

regional boundary and settlement restrictions in 1867 (Mead, 1968, P* 
137)* Settlement in Finland lagged behind the other Scandinavian

3U
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countries, but the push northward during the l8th and 19th centuries 

was vigorous, and has been compared to the American westward movement

(Smeds, 1968, p. 167).
Common, competing, and at times, conflicting interests between 

the Scandinavians and the Russians as well as among the Scandinavians 
themselves, preceded the establishment of national boundaries in 
Nordkalotten. Norway, under a common monarchy with Denmark, 

arbitrated a boundary with Sweden in 1751* In 1809, when Finland was 
ceded to Russia by Sweden, the northeastern section of this line 
became the Norway-Finland boundary. In l8lU, Norway was released from 
Denmark, became a constitutional monarchy, and entered a union with 
Sweden. In 1826 a treaty between Sweden-Norway and Russia established 

a definite boundary between Norway and Russia, blocking Finland from 
the Arctic coast. Norway gained independence by an amicable separa
tion from Sweden in 1905, and Finland declared independence from 
Russia under more turbulent circumstances in 1917* After three years 
of conflict, during which Finland had designs on not only an Arctic 

exit but the entire Kola Peninsula in northwest Russia, the newly 
established Soviet government ceded the Petsamo corridor to Finland 

(Malmstrom, 1965* P* Kirby, 1976, p. 2^8-251).
By early 19th century, the pattern of settlement in Nordkalotten 

was based primarily on fisheries and trade ports along the sea coast, 
and on timber, fur and reindeer in the hinterlands. Some mineral 
production existed, mainly copper and iron ore, but the output at that 
time was small in comparison with the production of the renewable
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resources. Coastal and inland waterways provided the most important 
transportation links.

With the advent of technology in the 19th century, notably steam 
power and locomotion, ferrous metallurgy and electricity, the means 
for order-of-magnitude increases in the productivity of northern 
resources became available. The expansion of world trade and the 
growth of the world market offered opportunities for economies of 
scale which could justify the utilization of this technology by 

smaller countries with only limited domestic markets (Hodne, 1975> P* 
33). In north Norway, the fish catch expanded dramatically during the 
century, and the productivity of whaling increased significantly with 
the invention of the gun-launched exploding harpoon by the Norwegian 

Svend Foyn in 1870 (Ibid., p. 92). Population in the northern 
provinces of Norway increased faster than the rest of the country 

during this period. In 1872 the central government initiated steam
ship service to connect the main towns, extending northward to 
Hammerfest by 1838. During the second half of the century, direct 
government operation included semi-public steamship service for local 

traffic. Thus the isolated fjord country was opened up for a modern 
market economy (Ibid., p. 203-6).

The rising timber demand in Europe in the 19th century resulted 
in the exploitation of the large interior forests of Nordkalotten. 
The industrialization of Scandinavia began with the introduction of 
the steam sawmill and the railroad in mid-19th century to meet this 

export demand (S<^mme, 1968, p. 316; Hodne, 1975> P* 50). The steam

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



38

sawmill eliminated dependency on waterfalls and water flow uninhibited 
by ice, permitting more economically favorable mill locations at the 
mouths of rivers on the coast. The lack of coal in Scandinavia was 
overcome initially by importing it as backhaul on the lumber vessels. 
Norway led off with a spectacular increase in lumber exports from the 
higher productive forests in the southeastern part of the country.

Although forestry development was insignificant in the rugged 
terrain of the Norwegian North, Sweden expanded her forest industry 
northward with the technological revolution, surpassing Norway's pro

duction in the l8?0's. By 1912 the northern counties of Norrbotten 

and Vasterbotten were producing from watersheds of the rivers flowing 
into the Gulf of Bothnia nearly 15 percent of sawn and planed lumber 

in Sweden (Guinchard, 191*+, P* 187-196). Finland followed about 10 
years behind Sweden and Norway, but forest products continued to 

provide the main bulk of Finland's exports in 1937 (Wuorinen, 1965, P* 
272-3). The increasing demand for paper in Europe created a market 
for wood pulp from Scandinavian forests. The development of hydro
electric power plants permitted the extension of pulp mills into 

northern Sweden and Finland in the early part of the 20th century, 
adjacent to hitherto uneconomical forest areas.

Historically, the governments in Scandinavia have been paternal

istic, maintaining ownership or control of primary resources and 
guiding the foundation of many industrial establishments (Scott, 1975, 
p. 57). During the 19th century, the Swedish and Norwegian 
governments (and to a lesser extent, Finland as a grand-duchy of
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Russia) invested in infrastructures, encouraged the infusion of 
foreign capital, initiated legal and socioeconomic reforms to enhance 

economic development, and frequently engaged in joint ventures with 
foreign and domestic firms.

In Norway during this period, social overhead investments, which 
included education and health services, revolutionized government 

finances (Hodne, 1975, P* 251)* These expenditures shot up from 12 
percent to 25 percent of the total treasury outlays in 1850, and 
reached Uo percent during the l870's. Government initiative in the 
field of transportation was a central contributor to economic growth 

by providing the means to reduce transportation costs and therefore 
inducing private investment in areas and in resources which had no 
prior market values. The level of construction of Norwegian railways 

in this period was governed by the amount of revenues derived from 
foreign trade, i.e. customs, revenues, and the foreign loan market 
(Ibid., p. 216 & 2U8). The expansion of the timber market provided 
the incentive for the introduction of the steam railway in Norway. 
The first line was built in 1851-1851* by an English firm, for timber 

transport to Oslo, a 68-km (50-mile) line (Hovedbanen), financed by 
British and Norwegian private capital and government funding. During 
the remainder of the century, expansion of the Norwegian state railway 
system occurred primarily east of the mountains between Oslo and 
Trondheim with lateral lines to Sweden. The trans-mountain line from 

Oslo to Bergen was not completed until 1909 (ibid.; Somme, 1968). The 
first railway in north Norway was part of a Swedish mineral develop-
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rnent, and the central Norwegian rail network did not extend to 
Nordkalotten prior to World War II.

The Swedish railway system began as an outgrowth of horse-drawn 
tramways in the central iron-mining district of Bergslagen. The first 

steam train ran on an industrial line in this area in 1855* At this 
time, the national railway plan, devised by Nils Ericson envisioned a 
network of state trunk lines with privately constructed branch lines. 
The trunk lines were established for national rather than economic 

needs, purposely running through less populated areas to encourage 
settlement and development. Private railroads were generally 
complementary to the state system rather than competitive. Ericson 
has been given credit for a large part in the creation of the basic 
infrastructure for the development of the Swedish economy (Samuelsson, 

1968, p. 160-162). Expansion of both state and private lines was 

rapid in the l8T0's and 80's. A trunk line toward the Arctic was 
included in the original plan, which was routed some 50km (30m) inland 
from the coast towns on the Gulf of Bothnia, which were connected by 

feeder lines (Mead, 1968, p. 223).
The first railroad in Nordkalotten was established to serve a 

major mineral development in northern Sweden, which in turn was made 
possible by a major technological innovation. The existence of rich 
iron ore deposits in this area has been known since the 17th century, 
but their remoteness and high phosphorous content precluded economic 
development on a large scale. The discovery of the Thomas-Gilchrist 

process in England in 1876, in which limestone is used in the smelting
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furnace to combine chemically with the phosphorous in the ore, offered 
a viable solution to the reduction problem. A railroad was con
structed from Luled on the Gulf of Bothnia to GHllivare in 1888, with 
private Swedish and British capital, and two years later mining at the 
latter location was underway. The railroad was extended northward to 
Kiruna, where mining commenced in 1900. At this time, national con
cern over potential foreign domination led to involvement of the 

Swedish government, which purchased 50 percent of the shares of the 

mining company, Luassavaara-Kirunavaara Aktiebolag (LKAB), with 
option to buy the remainder. The government also bought up the Luled- 
Kiruna railway, and together with the Norwegian government, extended 

it to the Norwegian port of Narvik in 1903* The port, established in 
1902, was essentially a Swedish town on Norwegian soil. This rail 
connection permitted year-round delivery of iron ore to world markets, 
with the heaviest traffic in winter when the harbor at Lule& is ice

bound (Hilton, 1971, P« ^6-52). Hodne (1975) states that the 
Norwegian section of the Kiruna-Narvik line, which yielded 10-15 

percent rate of return on capital investment almost from the begin
ning, "easily ranks as the best railway decision in the history of 

Norwegian railways" (p. 306).
Strategic concerns also influenced the configuration of Sweden's 

northern rail system. The presence of Finland as an outpost of 

Imperial Russia led to the extension of the Swedish coastal line to 
Boden on the Lule&-G&llivare line in 189^, and the establishment there 
of a major military garrison. In 1913 the coastal line was further
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extended to the Finnish border at Haparanda on the Torne river at the 
head of the Gulf of Bothnia. Following World War I the railhead was 

pushed northward up to Torne valley to Karungi, oriented toward the 
Finnish speaking community of that area. A parallel Finnish line was 

built on the west bank (Mead, 1971+, P» 30-31). A second north-south 
line in the interior, joining the Luled-Narvik line at G&llivare was 

completed in 1937 (Fullerton & Williams, 1972, p. 227, cited in Rea, 

1976).
Finland's railway age began somewhat later than that of her 

sister countries, beginning in 1862 with a line from Helsinki 108km 
(65m) northward to HSmeenlinna, connecting the great timber-floating 

system of lakes and rivers with shipping on the Gulf of Finland. 

Finnish policy to establish a network inland to link the timber float
way s with ocean ports was pushed in the following years. As a Grand 
Duchy of Russia, priority had to be given to routes supporting Russian 
military requirements. The southern network was extended in 1867-70 

by way of Viipuri to St. Petersburg (now Leningrad) to provide rapid 
transportation of troops and military cargo to Helsinki, and in the 
early part of the present century a direct route from St. Petersburg 

to Vasa on the Gulf of Bothnia was ordered.

Meanwhile the northern extremity of the Finnish rail system had 
reached Tornio on the Swedish border. Under Russian supervision, the 
Russian broad gauge, I.52U m (5*0 ft), was used throughout Finland 

(and still is). This precluded direct interconnection with the 
Swedish standard gauge system, l.l+35m (*+ ft 8 1/2 in.), although a
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connecting link across the Torne river was built in 1913 as a joint 

Swede-Finn effort. Prior to World War II the rail system extended as 

far as KemijSrvi in central Lapland from Kerni on the Gulf of Bothnia, 
and from Tornio northward to Kauliranta. The northern rail system 

carries mostly timber and wood products (Platt, 1955j P- 258-261).
The application of hydraulic power to the dynamo for the genera

tion of electricity enabled the greater part of Scandinavia to escape 
from its steam-fuel deficiency in the 20th century. By the turn of 

the century, Norway and Sweden had begun to provide lighting and to 
power machinery, including railway locomotives, with hydroelectricity. 
These innovations were followed by a proliferation of electrochemical 
and electrometallurgical industries. This resulted in the 
establishment of new metallurgical centers and concentrations of 
metal-working industries, and a northward migration of the center of 

gravity of large-scale mining (Mead, 1968, p. 113).
In northern Norway, deposits of low-grade iron ore and pyrite 

became economically viable with the introduction of electrical separa

tion techniques and the establishment of government hydroelectric 

power sources near the deposits. Reduction of freight in the form of 
fossil fuel, and the proximity of ice-free waters contributed to the 
economic value of resources heretofore worthless. A large mining 

venture, A/S Sydvaranger, with Swedish and German capital began mining 
the iron ore deposits south of Kirkenes in eastern Finnmark in 1906. 

A concentrator and port facilities were constructed in Kirkenes by the 
company with a connecting railway to the mine site. It soon became

U3
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the biggest mine in Norway. A Swedish company began mining cupri
ferous pyrites at Sulitjelma in Nordland in l88T» using a road to 

carry the ore to the coastal port of Finneid. In 1889 the company 
built a narrow gauge (0«75m; 2.U6ft) railway. In 1906 the Swedish- 
developed Elmore electrical flotation process was introduced and by 
1909 the company became the second largest corporate employer. In 

1902 a British owned firm, Dunderland Iron Ore Company, built a 30-km 
(17 mile) narrow gauge railway from a phosphoric iron deposit at Rana 
in Nordland to the seaboard at Mo for export of iron ore to steel 
mills in England. The mine was developed but operation was inter

mittent, and finally the company's holdings were sold to Norwegian 

interests in 19^8. (Hodne, 1975* P* 301-30^; Douglas, 1972, p. k^-6) 
The abundance of hydroelectric potential in northern Sweden made 

possible the use of electricity for the Nordbotten mining industry and 
its associated transportation. The first electrified railway in 

Sweden was the heavy—traffic uphill segment of the Luled-Narvik line 

between Kiruna and the Norwegian border, completed by 1915* Power was 
supplied from a state-sponsored hydroelectric plant on the upper Lule 

river. During 1920-1923 the entire line was electrified (Guinchard, 

1911+, Vol. II, p. 619-621; Mead, 1971*, P« H)»
These enterprises required massive capital investments, in 

contrast to earlier minimum thresholds for development. Much of the 
capital was supplied from abroad and the products shipped to foreign 
markets, hence the mine-rai1-port systems tended to became enclaves in 

northern Norway. In Sweden toward the end of the 19th century, a

l+u
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national concern arose over the prospect of foreign domination of 
resource production. This was manifested in the government's decision 
to take over the railroad serving the Norrhotten iron fields, and 

enter into ownership of the services, as described above. State 
ownership in northern Sweden was later extended to major ports of the 
forestry and electrical power industries (Rea, 1976, p. 19l)- 
Similarly, a wave of nationalism swept Norway after 1905* Disposition 
of resources was governed by concession laws which specified duration 
of concession period, reversion of power plants to government, loca

tion of the company, Norwegian labor, and lease fees. The state also 
bought waterfalls to compete with private power industries (Hodne, 

1975, p. 311-15)-
On the outbreak of World War I, Sweden and Norway declared 

neutrality. Reduction in foreign trade resulted in a decline in the 

economy of both countries. Finland emerged as a republic after three 
years of civil war. The post-war depression years saw an increase in 
government involvement in industry varying from supervision measures 

to buying ownership, consolidation to improve efficiency, more proces
sing of raw materials, and the development of improved technological 

methods.
In Norway, the depression years of the 1930's brought permanent 

government control of the national economy. Large monopolist or 
oligarchist enterprises with public supervision evolved. Exploitation 
of large, low-grade iron ore and pyrite deposits, and of hydropower 
resources continued. The invention of the Stfdeberg electrode for
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continuous electrolytic smelting by the Norwegian firm Christiana 
Spigerverk permitted the establishment of large-scale metallurgical 
plants, using imported capital, Norwegian labor and power from state- 
hydroplants. In north Norway production from the Kirkenes iron mines 
was increased after 1935 when market conditions in England and Germany 

improved (ibid., p. 397-^310«
In 19^0 the Swedish government established a pig-iron and steel 

works at Lule£ to process some of the iron ore produced at the 
Norrbotten mines. Sweden expanded hydroelectricity production and 
developed high voltage technology to transmit electrical power over 
long distances. In 1936, the first 200 kilovolt transmission line 

from Norrland's power plants and central Sweden was completed (S^mme, 

1968, p. 339).
In the far north of Finland, extensive deposits of nickel were 

discovered in the 1920's in the Petsamo district. Following the 

completion of the Arctic Highway to Petsamo, the deposit was developed 
from 1935 onwards by Canadian Nickel Mond. The mine and smelter were 
in operation at the outbreak of the Russo-Finnish War in 1939 (Mead, 
1968, p. 26U). Road construction was pushed, and during the interwar 
years truck transportation began to compete with rail, and roads 

became important links between communities previously dependent on 

_ more primitive communication.
In Finland road building was taken over by the state in 1921, and 

extension of roads to the north was a high priority. The terms of the 
Treaty of Tartu between Finland and Russia, 1920, stated the intention
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of Finland to build a railroad north to Petsamo to provide a link to 
the Arctic Ocean. Although a railroad was not forthcoming, the Great 

Arctic Highway (531 km; 330 miles) from Rovaniemi to the Arctic port 
of Liinahamari, begun in 1916, was completed in the following decade. 
Other roads in the north were built on traditional Lapp trade routes 
such as the road up the Torne valley on the Swedish border to Muonio 

(Platt, 1955, P« 266-271; Hjelt, 1926, p. 365). Much of Norway's 
highway to Kirkenes in the Arctic was constructed during the interwar 
years. In Sweden, new roads tended to parallel rail routes, and in 

the north a number of permanent forest roads were built.
Railway construction continued in Norway and Finland, with the 

addition of new routes northward. In Norway, the Nordland Railway was 

started northward from Trondheim, intended to join the Dunderland Iron 
Ore Company line at Mo-i-Rana, and push north of the Arctic Circle 
(Douglas, 1972, p. 83-10. In Finland railway construction was 
vigorous, connecting inland population, timber and mining centers with 
the existing network. In the north, the Kemi-Rovaniemi line was 
extended north of the Arctic Circle to KemijMrvi by 1938 (Platt, 1955, 
p. 259-261). Sweden continued to electrify its main lines carrying 
the heaviest traffic and by I9IA the main Norrland line from Sundsvall 
to Boden was electrified, providing electric train travel over a more 

than 2,000 km (1,200 mi) route from southern Sweden to the Norwegian 

border on the Lule&-Narvik line (Mead, 1968, p. 225-6).

^7
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THE SOVIET NORTH
The development of the Soviet North began with the ingress of the 

Vikings in what is now northwestern Russia. During the 8th and 9th 

centuries, the Norwegians contacted the Kola Peninsula and the White 
Sea coast by way of the Arctic Ocean, while the Swedes penetrated 
inland from the Baltic. The latter established a trading center at 
Novgorod from whence explorers and traders penetrated the Finno-Ugrian 
territory known as Perm as far as the Urals by the early 11th century 

in search of furs, the major resource of the region. Novgorod and 
Perm remained untouched by the Mongol invasion of the 13th century, 
which subjugated the first Russian state of Kiev, and the net of fur- 

trading posts in the Perm region became an independent petty state. 
With the ascendancy of Moscow and the wane of Mongol domination of 

Russia, Novgorod lost its supremacy over the Perm fur region to Ivan 
III (the Great) in lVfO. The l6th century saw the final overthrow of 

the Mongol yoke by Ivan IV (the Terrible), and the water passages from 
the Urals to the Volga were opened from the Caspian to the White Sea.

A powerful and venturesome merchant family, the Stroganovs, took 
the lead in opening the newly won frontier areas, obtaining salt and 

iron mining concessions in the Perm region. They were permitted to 

establish.commercial colonies, became involved in the northern fur 
trade, and by mid-century, became the leading traders in the region 
west of the Urals. In 1581* the port town of Archangel (Arkhangelsk) 

was founded, and an English depot established for the export of furs. 
To meet the increased demand for furs, the Stroganovs began an
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expansion eastward to gain new fur territories. Ivan IV had given the 
Stroganovs concession rights in Siberia, and in 1579 the eastward 
conquest of this vast territory was begun by the Cossack leader 
Yermak.

This eastward advance was backed by Ivan IV, and after his death 
in 158U, by the regent Boris Godunov, who took the reins of government 
from the feeble-minded Fedor. The major river systems and the low 
portages separating their headwaters formed the inland corridors for 

this expansion, and the shallow coastal waters of the Arctic Ocean 
east of Arkhangelsk afforded additional routes. Under Godunov were 
developed the basic methods of advancing the frontier by dominating 
the vital river systems with the establishment of small fortresses 
(ostrogs) at the critical portages and river junctions, and strong 
points near enough to the native groups to prevent them from forming 
forces against the Russians. These locations, together with 
monastaries established by the Russian church, became sites for con
sequent settlement. By mid-17th century this process of exploration, 

conquest and settlement had progressed to the Pacific, and the basic 
pattern of settlement and transportation across Siberia had been 
established as shown in Figure 6 (See Armstrong, 1965; Fisher, 19^3; 

Kerner, 19^2; Vernadsky, 1969).
The development of industry and its demand for minerals, the 

search for precious metals, and the need to strengthen the empire 
overtook the fur trading in national importance. Metals and coal had 
been located in the Urals and in Siberia by early settlers, and the
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mining and smelting of copper and iron in this region began early in 

the 17th century (Vernadsky, 1968, p. 668-9)* At this time copper ore 
mined in the site of 20th century Noril'sk on the lower Yenisey River 

was transported more than 250 km (150 miles) to be smelted and fabri

cated at Mangazeia (Belov, 1977, P* 280-281).
The reign of Peter the Great (1689-1725) was a major stride in 

the modernization of Russia. He built and equipped a modern army and 
navy which enabled him to expand and consolidate a Russian Empire 

extending from the Baltic and Caspian Sea to the Pacific Ocean. To 
support his military forces and the domestic economy, he established 
an industrial base which did not rely on foreign labor or materials. 
His economic policy adopted the fundamentals of West European 
mercantilism, namely, domestic production of all national requirements 
independent of foreign input, and amassment of wealth by exporting as 

much and importing as little as possible (Kluchevsky, i960, V. U, p. 

108-9).
Peter held that Russia was superior to the rest of the world in 

undeveloped material resources, and that only the State could develop 

these resources properly. As a result of first-hand observation of 
industrial technology in Western Europe, he instituted geological 
surveys to identify areas of mineral potential, and imported European 
technological expertise to establish modern mines, metallurgical 
plants and factories. As well as establishing government-owned 
plants, Peter encouraged private industrial growth by direct sub

sidies, tax incentives, and use of essentially free (serf) labor

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



52

(Ibid., p. 109-12, 121-122).
The Urals region was Peter's great discovery. The iron work 

established in Perm along the west flank of the Urals in the early 

l8th century produced artillery, munitions and other equipment for the 

armed forces, and by 1718 the total production of 9 government and 12 

private iron and copper foundries in the region was about 108,000 t 

(121,500 st) of iron and 3000 t (3375 st) of copper (ibid., p. 122).
The stimulation of government activity eastward in response to 

this emphasis was initiated by Peter in 1700. He established a 

provincial government in Siberia, and actively promoted the develop
ment of mineral resources, trails and trade routes east of the Urals 

to offset declining fur resources. Toward the end of his reign, Peter 
launched the expedition under Vitus Bering which was to result in the 
discovery of Alaska and the extension of the Russian fur trade in 

North America (Harrison, p. 95-6, 113).
The river-and-portage routes sufficed for the fur trade and 

communication needs of the day, serving as winter routes on ice and 
well as small boat routes in summer. Heavy freight traffic was 
limited to the deeper stretches of the rivers, with the north-south 
orientation of the most navigable of Siberian rivers limiting their 

usefulness for east-west traffic. Early overland routes were 
established along water divides connecting the ostrogs and settlements 
at portages, and extending to major river intersections. Construction 
of canals to join major waterways and overland trunk roads was begun 
in the l8th century. In the northern region, a canal was built in the
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l880's, connecting the Ob and Yenisey rivers, north of Tomsk. Rail
roads, beginning in the l830’s, initially paralleled the waterways and 
subsequently expanded to link waterways. A gauge of 1.52^ m (5*0 ft) 

was eventually established as the standard gauge for Russian rail

roads.
The need of industry to secure minerals in the strategic Pacific 

region and other minerals in the east, the need to populate the vast 
expanse of Siberia, and the desire to join the empire influenced the 

decision to build the Trans-Siberian Railroad from Moscow 9311 km 

(5»787 miles) to Vladivostok (Sung-Huan Chiang, 197^» P* 30^-5)* 
Completed in the period from 1891 to 1916, this route lies to the 
south of the Soviet North but is significant as a trunk route opening 
up vast areas to exploration, settlement and industrialization along 
its corridor. The railroad served both the north-flowing waterways 

and overland feeder routes to the north as well as to the south 

(Kerner, 19^2, p. 99-100).
Gold mining began in the Yenisey and Lena valleys during the mid- 

l800's and led to further discoveries in the Aldan River valley 

southwest of Yakutsk. The Yenisey and the Aldan districts were 

eventually connected by road to the Trans-Siberian Railroad.
The first railroads built in the Soviet North, as defined in this 

study, were in the western extremity. The line connecting the port of 
Arkhangelsk to the Moscow-centered rail net was built as a narrow- 

gauge (O.762 1 ; 2 ft 6 in) line over difficult marsh terrain in 189^- 
1898. This line opened up timber resources for both domestic use and
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export. Farther east, the Perm-Kotlas line was built in 1899 just 
into the northern region, permitting the shipment of grain from 

Siberia to western Europe via the Northern Dvina River and the port of 
Arkhangel'sk, a rather uneconomic venture.

By World War I the significance of Murmansk as an ice-free port 
(due to the warm North Atlantic current) was recognized. A ll+50-krn 
(900-mile) railroad was constructed, in part by U.S. Army Engineers, 
linking this port with Leningrad and the main Russian rail system. It 

is the world's northernmost trunk railroad. The Arkhangel'sk line was 
converted to the standard Russian gauge in 1916, and both of these 
lines handled substantial military and civilian tonnages during the 

war.
After the 1917 Revolution and the establishment of the Soviet 

government in Moscow, the concept of central planning and economic 
control was instituted by Lenin. The first attempt at coordinated 
planning was the establishment in 1920 of the State Commission for the 
Electrification of Russia (G0ELR0). The goal of widespread electrifi

cation involved building 30 new power stations over 10-15 years which 

required a substantial increase in heavy and light industry and a 
general extension of the agricultural area and rail network. A year 

later a state planning commission (Gosplan) was established to develop 
a single, coordinated general plan for the economy, and the means for 

implementing it. This included preparation of a budget, and assessing 
banking and credit, foreign trade and location of industries (Munting, 

1982, p. U8).
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Industry, agriculture and trade continued to recover from the 
ravages of the war years, and hy 1926 the 1913 levels of output were 

re-achieved. After Lenins' death in 192^, a struggle for power 
between Stalin and Trotsky ensued. Trotsky, who espoused inter
national communism, lost out to Stalin and his policy of "Socialism in 

one country" (ibid., p. 63). Stalin echoed the precepts of Peter the 
Great in his address to the lUth Party Congress in December 1925: "The 
very essence and foundation of our policy is the transformation of our 
land from an agricultural to an industrial economy which will be 

capable of creating its own instruments of production" (Hoetzch, 1966, 
p. 193). In this way, economic independence, military power, and the 

defense of the U.S.S.R. were to be assured.
In 1928, under Stalin, comprehensive national planning was 

formalized, and the system of Five Year Plans was initiated. Emphasis 
was placed on the development of heavy industry and defense production 

over agriculture and consumer-oriented industry, on economic self
sufficiency, and on a preference for rail transportation (Gregory and 

Stewart, 197^, p* 80-82). Roads and automobiles were deliberately 
restricted to avoid diversion of resources from the major objectives 

(Hunter, 1969» P* ^9)* Expansion of the pre-Soviet transportation 
system into Siberia and the North was continued to support resource 
exploitation, primarily minerals and timber.

Rich deposits of nickel-copper ores and coal discovered in

northeastern Siberia led to the founding of Noril'sk (69°N) in the
1930's, and the construction of a narrow gauge railway to the port of 

1
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Dudinka on the lower Yenisey River in 1937* The entire line was laid 
over continuous permafrost and required constant maintenance during 

the short summer period. Noril'sk has since developed into a major 
mining and metal refining center.

The port of Murmansk continued to function as a "window on 
Europe" during winter when the port of Leningrad is frozen (Shabad, 

1951, P* 162), and a rail link connecting the Arkhangel'sk and 
Murmansk lines was built in 1939-^0 when the southern part of the 
Murmansk line was in German hands. In 1933 the Baltic-White Sea Canal 
was opened, providing an additional route to the north. The largest 
coal deposits in European Russia were discovered in the 1930's in the 

Pechora basin and a 750-mile railroad from Kotlas to Vorkuta, north of 
the Arctic Circle, was built in 191*0-19^2 to tap this resource. The 
northern portion of this line traverses sporadic and discontinuous 
permafrost areas.

In the east a motor road was completed in 1930 from Bolshoy Never 

on the Amur section of the Trans-Siberian railway 725 km (U50 miles) 
north to the Aldan River to support the gold mining region discovered 

in 1923. In 1926 what was to become one of the largest gold-producing 
areas in the USSR was discovered in the basin of the upper Kolyma 
River, north of the Sea of Okhotsk. A 560-km (350-mile) all-year road 

suitable for heavy trucks was built in 1930 from the Sea of Okhotsk to 
the gold fields, and the town of Magadan, the port and service center 
for the region, was established in 1932. Subsequently, gold was 
discovered in the Indigirka basin to the northwest, and the highway
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was extended to that region, eventually reaching Yakutsk. The Aldan 
and Lena rivers are unbridged and are crossed by ferry in the summer 
and on ice during winter and early spring. This activity was carried 

out under the Chief Administration of Railroad Construction in the Far 
East (Dalstroy), an organization which came directly under the NKVD, 
and which relied on forced labor.

The major tin-mining industry of the Soviet Union developed in 

the eastern region with the first discovery in the Chita region in the 
Trans-Siberian corridor in the 1930's. In the 19^0's large tin 

deposits were discovered in the Yana River Valley in the vicinity of 
Verkhoyansk. The deep valleys in this part of the Soviet North have 
the dubious distinction of being the coldest location in the world 

outside of Antarctica. This Yana River district is served by river 
traffic from the North Sea Route during the brief summer period, and 

by winter, overland from Yakutsk. The extensive use of winter roads 
for freight hauling developed in the northeastern region during the 
1930's, and a number of perennial routes have evolved.

A dirt road joining the Angara River (tributary of the Yenisey) 

and the head of navigation on the Lena River at Ust'-Kut was built in 
1932. Its purpose was to link the routes supplying Yakutia from the 

north via the lower Lena, and from the south via the trans-Siberian 
railway and the upper Yenisey, but its low bearing strength during the 

summer season rendered it relatively ineffective.
A railroad from Tayshet on the Trans-Siberia through Ust Kut, 

paralleling the trans-Siberian to the north and rejoining it near the
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Pacific Coast was considered during the 1930's. This route would he 
less vulnerable to foreign intervention than the Amur River section of 

the Trans-Siberian, and the Tayshet-Ust'-Kut segment would alleviate 
the difficulty of the Angara-Ust'-Kut road mentioned previously. This 
railroad, called the Baykal-Auiur Mainline (BAM), was shelved until 
several years after World War II although construction of the eastern 

and western extremities of it was started in the 19^0's.
The utility of the Northern Sea Route, serving ports on the 

Arctic Ocean and the Bering Sea, was greatly improved in the 1930's by 
the use of ice breakers. In 1932 the operation of this route, and the 
economic development of the entire area made accessible by it, were 

placed under a new government department, the Principle Directorate of 
the Northern Sea Route (Glavsevmorput). Development and operation of 
air transportation in this region also came under the Directorate. 
This venture in decentralization was somewhat short-lived, however, 
when the regional responsibility was removed in 1937 (Armstrong, 

1952).
The major transportation routes and mineral developments in the 

Soviet Union prior to the German invasion in World War II are shown in 

Figure 7*
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SETTLEMENT AND ECONOMIC DEVELOPMENT OF THE CANADIAN NORTH
Early Period to 1867 (Figure 8)

Although European contact with North America had "been made within 
the first millenium A.D., modern occupation of the region began with 
the British, French, and Dutch exploration following its rediscovery 
by Columbus in his search for a route to the Orient. The maritime 
nations to the north, England, France and Holland, sought northern 
routes to the same objective. Labrador was discovered by the English 
explorer John Cabot in 1597* Although the successful traverse of the 
Northwest Passage was not accomplished until the 20th century, the two 
major routes to the heart of the Canadian North, the St. Lawrence 
River and the Hudson Bay were discovered by Cartier of France in 1538 
and Hudson for the English in 1619, respectively. The opportunities 
for exploiting the fish and fur resources of this otherwise 
unattractive region were recognized early on. The area crucial to the 
development of the fur trade was the Canadian Shield. The French took 
the lead in eastern Canada, establishing Port Royal on the coast in 
1605 and Quebec on the St. Lawrence in l609» subsequently pushing 
westward in search of fur. The British continued to seek the elusive 

Northwest Passage, but in 1669 two French entrepreneurs, Radisson and 
Groseilliers, convinced British merchants of the opportunity to tap 
the fur riches of the new continent from Hudson Bay. The result was 
the formation of the Hudson's Bay Company in 1670, with a charter for 
all the lands draining into the Hudson Bay and hitherto undiscovered 
(innis, 1962, p. 42-48).
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Figure 8. Early Settlement and Transportation Routes in Canada



A lively rivalry between the traders of the St. Lawrence and 
Hudson Bay developed, continuing after the French capitulation in 

Canada in 1763, until a merger of the competing Hudson's Bay and 
Northwest companies in 1821 left the Hudson's Bay Company with 
monopoly control of the fur empire of the Canadian North. With the 
depletion of fur resources in the east, and the presence of the United 
States to the south, the fur seekers advanced westward through the 
boreal forest. Canoes and small boats were the primary means of 
transport, using waterway and portages in much the same fashion as in 
the Russian eastward expansion. Settlements began as trading posts or 
supply centers, and generally acquired a church mission which provided 
basic social services such as health care and education. By 181*7 the 
westward expansion had penetrated the easternmost extension of the 

Russian fur empire in Alaska with the establishment of a Hudson's Bay 

Company post at Fort Yukon, (ibid., p. 151-165; Tompkins, 19**5» P* 

163-10 •
By mid-19th century, the establishment of the boundary between 

the U.S. and Canada essentially had been completed, and the develop

ment of waterways and railways was initiated as a means to expand the 
Canadian economy. These contruction projects required capital 
expenditures beyond the means of Canadian private enterprise, and the 

dual role of government and private enterprise in transportation, 
utilities and other ventures came into being (Glazebrook, 1961*, Vol. 

I., p. 7I+—75 & 156). By the l860's railways and canals linked the St. 
Lawrence and Great Lakes region, while in the west the expanding rail*-
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roads in the U.S. offered convenient outlets for the expanding agri
cultural and forestry production. Beyond the Rockies the northward 
march of the goldseekers, resulting from the 18^9 rush to Sutter's 
Mill in California, penetrated Canada and was to have a significant 
influence on the transportation and settlement patterns in the 

Canadian North. The influx of goldseekers north of the l*9th parallel 
in the l850's, up the Fraser River valley and into the Cariboo 
district in the Pacific Coast mountains, created a sudden increase in 
population in this remote section of British America. To cope with 
this, the colony of British Columbia was created in 1858, and 

following later gold discoveries in the Stickeen Rivers to the north, 
the Stickeen Territory was created in 1862 (Clark and Innis, 1968, p. 
38). This region was a springboard for the later development of 

mining in Alaska and northwest Canada.

Confederation to World War II 1867-1939 (Figure 9)
In 1867, the year of the Alaska Purchase by the U.S., the British 

North American Act united the eastern province with a federal state, 
the Dominion of Canada. In 1870 the vast hinterland west to the 

Alaska boundary chartered to the Hudson's Bay Company was ceded to the 
new Dominion and British Columbia joined in 1871* A transcontinental 

railway was deemed essential to the settlement of the prairies, as a 
bond to unite the new Confederation, and to serve the growing mineral 

industry of British Columbia. The Canadian Pacific Railway (CPR), 
completed in 1885, extended the rail net from the Great Lakes to 
Vancouver on the Pacific by way of Winnipeg and Calgary. It was
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supported by international private financing together with substantial 

Dominion grants of cash and land. Branch lines were built northward 

into the grain producing prairie region of Alberta and Saskatchewan, 
but the CPR was primarily east-west oriented (Glazebrook, 190U, Vol. 

II, p. TU-75).
Of greater significance to settlement and development in the 

North were the Klondike gold rush of 1897 in the Yukon Territory and 
the construction of additional transcontinental rail lines north of 
the CPR after the turn of the century. The towns which sprang up 
literally overnight as a result of placer gold discoveries from 

British Columbia northward into the Yukon River watershed generally 

enjoyed a brief hey-day and then declined as the "pay dirt" played out 
and the restless miners moved to new diggings. The 1896 discovery of 
the placer gold deposits of the Klondike River near its mouth on the 

Yukon River and the delivery of a ton of gold in Seatule in 1897 drew 
thousands of stampeders to the spectacular strike in the next few 

years. Initial access to this remote area was overland by way of 
passes through the Coast Range from the Gulf of Alaska to the upper 
Yukon River system, on overland and water routes from the Canadian 
interior, and the 2700 km (1700 miles) all-water route of the Yukon 

River from its mouth on the Bering Sea. The White Pass and Yukon 

Railway was built with British capital in 1898-99 between the towns of 
Skagway on Alaska's Pacific coast and Whitehorse, the head of steam 
navigation on the Yukon River, specifically to support the Klondike. 
Dawson, the Klondike city, peaked at a population around 25,000 within
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5 years and was the seat of the territorial government established in 
1902. By 1912 however, the placers readily worked by manual methods 

had been worked out, and most of the nomadic prospectors moved 
westward after the Alaskan strikes of Nome and Fairbanks. Whitehorse 
survived to become the major transportation and service center for the 

Yukon and the neighboring part of the Northwest Territories, and 

eventually succeeded Dawson as seat of territorial government (innis, 
1936, Chap. I; Rea, 1968, p. 96-8)).

Technology made possible the continuation of placer gold pro
duction in the leaner gravels of the Klondike, and the development of 

hard rock mining in the Yukon Territory. The introduction of the 

bucket dredge and hydraulic methods from the California gold fields 
after the turn of the century resulted in the transition from many 
small-scale labor-intensive to a few large-scale, capital-intensive 
operations. The federal government granted large concessions of land 
and water rights to the mining companies, but not any capital expendi
tures. The mining companies constructed and operated their own water 
and power utilities needed for the operation of the mining equipment 
(Rea, 1968, p. 98-101).

As a result of the conversion to capital-intensive methods and 

the decline in the gold production as the Klondike district approached 
depletion, both the population and production of gold fell to a low 

level after 191^* The onset of World War I caused a significant rise 
in metal prices, which triggered a new interest in other metal occur
rences, notably copper, silver and lead, discovered during the earlier
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gold prospecting days. These were lode deposits which required better 
transport facilities than placer gold mining.

The Whitehorse copper belt in the south of the Yukon Territory 
was mined to some extent in the early 1900's, but not until the White 
Pass and Yukon route railway reduced its freight rates, and the market 
price of copper rose, did production from the Whitehorse copper mines 
increase significantly. By 1918 production declined considerably and 

ceased almost entirely after 1920 (Ibid., p. 105-6).
Silver-lead deposits were discovered in the southern Yukon 

Territory and the Mayo district east of Dawson, and high-grade ore was 

extracted in the decade 1905-191^* During World War I production of 
high-grade ore was increased using horse-drawn sleds from the mines to 
the Stewart River and boats to the railhead at Whitehorse. The post 
World War I years saw the horizontal integration of the Mayo pro
duction under a large firm, the Treadwell Yukon Company, with the 
capital to invest in significant technological improvements. In 1922 
Treadwell introduced tractors to haul the ore over the 6^-km (l*0-mile) 

route to Mayo Landing, which reduced transport costs by 75$* In 1921+ 
the company constructed a concentration mill and a thermal power 
plant, which permitted the economical production of lower grade ores. 
Although favorable prices were a factor in the decisions to invest in 

these capital-intensive facilities, the resulting increase in effi
ciency and production rates permitted continuation of mining during 

the price slump after 1929 (Ibid., p. 107-9)*
In the Canadian Shield, as in the west, the mining of gold
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preceded that of other metals. Gold was discovered as early as 1866 
on the south edge of the Canadian Shield, but the first real hint of 
the mineral potential of the Shield was a result of transport con

struction rather than the other way around. Excavation of the 
Canadian Pacific line in 1883 in southeastern Ontario revealed the 
extraordinarily rich nickel-copper deposits of the Sudbury Basin. The 

silver-bearing ores of the Cobalt region, llr5km (90 miles) northeast 
of Sudbury, were exposed in 1903 during construction of the provincial 
government Temiskaming & Northern Ontario Railway (TNOR) to support 

the agricultural development of the Clay Belt farther north. The 

subsequent expansion of mining northward was a direct result of this 
railway construction (innis, 1936, p. 321).

The Cobalt mining district became the source of capital, labor, 
entrepreneurship and technology for mining developments throughout the 

Canadian Shield. These developments featured the concentration of 
ownership in large mining companies, and dependence on international 
sources of finance, techniques, labor and markets (Rea, 1976, p. kh- 

6). The TNOR provided access to later discoveries of gold, copper and 
zinc at Kirkland Lake and Timmins, to which the Ontario government 

provided roads and spur rail extensions. Mines in these districts 
were financed by American, British and Canadian capital. Power 
requirements for mines and mills soon exceeded the capacity and cost 
of steam plants. Commercially developed hydroelectric plants filled 

this gap.
In the Rouyn district of northwestern Quebec, deposits of gold,
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copper and silver were discovered in the early 1920's and developed by 
Noranda Mines, a New York financed enterprise. The company invested 

heavily in milling and smelting facilities, negotiated with Canadian 

National Railway Montreal and the Quebec government for railway access 
(completed in 1927), and bought power initially from the Timmins area. 
Later, Noranda expanded its vertical integration, developing its own 
power production and branching out into copper refining and fabri
cation of wire and cable, pulp and paper production, and other finan

cial activities (Innis, 1936, p. 370-1).
The gasoline engine, in airplanes, boats and tractors made 

possible the development of gold deposits discovered in 1925 at Red 

Lake in northwestern Ontario, 280 km (175 miles) from the Canadian 
National Railway. Marine railways over the portages were financed by 

equal shares from government and the mine. Power was purchased from a 
provincial hydro plant, to which the mine built a 72-km (U5-mile) 

transmission line (ibid., p. 390-391)*
In Northern Manitoba, the Hudson Bay Railway (HBR) provided bases 

for extensive mineral development in that region. This rail line had 
a long and controversial history. It was conceived as a need for a 

shorter route to tidewater for grain shipment from the prairie region, 

and efforts to begin construction began in 1880. The Pas, on the 
Saskatchewan River, was reached in 1908 by private enterprise, only 
after construction of the Canadian Northern Railway (CNR) system 

(later the Canadian National Railways) began in 1899* Completion of 
the HBR to Churchill, with public funding, was not until 1929j nearly
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half a century from its inception (innis, 1930, p. 1-9).
Exploration from The Pas led to the discovery in 1915 of 

copper, gold, silver and zinc ores in the vicinity of Flin Flon, 115 

km (72 miles) to the north. During World War I high grade copper ore 
was produced and transported by sleigh and barge to The Pas for rail 
shipment to the smelter at Trail, B.C. The lower grade complex 

copper-zinc ores at Flin Flon required more sophisticated equipment 
and transporation. The Hudson Bay Mining and Smelting Company, a U.S. 

financed firm, developed this property. In 1928 a 136-km (85-mile) 
rail spur was constructed with provincial financing, and a company- 

owned hydropower plant was built at Island Falls 93 km (58 miles) 
northwest on the Churchill River. In 1930 a concentrator, smelter, 
and electrolytic zinc refinery were installed. Abundant and economi
cal supplies of electricity permitted the use of electric shovels in 

the open pit operation as well as powering underground operations. 
The precious metal content of the ores enabled mining to continue 
through the depression years. Hudson Bay Mining and Smelting facili

ties and a 67-km (H2-mile) northward extension of the rail spur were 
used by Sherritt-Gordon to support another mine at Sherridon, opened 

in 1931 (Innis, 1936, p. 392-3)
The use of aircraft after World War I and development of an 

oilfield in the Mackenzie River extended the range of mineral develop
ment in the Northwest Territories far beyond the limits of rail 
transportation. Oil seeps were discovered in the vicinity of Fort 

Norman by Yukon goldseekers in 191*+» Imperial Oil brought in a well in
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1920, first major commercial development in the Northwest Territories. 
A small refinery was established in the early 1920's, which provided 
fuel for aircraft and boats operating in the area. In 1928 a major 
pitchblende-silver deposit was discovered on the east shore of Great 
Bear Lake by an aircraft-supported prospector, Gilbert Labine. The 
prospect, at Port Radium, was developed in 1933 by the Eldorado Gold 
Mines Limited, which brought in diesel-electric generators fueled from 

the Norman Wells refinery and a concentrator by way of the Mackenzie 
River on company boats. Silver concentrates were shipped to Tacoma 
for smelting, and the pitchblende to a company-developed radium 

refinery at Point Hope on Lake Ontario. In 1939 a second petroleum 
refinery was added to meet the increasing demand for aviation gaso

line, diesel fuel and fuel oil (Rea, 1968 p. 15^-157)*
The other major mining developments in Northwest Territories 

prior to World War II occurred on the north side of Great Slave Lake. 
Lode gold occurrences were discovered there in 1896 by miners en route 

to the Klondike, but it was not until the 1930's when favorable gold 

prices and the increasing availability of fuel from Norman Wells made 
large-scale underground mines profitable. Three gold mines and a 

smelter were put into production in the Yellowknife area by the 
Consolidated Mining and Smelting Company and the Giant Yellowknife 
Company by 1939 but further development was halted by the onset of 

World War II. (ibid., p. Il6-l8 ; Bone, 1962 p. 122-23 & lUl-l*3).
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ALASKA
Russian Occupation 17^1 ^ 1867 (Fig. 10)

Prehistoric inhabitants of Alaska arrived from Asia overland 
across the land bridge of Beringia during the Pleistocene period. 
(Hopkins, 1967)* Also from Asia came the discovery and initial 
occupation of Alaska by Europeans. Peter the Great, Czar of Russia 

from 1689 to 1725, launched a major project in 1725 to explore the 
eastern extremities of the empire and the lands beyond. Vitus Bering, 

a Danish sea captain in the employ of Peter, was given the monumental 
task of taking an expedition across the waters off northeastern 
Siberia to determine whether or not America joins Russia, and to 
establish contact with American shores.

From his base in Kamchatka, Bering finally made his celebrated 

landfall in sight of Mount St. Elias in 17^1* Out of supplies and 
sick with scurvy on the return trip along the Aleutians, Bering and 
his crew were shipwrecked on Bering Island in the Kommandorskiy 
Islands. Bering died that winter, and the following spring the 
survivors arrived in Kamchatka on a craft improvised from the timbers 
of their wrecked ship. Pelts of the hitherto unknown sea otter which 

they brought with them from their island sojourn proved of great value 
to the Chinese trade in Siberia, launching another eastward extension 
of the Russian search for fur.

From the Siberian coastal port of Okhotsk, private venturers 
(pronyshlenniki) exploited the sea otters and fur seals of the Bering 
Sea along the Kommandorsky and Aleutian Island chain and into the Gulf
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of Alaska, with little interference from the Russian government except 
collection of the traditional tribute, the "Yasak". An expedition 

under the command of Grigorii Shelikov established the first permanent 
trading post in Alaska, at Three Saints Bay on Kodiak Island in 178U 

(Thompkins, 19^5, P» U5—99)*
In 1799 the Russian American Company was granted a charter for 

the Alaskan fur trade, and also to spread Christianity and maintain 
friendly relations with the natives, who had been roughly handled by 
many of the earlier traders. This monopoly ended the era of the 

independent promyshlennik (Brooks, 1953, p. 183-201). Under Alexander 
Baranov, headquarters of the new company was located initially at 

Kodiak, site of the colony established in 1791 by Shelikov. Later it 
was moved to New Archangel (Sitka), as operations extended south

easterly through the coastal islands.
Competition with Hudson's Bay Company and American traders 

following the wake of British, French and Spanish explorers, who 

worked their way northward along the Pacific coast of North America, 
led to a treaty in 1825 between Russia and England establishing the 
boundary between their respective territories essentially where it is 
today. With this formal expression of Russian sovereignty in North 
America, and explorations by competent Russian Navy officers such as 

Captain von Kotzebue, operations of the Russian American Company 
expanded. Fur resources of the Gulf of Alaska were being depleted by 
this time, and under the leadership of Baranov's successors, 
especially the vigorous Governor Wrangel, new ports were established
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on the Bering Sea coast, and on the lower Yukon and Kuskokvira rivers 
to tap inland resources of fur. Saint Michael on the Bering coast 
near the mouth of the Yukon, Kolmakof on the Kuskokwim, and Russian 
Mission (originally Ikogmut) and Nulato on the Yukon are among the 
settlements established during the decade 1830-1+0 (Dali, 1870, p. 330
1+0; Brooks, 1953, p. 202-2U).

Meanwhile in Canada, the Hudson's Bay Company, after its merger 

with the rival Northwest Company in 1821, pushed energetically 

northwestward under the direction of Sir John Simpson. In 181+7, 
Robert Murray came down the Porcupine River from the Mackenzie Delta 
to establish a post at the junction of the Porcupine and the Yukon. 

Although this post, Fort Yukon, was in Russian territory and its 
trading area extended westward as far as the mouth of the Tanana, the 

Russians allowed it to remain. (Tompkins, 19*+5» P* 163-161+).
Toward the end of the Russian regime, the northward search for 

gold through western Canada entered Alaskan territory. In 181+9 the 
Russian mining engineer, Peter Doroshin, discovered gold on the Kenai 
Peninsula, and recovered a few ounces from the Russian River, but no 
further gold mining was undertaken by the Russians (Brooks, 1953, P-
311). Fur continued to be the major commercial resource in Alaska at 
the time of its transfer to the U.S., although its potential for gold 

was prophesied by the American geologist W.P. Blake in 1863 (Ibid., p.

312).
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United States Territory and the Gold Rush, 1867 ^ 191^ (Fig* 11)
After the acquisition of Alaska from Russia by the Treaty of 

1867, the Treasury Department was made responsible for customs, 
navigational matters, and supervision of the taking of furs, with 

specific control over the rich fur seal rookeries of the Pribilof 
Islands. The War Department was made responsible for maintaining 
order, and military garrisons were stationed at Sitka, Wrangell, 
Kodiak, Cook Inlet, Tongass Island at the entrance of Portland Canal, 
all in the Gulf of Alaska region, and on the Pribilofs to guard the 
seal rookeries. One of the first military actions was an expedition 
up the Yukon River by Captain Charles Raymond, U.S. Army Engineers, to 
determine the U.S. boundary with Canada. Fort Yukon was found to be 
in U.S. territory, and Captain Raymond directed the Hudson's Bay 
Company to move its post to Canadian soil (Ibid., p. 26k-8 & 272).

American businessmen were quick to move in on the Russian fur 
trade. A company formed by a New Englander, H.M. Hutchinson, 
purchased the fleet and mainland trading posts of the Russian American 

Company. Another firm, the Alaska Commercial Company (ACC) secured in 
1870, a 20-year concession for harvesting the Pribilof fur seals. In 
1872 ACC bought out the Hutchinson firm, becoming the most powerful 

trading company in Alaska. In the decade following the Alaska 
purchase, the fur trade remained the largest industry by far, although 
commercial fishing started in I87U and the search for precious metals 

was underway (Ibid., p. 268-70; Elliott, l897» P* 2l+8).
There were two "theaters of operation" in the campaign to find
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Alaskan gold. One was the Gulf of Alaska littoral and the other the 
Yukon drainage system. The 1871 discovery of the Cassiar district in 

northern British Columbia started another stampede northward, and soon 
thousands of miners came through Wrangell en route to the new dig
gings. Prospectors scattered along the coast of Southeastern Alaska 
in the ensuing rush. Gold was found at Windham Bay and in 1875 that 
locality produced the first placer gold in Alaska since Doroshins' few 
ounces were mined in I8U9. Lode deposits were found near Sitka in 
1871, and the first lode mine in Alaska was developed there in 1872. 

The first stamp mill in the Territory was installed there in 1878, but 
the venture was not a financial success. In 1880, Richard Harris and 
Joseph Juneau made their famous discovery, which led to the largest 
lode gold mine in Alaska, and the eventual move of the territorial 
capital from Sitka to Juneau. Other discoveries were made northward 
as far as the Keaai Peninsula, which drew several thousand miners by 

1896 (Brooks, 1953, p. 296-311). The Klondike strike, however, soon 
overshadowed southern Alaska.

Concurrently with the coastal advance, the Yukon drainage in 
Canada was reached via the old Hudson's Bay Company routes. Arthur 

Harper and Jack McQuesten were the most prominent of the early Yukon 
prospectors. Harper found traces of gold at the mouth of the Stewart 
River, Beaver Creek, the Fortymile, and up the Tanana about as far as 
the later Fairbanks by 1878, but no significant strikes. He and 
McQuesten did open up this vast region for later, more successful 
followers by developing a logistical support system in conjunction
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with the American Commercial Company (ibid., p. 312-20).
A shorter approach to the Yukon is by way of the passes in the 

coastal mountains in British Columbia from the Gulf of Alaska, which 
had been used by the Chilkat Indians for many years to trade with the 
interior natives. The Chilkat guarded these trails jealously, and it 
was not until 1878 that one man, George Holt, crossed Chilkat Pass. 
In 1880 an agreement was made with the Chilkats by the senior 
government representative in Alaska, Navy Captain Lester Beardsley, 

for unrestricted use of the Chilkoot Pass route. From that time, 
increasing numbers of prospectors, as well as military and civilian 
explorers used the Chilkoot Pass and Chilkat River routes (Brooks, 

1953, P- 321-25).
The first extensive survey of the Yukon River was made via the 

Chilkoot Pass entrance in 1883 by Army Lieutenant Frederick Schwatka. 

In 1885, Lieutenant Henry Allen ascended the Copper River, crossed the 
Alaska Range by way of Suslota Pass, and conducted a detailed explora
tion of the Yukon River and its major tributaries, the Tanana and the 

Koyukuk (Ibid., p. 27^-77)*
Prior to 188^, Federal jurisdiction in Alaska was meager, indeed. 

The Treasury Department did not have the capability to enforce customs 

inland, the Army had no authority other than for maintaining order, 
and there was no legal mechanism for prospectors and settlers to stake 
claims or assume title to land. In that year, Congress passed 

Alaska's first organic act, making it a civil district, extending the 
Mining Law of 1872 for staking of claims, and providing a governor.

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



81

Limited as it was, the act did permit mining in Alaska to proceed 
(Gruening, 1968, P* U9-5*0.

Shortly after, in 1886, the first major gold discovery in the 

Yukon Valley was made in the Fortymile district near the Canadian 
border by Howard Franklin. Entrance to this mining area was up the 
Fortymile River, the mouth of which was on the Yukon in Canada. 
Uncertainty as to the exact location of the international boundary led 
to a joint U.S.-Canadian effort in 1889-90 to survey the boundary 

precisely (Brooks, 1953, p. 280-281). In 1893 gold was discovered by 
Creole prospectors Pitka and Sorrelco on Birch Creek, and the town of 
Circle on the Yukon River, a trading post established by McQuesten in 

1878, became the supply point for the new district (Orth, 1967, P« 

219; Hunt, 197^, P* 13 & 18).
The most significant event in the pre-World War II development of 

Alaska occurred in the Canadian Yukon - the celebrated Klondike strike 
in 1896. The discovery and development, described briefly in the 
preceding section on the Canadian North, drew people by the hundreds 

from the Alaska mining areas, and by the thousands from the mainland 
U.S. Its impacts on Alaska were profound, not only on the placer 
mining industry, but also on transportation and the political environ

ment. The backwash from the Klondike, after the more available 
grounds were staked, led to the rich strikes at Nome in 1898 and 

Fairbanks in 1902. The Fairbanks district became the largest placer 

gold producer in Alaska (Brooks, 1953, P» 371-98; Gruening, 1968, p. 

103-21).
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The exodus from Alaska and the U.S. to the Klondike aroused 
Congress. In 1898 an act extending the homestead laws and providing 

for railroad rights-of-way in Alaska was passed, and in 1899 the 

Oregon judicial code was applied (Gruening, 1968, p. 105 & 107)* 
Geological studies begun by the U.S. Geological Survey on a modest 

scale in l895» were expanded in 1898. Shipping on the Yukon 

multiplied to handle traffic to the Klondike and coal-land laws were 
extended to Alaska in 1900 in an effort to supplement the fuel supply 
for river steamers. The expansion of maritime traffic in the Gulf of 
Alaska and the Bering Sea resulted in the provision of lighthouses and 

more adequate charting of coastal waters (ibid., p. 116-17).
The need for an "all-American route" to interior Alaska, without 

the necessity of paying duties or taxes in Canada, was recognized by 
the Federal Government (U.S. Senate, 1900, p. 8). The War Department 
in 1899 initiated expeditions to locate overland travel routes to the 
interior. The expeditions under Captains William Abercrombie and 

Edwin Glenn found routes from the Gulf of Alaska up the Copper and 
Susitna valleys and over feasible passes in the Alaska Range to the 

Tanana and the Yukon valleys (Brooks, 1953, P* 283-289)* In the 
period 1898-1903 military posts were established at St. Michael, Nome, 
Valdez, Tanana and Eagle; a military trail was constructed between 

Valdez and Eagle; and a telegraph system linked these posts.
Railroads came to Alaska after the passing of the pioneer West in 

1890. Instead of land grants, the 1898 Act of Congress assessed a 
$100 tax per mile of railroad built in Alaska. Nonetheless, the
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wealth of the Klondike was a sufficient inducement for British capital 
to finance Alaska's first railroad, the White Pass and Yukon Railway 

(WP&YR). Under the capable management of Michael J. Heney, the Alaska 

section from Skagway to the summit of White Pass was completed in 
February, l899» and Whitehorse on the Yukon River was reached in 1900 

(Whiting, 1933, p* 9-25)« After the turn of the century, local rail
roads to serve the mining districts of Nome and Fairbanks were con
structed.

Coal deposits discovered in southcentral Alaska as well as gold 
and copper attracted railroad promoters. By 1908 nearly 50 railroad 
projects had been filed with the Secretary of the Interior, only a few 
of which were actually built (U.S. Congress, 1908). The Alaska 
Central had completed 80 km (50 miles) of its projected route from 
Seward to the Matanuska coal fields and eventually to the Yukon. The 
Morgan-Guggenheim syndicate bought up copper claims discovered around 
1900 in the Copper River region, and hired Mike Heney, of WP & YR 
fame, to build a railroad to the copper deposits. Attempts at 
construction from Valdez and from Katalla, where coal and oil had been 

discovered earlier, proved unsuccessful, and the Copper River and 
Northwestern Railroad (CR & NW) was built from Cordova, the 

Guggenheim-built port near the mouth of the Copper River, 313 km (195 
miles) to the exceptionally rich Kennicott Mine. The railroad and the 

mine were completed in 19H> and the CR & NW operated until 1938, when 
the mines were closed due to depletion of economic ores. The Alaska 
Steamship Company, which had been acquired by the Syndicate to form
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the integrated transportation system from the mine to the firms' 
smelter continued to serve Alaskan ports until well after World War II 

(Gruening, 1968, p. 129; Janson, 1975, P* 6-27, lU6).
Congress had opened Alaska to coal leasing, but the lack of 

surveys and the limited size of lease tracts effectively blocked 
economically viable coal mining. To avoid possible monopoly, 
President Roosevelt withdrew coal lands on public domain from entry in 

1906. Without access to coal for fuel and traffic, and in the absence 
of land grants or other Federal assistance, only those railroads 
supported by profitable mining operations survived. The Alaska 

Central went bankrupt in 1907, and its successor, the Alaska Northern 
Railroad, failed a few years later after extending the route another 

3^ km (21 miles) to Kern Creek on Cook Inlet (Gruening, 195^, P* 129

35) -
Road construction in Alaska got a start with the Nelson Act of 

1905, which established the Board of Road Commissioners under the War 

Department, to be funded by liquor and trade licenses. With this 
modest financing, the Board, under the energetic Major Wilds P. 
Richardson, set to work to improve access in the Seward Peninsula and 
Fairbanks mining districts, and conducted reconnaissance surveys for 

road and rail routes from the Pacific coast to Fairbanks and on to 
Nome. Subsequently additional Congressional appropriations were made 
available. With this supplementary funding, winter mail routes were 
established throughout the interior from Valdez, and wagon roads and 

pack trails were constructed in the major mining areas. By 1913 the
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Valdez-Fairbanks road (later the Richardson Highway) was made passible 

for motor vehicle traffic (Brooks, 1953, P* 1*25-27; Gruening, 1968, p. 
123-26).

The restless gold hunters continued to find new diggings. 
Innoko, discovered in 1906, Iditarod in 1908, and Tolovana (Livengood) 
in 191^ were among the larger producers. Livengood was the last of 

the significant placer gold discoveries. By 191^» a new set of com
munities based on placer gold mining had been added to those estab
lished by the earlier fur trade, and a network of trails plus a 

limited mileage of roads and railroads augmented the traditional water 
routes.

Alaska Mechanized 191** -- 19^0 (Fig* 12)
The second Organic Act of 1912 provided for an elected legisla

ture which, however, had limited jurisdiction. President Wilson in 
1913 declared that Alaska's resources should be unlocked, and that the 

key was a system of railroads which should be built and administered 
by the Federal government. After extensive investigations and 
hearings, the Congress passed an act in February, 19ll* empowering the 
President to "construct, own and operate" 1000 miles of railroads to 
connect one or more Pacific ports in Alaska with the navigable rivers 
of the interior. The $100 per mile tax was replaced with a one 

percent tax on gross railroad income. In October of that year, a 
companion act was passed for the leasing of coal land on public domain 
and national forests, in tracts up to 2,500 acres (Gruening, 1968, P* 

178-88). In 1915-23 the Alaska Railroad (ARE) was constructed along
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the route selected by President Wilson from Seward on the Kenai 
Peninsula using the Alaska Northern line to Cook Inlet and thence 

through the Matanuska and Susitna valleys to Fairbanks, a distance of 
770 km (i+70 miles). Connection with river transport was made at 
Nenana on the Tanana River. Terminal facilities and right-of-way in 
the Fairbanks area were acquired from the Tanana Valley Railroad which 
served the Fairbanks district mines. Coal mines in the Matanuska 

Valley and at Healy in the Alaska Range were developed subsequently, 
which provided fuel for the railroad as well as for domestic heating 
and power in the Alaska Railroad belt. The ARR headquarters 
established on Cook Inlet became the city of Anchorage (Fitch, 1967, 

p. 37-6H; Wilson, 1977, p. 23-31).
As the rich "bonanza" gold placers became depleted during the 

first decade of the 1900's, a number of small operations shut down, 

and larger companies began to increase productivity by technological 
means. Hydraulic stripping and mining, dredging, artificial thawing 

of frozen ground by steam and hot or cold water, and the use of steam- 
powered earth-moving equipment were employed prior to World War I 

(Wimmler, 1927, P* 9^-113, 13^-38, 176-87; Parker, 192U, p. 26-U0). 
Gold mining declined during and immediately following that conflict - 

a decrease in the purchasing power of the dollar resulted in higher 
operating costs without a corresponding increase in the price of gold 

(Brooks, 1922, p. 7-10; Wimmler, 1927, P* l)«
Copper production, on the other hand, increased as a result of 

higher prices induced by war needs. Copper deposits had been known in
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southeastern Alaska, the Prince William Sound area and the upper 
Copper River since the late 19th century, and small-scale mining in 
the coastal areas began after the turn of the century. The extra

ordinarily rich copper deposits at Kennicott on the south flank of the 

Wrangell Mountains were developed by the Morgan-Guggenheim syndicate, 
which acquired the Alaska Steamship Company and built the Copper River 
and Northwestern Railroad from Cordova. In 1911, the first year of 
operation, production from Kennicott quadrupled that of the previously 

existing mines. By 1915» production of copper in Alaska exceeded that 

of gold in value, and continued to do so until 1927, except for the 

years 1919 and 1921 (Wright, 1907, P* ^7-72; Grant, 1906, p. 78-87; 
Brooks, 1912, p. 17-18; Moffit, 1913, p. 81-85; Smith, 1937, P» 67

71).
Although gold and copper were the leaders of the Alaskan mineral 

industry in the pre-World War II period, a number of other metals had 

been produced. These include silver, platinum group metals, tin, 
tungsten, antimony, mercury, lead and bismuth. Nearly all the silver 

produced in this period had been a byproduct of copper and gold pro
duction, but silver-bearing ores have been mined at Kantishna and at 
Hyder in southeastern Alaska. Platinum metals have been recovered 

from gold placers on the Seward Peninsula and palladium from a copper 
deposit on Prince of Wales Island in southeastern Alaska. The main 
platinum occurence in Alaska is at Goodnews Bay on the Bering Sea 
coast. Placer platinum was discovered there in 1926, and actively 

developed in the 1930's, using a dragline. A dredge was constructed
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in 1937, which greatly increased the annual output. Since then 
Goodnews Bay has been the largest platinum producer in the United 
States (Smith, 1938, p. 81-83; Bundtzen, 1983, p. 15-18).

Lead was recovered from the gold ores of the Alaska Juneau mine 
during the period of its production, and small quantities of lead 
minerals have been shipped from several locations, including Hyder, 
Kantishna, the Omalik galena mine on Seward Peninsula, and from the 
Kobuk in the vicinity of Shungnak. The peaks of lead production prior 

to World War II were during World War I (1916) and the latter 1930's.
Tin production in Alaska, though not great, has been significant 

due to the dearth of tin resources in the lower 18 states. The 
largest tin producing area was in western Seward Peninsula, especially 
at Tin City. The gold placer districts of Manley Hot Springs and 
Circle in the Yukon-Tanana region have produced small but consistent 

amounts of tin. Other minerals which have been produced profitably at 

one time or another are antimony notably from Kantishna and Fairbanks, 
mercury from the central Kuskokwim area, and tungsten from the 
Fairbanks district (Smith, 19l0, p- 89-91; Bundtzen, 1983, P« 19-53).

The inter-war years saw significant growth in the placer mining 

and coal mining industries, and a lesser increase in lode production 
in the latter part of the period. Although agriculture made some 
gains, and commercial fishing superceded gold as the largest export 
value from Alaska after 1927, mining remained the major activity north 
of the Alaska Range. A decline resulting from the Great Depression of 

the 1930's was offset substantially by President Roosevelt's action to
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increase the price of gold from $20.67 to $35*00 an ounce in 1933, and 
later making loans from the Reconstruction Finance Agency available 
for gold, silver and platinum mining (Smith, 1939, P* 8). The 
internal combustion engine and the Alaska Railroad were major contri
butors to mineral production during this period.

In 1922 modern electric dredges of large capacity were introduced 

to the Seward Peninsula by the Hannam Consolidated Gold Fields 
Company. They were powered by a large diesel-engine-driven generating 

plant installed near Nome, where fuel oil could be delivered by sea, 

and stored economically in large quantities. The technique of thawing 
large areas of frozen ground with cold water was perfected and used to 

prepare tracts for dredging. These large-scale operations greatly 
increased the tonnage of gravel mined per season and reduced the cost 
per ton, permitting large, low-grade placers to be mined profitably 

(Boswell, 1979, P* 8-9).
An even bigger project evolved in the Fairbanks district 

following completion of the Alaska Railroad. A joint venture of the 
Hannam firm and the United States Smelting, Refining and Mining 

Company of Boston formed the Fairbanks Exploration Department (F.E.) 
to develop the program, which involved the construction of a ditch to 

bring large volumes of water a distance of 128 km (80 miles) from the 
upper Chatanika river, several large electric dredges, and a 5,000 kw 
coal-fired power plant to provide a capability for thawing and 

dredging more than 5 million cubic yards of gravel a season. Delivery 
of the construction materials, supplies, and coal was made possible by

90
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the Alaska Railroad. The first two dredges were completed in 1928, 
and by 19^0 a total of 8 dredges were in operation. The Fairbanks 
district, after its bonanza placer production declined, had been 
overtaken by the Seward Peninsula in 191^ due to the increase in 
dredging and hydraulic mining and lower operating costs in the latter 
region. In 1930, however, with 5 F*E. Company dredges operating, 
production of the Fairbanks district doubled, placing it well ahead of 
Seward Peninsula (Brooks, 192^, p. 3^ & UU; Smith, 1933, p. 2h-26 & 

32).
The internal combustion engine offered other opportunities to 

advance the mining frontier northward. The introduction of gasoline- 
and diesel-powered bulldozers, dragline scrapers, shovels, and pumps 
increased the efficiency and productivity of open-cut and hydraulic 
mining, and tracked and wheeled motor vehicles provided a faster and 

cheaper means of overland transport beyond rail lines. In 1930, 
dredges produced more than 80 percent of the output from Alaska placer 
mines. By 1935 the margin of dredge output began to decline, and in 

1937 it dropped to 69 percent. In 1938, even though placer gold 
production reached a higher value than in any other year since 1906, 
dredges accounted for just 66 percent of that. This trend indicates 

the increase in the use of the readily mobile and less expensive 

engine-powered mechanized equipment, which enabled smaller scale 

placers to be mined profitably (Smith, 1933* p* 52; 1937» P* 59; 1939* 

p. 72-3).
The rapid proliferation of automobiles and trucks in Alaska after
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World War I was accommodated by the upgrading of existing wagon roads 
and the construction of new highways by the Alaska Road Commission 
(formerly the Board of Road Commissioners). A high priority was 

placed on making the road from Valdez to Fairbanks (Richardson 
Highway) suitable for motor vehicle traffic, and considerable effort 
was expended on expanding road mileage in mining areas and providing 
feeder roads to the Alaska Railroad. By 19^0 Alaska had about 3,5^0 
km (2,200 miles) of roads. The backbone of this system was the 

Richardson highway, which joined the terminus of the Alaska Railroad 

at Fairbanks. From there roads were extended to the placer district 
of Livengood (Elliott highway) and to the Birch Creek district and 

Circle on the Yukon (Steese highway).
A 172-kin (107-mile) road from Gulkana on the Richardson south

eastward to the a lode gold mine at Nabesna was completed in 1935* 

This mine had been supplied previously by tractors and sleds and a 
near-by airfield. A feeder road was built from the Alaska Railroad 
into McKinley National Park, eventually extending to Kantishna on the 

north flank of the Alaska Range. For a number of years previously, 
transportation between Kantishna and the railroad was by means of 

tractor-drawn sleds in winter. Across the Territory, from the Forty
mile in the east to the Seward Peninsula in the west, mining districts 
not connected to the Fairbanks hub were served by short feeder roads 
from the Yukon and Kuskokwim river systems or from tidewater ports. 
Private funds and construction efforts supplemented government 

financing in a number of these local road projects (Board of Road
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Commissioners, 1927, p. 30-31; Alaska Road Commission, 1933, p. 6 ; 

191+0, p. 9-H; Naske, 1983, p. 352-99)*
The airplane made its debut in Alaska in 1911+ as an entertainer, 

but it was not until the successful flight by a squadron of U.S. Ariqy 
planes from New York to Nome in 1920 that the feasibility of long
distance air travel in Alaska was demonstrated. The first commercial 
flights in interior Alaska were made by Carl Ben Eielson from 
Fairbanks in the summer of 1923 and that winter he flew the first 
airmail in Alaska from Fairbanks to the mining supply center of 
McGrath. These flights demonstrated that the airplane could carry 
mail, light freight, and passengers year round to remote locations in 

hours instead of days by dog sled, and at one half the cost (Potter, 

p. 26-29, 38-1+2).
The introduction of regular air service necessitated prepared 

landing fields. . This task was undertaken by the Alaska Road Commis
sion, with appropriations by the territorial legislature and some 
local private funding (Naske, 1983, p* 290). An airfield was built at 

Nome in 1925, and in the next two years 25 airfields had been com
pleted. Most of these were at mining camps and supply points, the 
remainder at native villages and hot springs resorts (Board of Road 

Commissioners, 1927, p. UU—78). As the network of air routes spread, 
the need for winter dog-sled trails diminished. The mileage of trails 
built and maintained by the Alaska Road Commission reached a maximum 

of 12,61+5 km (7860 miles) in 1929, and declined thereafter (Alaska 
Road Commission, 1929, p. 12). By 1930 the Commission had built 66
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airfields, and a total of 155 by 19^0 (Alaska Road Commission, 1930, 

p. 31; Edrnan et al., i960, p. 96).
The first decade of commercial air transportation in Alaska saw 

the expansion of air service to mining camps and communities remote 
from sources of supplies and social amenities. In the late 1930's the 
Department of Commerce developed plans for integrating the aviation 

network with a system of trunk airways along a series of airfields 
equipped with radio navigation aids and communications. The strategic 
value of Alaska and the need for military air bases there had been 
recognized by the War Department, and these requirements were included 

in the federal planning for an integrated airways system. In 1939 
Congress appropriated the initial funding for the system, which was 
completed as a part of the massive defensive effort in World War II 

(Naske, 1983, p. 292-30U).

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



95

THE NORTH IN WORLD WAR II

Hitler's invasion of Poland in September, 1939* began World War 
II, which was to have a profound impact on the circumpolar North. 
Scandinavia

Finland became the first northland battleground when the Soviet 
armed forces launched a massive attack in November of that year to 
forestall a potential threat to Leningrad from artillery on Finnish 
soil. Although the heroic Finnish defense cost the Russians more than 
200,000 casualties and the Finns 60,000 by the end of the war in 

March, 19^0, Finland lost the province of Viipuri and large areas of 
North Karelia. The Petsamo area, with its British nickel interests, 
remained in Finnish hands. Finland was required to extend the railway 
in Lappland from KemijMrvi to the new frontier to permit junction with 
the northwestern Russian rail system (Mannerheim, 195^> P* 309-21 & 

388; Montross, i960, p. 797-99)*
Shortly after the cessation of hostilities in Finland, Germany 

invaded Norway on April 9» 19^0 with a sea, land and air campaign, 
seizing Oslo and five major ports including Narvik within 2b hours. 
This strategic move secured the flow of iron ore from Swedish 
Lappland, which comprised nearly 75 percent of Germany's supply of 

this vital raw material (Montross, i960, p. 799-801). By June, the 

Germans had occupied Kirkenes, near the Finnish frontier in Petsamo 
and shortly afterward acquired 60 percent of the Petsamo nickel pro

duction, sufficient for Germany's needs (Ziemke, 1959» P* ll1*). In 
19^1, after Russia broke off exports under the Russo-Finnish trade
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treaty, Finland became economically dependent on Germany (Mannerheim, 

195^, P* U03-U). Finland had permitted German military forces to 
enter Finnish territory after the occupation of Norway, which enabled 

a build-up of troops in 19^1 to support Hitler's impending invasion of 
Russia. Finland entered into a military alliance with Germany as 
Hitler's Operation Barbarossa for the conquest of Russia was launched, 

and declared war on the Soviet Union on June 25, 19^1* (Mannerheim, 
195U, p. 399-Ull*; Ziernke, 1959, P* 132-36).

The Wehrmacht marched into Russia on June 23, and simultaneously 
in Finland Petsamo and the nearby nickel mines at Kosjoki were 
occupied by German mountain troops from Norway. During the German 
occupation, the nickel mines were heavily fortified against bombing 

attacks, and a road was built to Kirkenes for export of the ores to 

Germany (Ziernke, 1959, P* H5» 1^1, 21*5, 307). German and Finnish 
troops launched attacks in July toward Murmansk in the north, into 
Karlelia in the center, and toward Leningrad in the south. Finland 
had hopes of regaining her territories lost in the 1939-^0 Winter War 
and possibly acquiring the Kola Peninsula. Finnish troops succeeded 

in occupying a considerable portion of Karelia including Viipuri and 
cutting the Murmansk Railway east of Lake Ladoga during the first 

months of the campaign (ibid., p. 11*1-208).
The Russians successfully defended the arctic supply port of 

Murmansk and constructed a rail line southeast to the Arkhangel'sk 
railway. The Allies kept the arctic sea route open almost continually 

throughout most of the war. The Germans failed to take Leningrad, and
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early in 19^, "the Russians broke the siege against that city. The 
Russians launched their great summer offensive on the Eastern Front in 
June, shortly after the Allied landings on Normandy. The Finns lost 

all their gains in Karelia and rather than face the consequences of a 
further Russian invasion, signed an armistice on September 19, 19^^ 

(Mannerheim, 195*+, p. *+35-503).
The German forces in northern Finland retreated to Finnmark in 

Norway, pursued by the Russians from the east and the Finns from the 

south, and by the end of October the Petsamo region and the Varanger 
Peninsula were in Soviet hands. At the end of 19*+*+, the evacuation of 
German troops from Finland was completed except for a small pocket in 
the northwest tip which remained in German hands until April of the 

following year (Ziernke, 1959, p. 292-309)* The transportation 
facilities, roads, railroads, and bridges as well as communication 

lines in north Finland were in a shambles. The Petsamo corridor was 
in Russian hands, and thousands of Laplanders were evacuated to Sweden 

(Platt, 1955, p. 3*+-5).
During the German occupation of Norway, considerable effort was 

expended in extending the transportation system northward. The Arctic 
Highway, extending along Norway's coastal region from Trondheim to 
Kirkenes, was nearly complete when the Germans invaded in 19*+0. 

Because of its significance as a supply route during the occupation, 

the German Arny completed the road in 19*+1, and in 19*+2 replaced some 
of the ferry crossings with bridges (Douglas, 1972, p. 59-6l). In 
19*r3 work began on a very ambitious project, the construction of a
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railroad between Trondheim and Narvik to provide a secure route for 
supply and ore traffic. By the end of 19UU only one-third of the line 

had been completed (Ziernke, 1959, P* 265).
In the retreat from Finland in the fall of 19^, the Germans had 

time to destroy only tactical features such as bridges in eastern 
Finnmark. Kirkenes was not evacuated, although it had suffered severe 
damage from bombing. The Russians did not advance beyond the Varanger 
Peninsula, and Norwegians from Britain and Sweden took over the 
administration of the district soon after its liberation. From 

Tanafjord westward, through Finnmark, however, "scorched earth" policy 
was executed fully. A few churches were the only buildings left 
standing between Tana and Lyngenfjord, east of TromsB, and civilian 

evacuation was compulsory (Lund, 19^7, P« 193).
From Tromstt southward, active warfare was primarily a naval and 

air affair. The German occupation forces in Norway were almost on a 
peace-time basis from January of 19^5 and capitulated without 
resistance at the end of the war in Europe in May. Substantial damage 

had been sustained earlier, however, by the coastal ports, including 
TromsiJ, Narvik, BodS, Namsos and Steinkjer, from air bombardment 

(Ziernke, 1959, P* 310-13; Lund, 19^7, P* 196).
Sweden, at the outbreak of war in Europe in 1939, declared 

neutrality, and suffered no active combat within her borders. She did 
build up defenses, and put trade and industry under government 
control. The production and transport of iron ore from the Kiruna 

district continued. Aid was provided to Finland in the form of
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supplies and refuge, and between 19^0 and 19*+3, German forces were 
permitted the transit of Swedish soil to Norway and Finland, but this 

was denied to the Allies. At the end of the war, Sweden emerged with 
her northern region industries and infrastructure intact.
The Soviet North

The threat of Germany's "drang nach Osten", as well as the 
continuing exploitation of the resources of the Urals and Siberia, 
accelerated the eastward spread of Russian heavy industry in the 
latter 1930's. In 1939 more time for defense preparation was gained 
by the non-aggression pact between Germany and the Soviet Union, 
signed one week prior to Hitler's September invasion of Poland. Under 
the umbrella of neutrality, the Soviet Union took immediate steps to 
strengthen her western frontier by occupying eastern Poland and 
incorporating the western sections of Belorussia and the Ukraine. 

After the fall of France in 19^0, the Baltic states of Latvia, Estonia 
and Lithuania were incorporated as Soviet states, and eastern Rumania 

was occupied. (See Vernadsky, 195^> P* 38U-U03, L18-23).
Finland did not acquiesce to demands for sovietization, whereupon 

the Soviets invaded that nation in November, 19^0. After encountering 
a heroic resistance, Soviet force prevailed. In February, 19^1 

Finland signed an armistice, ceding Karelia and the Vyborg district, 

but retaining the Petsamo corridor in the north and its nickel mine. 
Finland was required to build a railroad in Lapland to the new Soviet 
frontier, which Russia joined with a line to the Murmansk railway. As 
Finnish railroads are the same gauge as the Russian (1.52U m, 5*0
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ft.), this common line would provide direct access from the Russian 
rail system to the Swedish border at Tornio. (ibid., p. U2U-5; 

Mannerheim, 195*+, P» 388).
The development of northern resources was intensified during this 

period. With the completion of the railroad from Dudinka on the Lower 
Yenesei River, production of ore from the copper-nickel deposit at 
Noril'sk was expedited. In 19^0 the nickel refinery at Monchegorsk in 
the Kola Peninsula was transferred to Noril'sk, where the smelting of 

nickel began in 19*+2. Exploration for large-scale expansion of coal 
production in the Pechora coal basin in the European north was 
initiated in 19*+0 , and in that year an iron and steel production 
combine was established in the Urals to the north of Sverdlovsk. The 
production of gold in the Aldan region in Yakutia and the Kolyma 

district in the Far East was expanded to meet the increasing need for 
foreign currency. Tin was in short supply in the Soviet Union and 
deposits in the Yana river basin and in Chukhotka were developed. The 
eastern part of the Northern Sea Route increased in use as Soviet 

ships were neutral in Japanese waters. (Armstrong, 1965, P* 128-35; 

Sutulov, 1973, p. 120-5, 156).
Hitler abrogated the non-agression pact on June 22, 19*+1» when he 

launched his massive invasion of the Soviet Union, Operation 

Barbarossa. Finland joined in by declaring war shortly thereafter. 
The German offensive of 19*+1 was most successful in the south, where 
it gained the Ukraine, but was stopped on the outskirts of Moscow in 
the center. In the north, the invasion overran the Baltic coast,
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cutting off access to Russia by way of the Baltic Sea and the Gulf of 
Finland, but failed to take Leningrad and the arctic port of Murmansk. 
The Murmansk railroad was cut by the Finns in September, but construc

tion of a link from Belomorsk on the Murmansk line to the Arkhangel'sk 
railway in 1942 kept the Soviet arctic supply route open during the 
rest of the war. (Montross, i960, p. 842-51; Freidin and Monakhovich, 

1964, p. 17).
The loss of the Donetz Basin coal field in the Ukraine was offset 

by the construction of a 1200-km (945-mile) railroad to Vorkuta in the 

Pechora Basin from Kotlas on the central rail system in 1941-42 and 
subsequent expansion of the Pechora coal mines. Production of nickel 

at Noril'sk and gold in the Kolyma region was increased, and tin 
refineries were built at Ege-Khaye and Batagay on the Yana. The 
development of these mining areas was accomplished to a large degree 
by the use of forced labor, which was augmented by Polish prisoners in 

19l*l- ( Armstrong, 1965, P* 132-142, 146-153).
Much of the industrial and agricultural capacity in the Soviet 

Union was lost in the first months of the German invasion, but the 
production of heavy industry relocated in the interior and massive 
Lend-Lease aid supplied through Murmansk, the Persian Gulf, 
Vladivostok and later through Alaska, sustained the Soviet armed 

forces during the war. The severe Russian winters and the enormous 
logistical problems in supporting a 2 ,000-mile front were serious 
handicaps to the German forces, yet they were able to mount a sizeable 

offensive in 1942. (Montross, i960, p. 842-851; Vernadsky, 1954, p«
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In the winter of 191+2-1+3, the Soviet forces scored a decisive 
victory in the successful defense of Stalingrad and the destruction 

of the German Sixth Army. In the north, the siege of Leningrad was 
"broken in February, 191+3* In July 191+3, the Wehrmacht launched its 
last major offensive on the eastern front, which was stopped by 
massive Soviet artillery east of Orel. The subsequent Soviet counter 
attacks all along the front marked the beginning of the battle for the 

liberation of Russia. (Montross, i960, p. 990-995; Vernadsky, 1951+, 

p. 1+36-91+1+)*
By January, 19̂ +1+» the Germans had been driven out of the Donetz 

Basin and Kiev in the Ukraine and across the Polish border in the 
center. The final Soviet offensive began on June 23, shortly after 
the Allied invasion of Normandy. The entire 2900-km (1800-mile) 

Soviet frontier had been restored by November, and in the arctic 
sector Karelia and the Petsamo corridor with its nickel mines had been 
taken over. Rumania and Hungary were occupied, and in 191+5 the 
westward drive entered Prussia. Vienna fell in April, and the push 
continued toward Berlin. Hitler committed suicide on May 1 and 
Marshall Zhukov's army took Berlin the following day. The provisional 

German government surrendered on May 7, ending the war in Europe. 

(Montross, i960, p. 908-909, 930, 952; Ziernke, 1959, p. 278-310).
In the Asiatic theater, the Soviets had maintained neutrality 

until the U.S. nuclear bombing of Japan. On August 8, 19̂ +5 the Soviet 
Union declared war on Japan and launched a blitzkrieg across Manchuria

1+33-^36).
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occupying the Manchurian ports of Port Arthur (Lushun) and Darien 
(Tailen), and the territory of North Korea. In the subsequent peace 

negotiations, the Russians withdrew from Manchuria, regained South 
Sakhalin and the Kurile Islands from Japan, and acquired joint use 
with China of the Chinese Eastern Railway and the two Manchurian 

ports. (Montross, i960, p. 9^7; Vernadsky, 195^5 P* ^52).
The end of the Great Patriotic War left the Soviet Union with an 

expanded "sphere of influence" in the west and also in the east, but 
at an enormous cost in lives and material wealth. There were more 
than 20 million dead, and Soviet military losses were higher than any 
other nation in the war. The occupied zone was systematically 

devastated - thousands of communities, industrial facilities, farms 
and transportation facilities were destroyed. Over half of the Soviet 
steel-producing and electrical generating capacity and coal output was 

lost (Munting, 1982, p. 122-123). In the Soviet North, new mining and 
metallurgical centers had been developed, and the northern transporta
tion system had been expanded substantially, particularly the rail 
network in the European north and the ports serving the Northern Sea 

Route.

The Canadian North
As the clouds of war gathered in Europe in the latter 1930’s, the 

need for defensive measures in the western hemisphere was recognized 
in the U.S. and Canada. With the outbreak of war in September 1939 
Canada immediately entered with Britain, while the U.S. initially 
maintained neutrality and concentrated on the matter of hemispheric
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defense. These efforts were expanded as a result of the fall of 
France in mid-19^0 and the possibility that Hitler would overrun 

Europe and control the Atlantic Ocean.
A Permanent Joint Defense Board was established in August, 19^0, 

to develop plans for cooperative U.S. Canadian defense measures in 

which participation of the U.S., as a non-belligerent, was geared to 
the support agreement between President Roosevelt and Prime Minister 

Churchill, as well as the build-up of the defenses of Alaska. By the 
end of 19lil a start had been made by Canada on an air route (Northwest 
Staging Route) to link Alaska with the 1*8 states. (Conn & Fairchild, 

I960, p. 365-389).
When the U.S. entered the war on December 8, 19^1, as a result of 

the Japanese attack on Pearl Harbor, the Northwest Staging Route 
gained immediate importance. The need for a land route to guide 
fliers and as a means to improve and supply the air fields was 

recognized, and in 19^2 the 2298-km (ll*28-mile) Alaska Military 
Highway was punched through from Dawson Creek, British Columbia, to 
the Richardson Highway at Big Delta, Alaska by the U.S. Arny Engineers 
and civilian contractors. In 191+3 a road from the port of Haines, 
Alaska, to the Alaska Highway west of Whitehorse, Yukon Territory, was 

built to provide an alternate to the White Pass and Yukon Railway from 

Skagway. (Conn & Fairchild, i960, p. 393-395; Remley, 1976, p. 22l*- 

225).
The Japanese attack on the Aleutian Islands in June, 19k2 caused 

an enormous increase in traffic over the Northwest Staging Route, and

iou
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at the time plans were being made for ferrying aircraft to the Soviet 
Union by way of Alaska and Siberia. These situations dictated the 
requirement for additional facilities along the route. In addition to 
improving the five original Canadian Air Fields (Grand Prairie, 
Alberta, Fort St. John, and Fort Nelson in British Columbia and White
horse in the Yukon Territory), five additional airfields in the 
northwest part of the route and eight supplemental landing strips 
along the Alaska Highway were built by the Canadians between 
September, 19^3 and July, 19^5* (Conn & Fairchild, i960, p. 391-398)*

Another major development in western Canada was the Canol project 
to produce fuel from the oilfield at Norman Wells on the Mackenzie 
River. The Japanese conquests in the Pacific and the attack on the 

Aleutians in 19^2 posed a threat to the sea lanes to Alaska, and the 
U.S. sought an alternative fuel supply. Contracts were let to 

Imperial Oil of Canada to develop the oilfield, and the U.S. Army 
Engineer troops built a 935-km (580-mi) pipeline and service road from 
Whitehorse to Norman Wells. The system included a refinery, a pipe
line between Whitehorse and Skagway and storage facilities at these 
terminals. The project was completed in March 19^ and supplied more 
than a million gallons of fuel in that year, but by that time, the 
U.S. Navy had gained the upper hand in the Pacific, and the Canol 

project was no longer necessary to the war effort. (Rea, 1968, P* 

157-159)*
In eastern Canada, bases in Newfoundland (Gander), Labrador 

(Goose Bay), Greenland (S^ndre Str^mfjord and Narsarsuaq) and at
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Reykjavik in Iceland were completed in 19^1 by U.S. and Canadian army 
and civilian workers for a staging route to the British Isles. In 
I9U2 another staging route farther north, the Crimson project was 

begun. This route comprised airfields constructed at Fort Chimo, 
Frobisher Bay, Southampton Island, Churchill and The Pas by 19^3 (Conn 

& Fairchild, i960, P* 399-^03).
At war's end, a significant addition to the infrastructure in the 

Canadian North was in place. Perhaps even more important, the U.S. 
and Canada developed a technologically improved capability for con
struction, logistics and living in northern regions as a direct result 
of these defense efforts.
Alaska

The strategic significance of Alaska had been recognized prior to 
its acquisition by the U.S., but little was done to include it in the 

Pacific defense system prior to World War II. Until 1939» "the 
military defenses in Alaska consisted of a small Army garrison at 

Chilkoot Barracks in Haines, a Navy seaplane base at Sitka, a Coast 

Guard station at Dutch Harbor, and a few coastal radio stations. 
Japan's withdrawal' in 193^ from the arms limitation treaty of 1922 and 
her subsequent naval build-up resulted in Congressional appropriations 

in 1938 for air and naval bases in Alaska. Construction at Sitka and 

Kodiak began in September 1939> and at Dutch Harbor in July 19^0 
(Conn, et al., I96U, p. 223-22U).

Army defense planning by 1939 centered around ground-based air 
power, with Army troops for the protection of air and naval bases. In
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August 1939 construction of Ladd Field at Fairbanks began. The loca
tion was selected to permit cold-weather testing and training as well 
as a base for combat aircraft and ground troops. In 19^0 an Army post 
{Fort Richardson) and an air base (Elmendorf) were built at Anchorage, 
and construction was begun on airfields at Annette Island and Yukutat. 
In 19^1 Army posts were built at Sitka (Fort Ray), Kodiak (Fort 
Greeley not to be confused with the present Fort Greely in interior 
Alaska), and Dutch Harbor (Fort Mears). Army engineer troops built 
an air base at Nome in the summer of 19*+1, and began construction of a 
fighter base at Galena. At this time, airfields were under construc
tion by the Civil Aeronautics Administration at Boundary, Big Delta, 

Cordova, Fort Yukon, Juneau and Ruby. These were followed by fields 
at Bethel, Gulkana, McGrath and Naknek, plus a number of smaller 
landing strips. In recognition of the growing threat of Japanese 
naval power, plans were made for Army air bases westward on the Alaska 

Peninsula at Port Heiden and Cold Bay, and at Umnak in the Aleutians 
(Ibid., p. 230-252; Alaska Transportation Consultants, 1983, V. U, p. 

1-5).
The attack on Pearl Harbor brought the U.S. into the war, and 

Alaska was designated a Theater of Operations on December 11, 19^1* 

Within the next 5 months, troop strength increased from 21,500 to more 
than 1+0,000. Much of this increase was engineer troops needed to rush 
completion of the new air bases. Delivery of combat aircraft via the 
Northwest Staging Route through Canada was stepped up, and construc

tion of the Alaska Highway along that route, described in the
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preceding section, was started in February 19^2. The pioneer road was 
opened for truck traffic in November. A short-cut for convoys to 
Anchorage was provided by a cut-off from Tok on the Alaska Highway 

southwest across Mentasta Pass to the Gulkana-Nabesna road, and on to 
the Richardson Highway. The Alaska Road Commission had just built a 
connecting road between the Richardson at Glenallen and the Matanuska 

Valley road at Palmer. The vulnerability of the Kenai Peninsula 
section of the Alaska Railroad to enemy attack prompted the con
struction of a port at Whittier as an alternative to Seward, and a 
rail spur through a tunnel at Portage, which was completed in 19^3* 

(ibid., p. 253-258; Alaska Road Commission, 19^2, p. 7 & 19^3, p. 7)*
The shooting war came to Alaska with the bombing of Dutch Harbor 

on June 3, 19^2, by Japanese carrier-based aircraft, and Attu and 
Kiska in the western Aleutians were occupied by Japanese sea-landed 
troops two weeks later. An advanced air base was built by Ariny 

engineers on Adak in the remarkable time of two weeks in September, 

permitting more effective bombing attacks on the Japanese positions 
than from Cold Bay and Umnak. Concurrently, the ferrying of lend- 

lease aircraft to Siberia over the Northwest Staging Route was 

initiated (Garfield, 1969, P* 25, 136-138).

An advanced fighter base was built at Amchitka in February 19^3 
to provide fighter support for bombers and the forthcoming attack on 

the Japanese-held islands. An amphibious assault by 15,000 U.S. 

troops was made on Attu May 11, and the island was recaptured by May 
30, killing or capturing the entire Japanese garrison of 2350 troops
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at a cost of 3800 U.S. casulties. In August a force nearly twice the 
size of the Attu operation landed on Kiska, only to find that the 

eneiny had already evacuated that island. The Japanese threat to 
Alaska was over. (Conn, et al., p. 258-95).

The war affected mining in several ways. Placer gold mining 
began to decline in 19^1 when high wage rates offered for defense 
construction attracted labor customarily employed in mining. This 
drain intensified in 19^2 with the direct war involvement of the U.S. 
and Alaska. Construction of the Alaska Highway in that year diverted 
much of the mobile earth-moving equipment used in placer mining. In 
November the War Production Board declared gold mining no longer 
essential to the war effort, and most of the larger mines closed down. 
Exceptions included mines which produced other needed by-products, 
such as the Juneau Alaska with its by-product lead production, and 
some dredging operations. Concurrently, exploration and development 
of deposits other than gold, needed by defense industries, was 

increased in 19^1 and 19^2. (Smith, 19^> P« 3-*+).
Production of tungsten at Hyder in southeast Alaska and at 

Fairbanks, antimony at Kantishna and mercury in the Kuskokwim area 

increased as a result of the higher prices offered by the government's 

Metals Reserve Company. The need for chromite caused a revival of 

activity at the Red Mountain chromite deposit on Kenai Peninsula, and 
the Alaska Road Commission built an access road to that deposit from 

Kasitna Bay (Smith, 19^^» P* 18-20; Alaska Road Commission, 19^» P« 
7). Production of chromite began in 19^3, the first recorded from
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Alaska, but stopped the following year after completion of the 

government contract. After 19^» interest in tungsten, antimony and 
other metals declined when the Metals Reserve Company stopped buying 
them. Mercury production continued, mainly as a result of moderniza

tion of the Kuskokwim mines. (U.S. Bureau of Mines, 19^5, P* 628; 

19U7, P- 223-22M-
The surrender of Japan on September 2, 19^5» marked the end of 

World War II. The peak of military personnel in Alaska, lUlr,000 in 

I9U2, had declined to about 50,000 by the end of I9M  (Conn, et a l , 
196k, p. 299-300). Alaska was left with a vastly improved system of 
airfields, navigation aids, and communications. The road network was 
considerably expanded, connecting Fairbanks with Anchorage and with 
the continental road system by way of Canada, and with another sea- 

coast outlet at Haines. Considerable earth-moving machinery was left 

on hand with Alaskan construction firms, which could be put to use in 
placer and surface mining, and a good start had been made on the 
search for minerals other than gold as a result of the war-time 
efforts to locate strategic metals. In the months following V-J Day, 

relations between the western nations and their erstwhile ally, the 
Soviet Union, deteriorated and Alaska's strategic location with 

respect to a potential Soviet threat would remain in the forefront of 

U.S. defense policy.
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CHAPTER U: ADVANCE OF THE NORTHERN MINING FRONTIER
AFTER WORLD WAR II

The era following the end of World War II began with a resurgence 
of development activities in the Circumpolar North, motivated by 
circumstances and governmental objectives which varied among the 
national regions. Repair of war damage and restoration of the 
national economy were of first priority in the northern Eurasian 
nations. In Canada national sovereignty was a major issue, while the 
onset of the Cold War soon dominated the Alaska scene.

THE SCANDINAVIAN NORTH 
(Fig. 13)

World War II left the Norwegian and Finnish components of 
Nordkalotten (the Scandinavian "north cap") largely devastated, while 
the Swedish segment emerged intact by virtue of Sweden's neutral 
status. The task of reconstruction and rehabilitation of northern 
Norway and Finland was given priority by their respective governments 
in the immediate post-war years. Finland had the additional burdens 
of resettling refugees from territories lost to the Russians, and 
reparations to the Soviet Union in the form of timber and forestry 
products, ships and barges, machinery and electric cables. These 
reparations were fulfilled by 1952. Reconstruction and resettlement 
required a substantial capital investment by both governments, and the 
most urgent rebuilding was completed in the early 1950's (Fjermeras, 
1967, P* 79; Platt, 1955, P- 166-17U; Mead, 197^, P* 32).

Ill
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Figure 13. Development of the Scandinavian North, 1980
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All three countries promulgated programs to strengthen the 
industrial base of their northern regions as a means to support and 
maintain the population, raise the standard of living toward that in 
the more southerly regions, and enhance the value of exported 
products. Government measures to promote economic development 
included investment of capital in private industry, joint or sole 
corporate ownership of industrial projects, subsidies, loans, tax 

incentives, construction of transportation facilities, and development 
of hydroelectric power. Post-war economic development in Nordkalotten 
continued to be based primarily on minerals, timber and hydroelectric 
power, but with a radical change in the utilization of the resources. 

New production facilities for more advanced stages of processing of 
the raw materials were established, namely ferrous and nonferrous 
metallurgy, pulp and paper production, and electrochemical processing. 

(Mead, 1971*, p. 3^-7; Fjermeras, 1967, P* 80-2; Karpov et al., 1969, 

P. 295)-
Sweden, not having a war reconstruction burden, had a head start 

on her two sister countries. A steel mill was added to the state iron 
works at Lulefi right after the war, which provided both increased 
employment in the north and increased supplies of steel from 

Norrbotten iron ore. By 1967 this plant was producing more than 3 

million tpy* (3.3 million stpy*) of iron and steel, about 15 percent

* tonnes per year (t = 1 metric ton = 1.10231 short tons) 
short tons per year
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of Swedish production (Karpov et al., 19&9, P« 300). The transition 
from surface to underground mining at Kiruna in 19U8 and a decade 
later at GSllivare was accompanied by the introduction of modern 

compressed air drills and trackless, electrically-powered ore trans
porters. In 1957 the Swedish government exercised the stock option 
agreement made early in the century with the mining company, LKAB, 

acquiring 95 percent ownership of the company. The Kiruna mines 
produce 17-19 million tpy (18.7 - 21 million stpy) of 60 percent iron 

ore, GSLllivare 3.6 million tpy (1* million stpy) of ore plus 1.5 mil
lion tpy (1.7 million stpy) of pellets and concentrates, and 

Svapavaara 3-5 million tpy (3*9 million stpy) of pellets, making 
Norbotten the largest iron ore producer in Sweden and one of the most 

important in Western Europe (Hilton, 1971, P* H6-5^; Schnitzer, 1970, 

p. 39-^0).
The forest is the second most important raw material resource in 

north Sweden. About half of the northern forest land is crown or 
public property, although the rate of cutting is carefully controlled 

in both public and private forests (Rea, 1976, p» 190). Since World 
War II lumbering has become a year-round industry, with greater use of 
mechanized transport in the woods and less dependence on floatways, 
which was made possible by the development of forest road systems. 
Large pulp and paper plants have been established at Kalix, Lule& and 
PiteH on the Gulf of Bothnia (Bergsten, 1968, p. 317-322).

The economic development program in northern Norway was formally 

structured in the North Norway Plan of 1951* Planning was based on a
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policy of broad state support of local initiatives, and direct subsidy 
of selected growth industries. The 10-year development program 

included: (l) heavy capital investment in primarily state owned and
operated enterprises, and development capital for private enterprises 
which totalled about 1*0 percent of all private financing during the 
period; (2) appropriations for general socioeconomic development; (3) 
incentives to stimulate private reinvestment and location of new 

industry in the north (e.g., tax privileges and relaxation of import 
restrictions); and, (1+) technical assistance to private firms for 

investment planning and operation. This program was strongly oriented 
to the development of urban and industrial growth centers (Sommers and 

Gade, 1971, p. 531-2).
Emphasis was placed on the utilization of mineral resources of 

the region. Over $57 million, more than half of the government 
investments under the North Norway Plan, went to the state owned and 
operated iron and steel plant established at Mo-i-Rana in Nordland, 

and its associated port facilities and hydroelectric power supply. 
The rationale for this immense project was the post-war international 
and domestic market for steel which could be produced from domestic 
sources of iron ore, coal (from Svalbard) and hydroelectricity (Mead, 
1968, p. 131-7). The plant had a design capacity of 700,000 t 

(772,000 st) of pig iron and 850,000 t (937,000 st) of steel, and in 
1965 was producing 90 percent of the pig iron and 70 percent of the 
steel in Norway (Karpov, et al., p. 300).
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Other mineral industries which received government support were 
the Sydvaranger taconite mine and pellet plants at Kirkenes, the iron 

mines at Dunderland near Mo-i-Rana, the copper mining and smelter at 
Sulitjelma, and the lead-zinc mines at Bleikvassli and Mofjellet (Rae, 
1976, p. 183)* A copper deposit at Bidjovagge, UO km (25 miles) west 
of Kautokeino in Finnmark was developed in 1970. An access road was 
built from Kautokeino initially, and later construction of a new road 
from the coast in Troms reduced the distance of this mine from tide

water (Douglas, 1972, p. 219-20). In 1973 the Biddjovagge copper mine 
and the lead-zinc mines at Bleikvassli and Mofjellet were acquired by 
the 50 percent government-owned Sydvaranger company (Mining Annual 

Review, 197^, P* U6U). A medium-sized copper mine was brought into 
production in 1972 at Repparfjord, south of Hammerfest, as a result of 
exploratory drilling funded under the North Norway Plan (Doughty, 

1975, p. 31).
Other industrial establishments under the North Norway Plan 

promoted the renewable resources of fish and water power. A large 
fish freezing plant was built at Hammerfest, along with several 

smaller fish processing facilities along the Arctic seaboard (Sommers 
and Gade, 1971» P* 53U). New industrial enterprises based directly on 

an abundance of economical electricity were electrochemical plants 
located at Glomfjord in the late 19lt0s where earlier a British 
aluminum plant had proven unprofitable, and a new, large-scale 
aluminum plant established in the early 1960s at Mosjtten near Mo-i- 
Rana. These developments, together with the Mo-i-Rana steel project,
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have resulted in the creation of a significant industrial region in 

north Norway (Karpov, et al., 19&9, P* 300; Sommers and Gade, 1971, P* 

535).
Forestry and forest product industries continued to be the major 

economic base in northern Finland, with the Kemi River valley one of 
the most active regions. The majority of productive timberland is 

privately owned, but state participation and ownership in the wood- 
processing industry is extensive. Softwood processing factories and 
paper manufacturing plants were established in Kemi and KemijSrvi in 

the 1960's (Rea, 1976, p. 202-3; Mead, 1971*, p. 35).
Mining is a relatively small industry in Finland, but regional 

development policy and planning for northern Finland fostered the 
expansion of mining, metallurgical and chemical processing industries. 
Iron mines were developed at RaajSrvi and KSrvSsvaara on the Arctic 
Highway north of Rovaniemi, and at Kolari in the Muonio River valley. 
A chromite deposit at Kemi was developed in the 1960's, and a ferro- 
chromite plant was established at Tornio with a rail connection to 

adjacent Sweden (Mead, 1968, p. 197)* Finland followed Norway and 
Sweden in the establishment of an iron and steel milling center based 
on domestic iron ores and hydroelectric power although its location at 

Raahe on the Bothnian coast is more southerly. The capacity of the 
plant is somewhat less than the Mo-i-Rana and LuleS plants, but it 
accounted for nearly half of the ferrous metal production in Finland 

in the 1960's (Karpov, et al., 19&9, P* 300).
A significant factor in the post-war industrial development of
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Nordkalotten is the abundance of hydraulic energy and vigorous state 
efforts resulted in order-of-inagnitude increases in electric power by 
1965 (Karpov, et al. 1969, p. 295-6). In Sweden and Finland, most of 

the hydroelectric potential is located in their northern regions, 
whereas in Norway the preponderance of this resource is in the south. 

Even so, the hydropower potential of northern Norway played a crucial 
role in the industrialization of that region, primarily with respect 
to mineral-related developments. The majority of economically 

available hydropower is found in the county of Nordland, where state 

hydroelectric power plants at Glomfjord and at Rossaga Falls south of 
Mo-i-Rana supported the development of a diversified industrial 
region. These plants had a capacity of 600 MW in 1965» and were 
increased to about 1,000 MW in the 1970's. Other plants were 
established in Troms and Finnmark to supply the mineral and fish 
processing industries as well as community and defense needs. 
Altogether, north Norway produces about 12 percent of the national 

total of electrical energy (ibid., p. 298; Mead, 197^» P« 2k).
The Lule River basin in Norrbotten has a higher energy potential 

than any other river system in Sweden. It was tapped before World War 
I to power the Lapland iron mines and the Luled-Narvik railroad, and 

further exploited during the inter-war years to increase the size and 
efficiency of mines and to begin the development of metallurgical 
industry is the north. After World War II large-scale state-owned 

hydroelectric stations were built, and by 1965 electrical capacity on 
the Lule reached 1600 MW. Sweden had pioneered electrical power
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transmission early in the century, and "by the 1950's electricity from 
power plants in the northern and central regions were being delivered 

to southern Sweden over 380 kv power lines (Bergsten, 1968, P* 339)*
North Finland is less well endowed with hydropower resources than 

Nordland in north Norway, but it is the country's principal domestic 
source of energy. The Kemi River has the greatest altitudinal 
variation of the Finnish river systems, and the first large-scale dam 
and hydroelectric power station was completed in 19^9 in the Kemi 

estuary. By 1965 the developed capacity of the Kemi was 600 MW, and 
development of additional dams and power stations on that river system 
was planned for an estimated potential production of 5*2 x 10^ kWh 
(Smeds, 1968, p. 196). As in Sweden, electricity from Finland's 
northern rivers is transmitted southward as well as to more local 
consumers. In i960 power from the Kemi stations was being sent over 

1*00 kv lines (ibid., p. 197-8).
In addition to national electrical power grids, there are several 

international power ventures in Nordkalotten. Under a joint Soviet- 

Finnish venture, Finnish engineers built hydrostations in the upper 
Tuloma River valley to power the Soviet nickel plant at Nikel', the 

former Finnish nickel mine in the Pechenga (Petsamo) corridor. The 
hydropower of the Pasvik River dividing Norway and the Soviet Union 

has been developed jointly by those two nations. Also there are 
interconnections in the north between Sweden and Norway and between 

Sweden and Finland (Rea, 1976, p. 215-6).
The reconstruction, improvement and extension of overland
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transportation in Nordkalotten was an essential element of government 
programs for regional development. In north Norway, high priority was 

given to completing and upgrading the coastal Arctic Highway to 
Kirkenes, and establishing links to inland communities and connections 
with Sweden and Finland (Mead, 197^, P* ^2; Douglas, 1972, p. 210-22). 
The construction of a feeder road from Kautokeino in Finnmark to a 
copper mine west of there was noted previously. In Sweden a network 
of roads was established in the area between the Luled-Narvik railroad 
and the Finnish boundary to support the expansion of forest industries 

in the Kalix and Torne river drainage basins (Mead, 197^, p. ^2). A 
similar development occurred in the adjacent area of Finland with the 

reconstruction of war-damaged roads and the building of new roads. 
Finland lost the northern terminus of the Arctic Road from Rovaniemi 
to Petsamo (Russian Pechenga) to the Soviet Union, and a diversion was 

built from Ivalo to the Norwegian border where it connects with the 

Norwegian road system by way of Karasjok. Concurrently a second 
through road to Norway was completed by extending the Torne River 

highway northwesterly from Muonio 205 km (127 miles) up the Muonio 
River to join the Norwegian road from Skibotn, which had been improved 

as a military road during the German occupation (Platt, 1955, P« 270

271; Douglas, 1972, p. 179)*
Railway extensions were constructed by government in all three 

Nordkalotten countries to support mining and heavy industry. In 

Norway the railroad north from Trondheim, begun by the Germans during 
the war, was extended through Mosjflen and Mo-i-Rana, picked up the
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Dunderland railway from Mo to the nearby iron mines, thence north

easterly to join the narrow gauge lines feeding the Sulitjelma copper 
district. In 1963 it reached the port and administrative center of 

Bod8 (Rea, 1976, p. l8l). In north Sweden a rail spur was built from 
Kiruna southeastward to Svappavaara, about UO km (25 miles), where a 
new iron mine was developed in the early 1960's (Karpov, et al. 1969* 
p. 30U). Railroad construction was most active in Finland to provide 
access to mining and forest areas. The railroad northward from Tornio 

on the Gulf of Bothnia was extended to Kolari 175 km (110 miles) to 
serve iron mines and a cement factory in the district (Smeds, 1968, 
p. 196-7). Another railroad was started northward from the line in 

central Finland between Oulu and Outokumpu. By 1965 it had reached 
Taivalkoski, about halfway to the Kemi River, penetrating about 150 km 

(93 miles) into an extensive forest area.
The 25-year period following World War II saw a significant 

northward expansion of the mining frontier in Scandinavia, and the 
growth of diversified industry in that region. The transportation 

system expanded with road and rail development from the south and with 
road feeders and connectors inland from Norway's coastal Arctic Road. 

The only areas in Nordkalotten which are more than 50 km (30 miles) 
from an existing road, railroad or port are a strip in Sweden in the 
mountains of Norrbotten along the Norwegian border, and an area in the 
highlands spanning southern Finnmark and northern Lappi in Finland 
west of Ivalo. The Swedish frontier area is approachable by feeder 
roads leading northwest from the inland road and rail route between
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Ostersund and GHllivare. Electrical power could be supplied to this 

area from the hydro sites on the Luled River (Bergsten, 1968, P« 338
9). The borderland area of Lappi and Finnmark is surrounded on all 
sides by the interconnecting Finnish and Norwegian road nets. Finland 

appears to have the most interest in this region, with active explora
tion in Lappi being conducted by the Finnish Geological Survey and by 

government-owned mining companies (Mining Annual Review, 198I+, P* 

1+U2).
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THE SOVIET NORTH *
(Fig. lU)

The period immediately following the Great patriotic War was 
devoted primarily to rebuilding European Russia, and secondarily to 
continuing the expansion into Siberia. In the transportation sector 
emphasis continued to be placed on railroads. About half of the new 
railways planned for this period were to be in Siberia, but in the 
direction of Central Asia and south of the Trans-Siberian. In the 
European North, a road and later a rail spur were constructed from 

Murmansk to Pechenga and Nikel1 in the former Finnish Petsamo 
Corridor, to serve a nickel smelter established there in 19^6. The 
major activity in water transportation consisted of restoring equip
ment to pre-war levels.

The Khrushchev era, following the death of Stalin in 1953, saw 
major organizational and technological changes. Development east of 
the Urals continued to be a major objective, but diversity of industry 
and transportation were innovations. Organizational reforms included 
the establishment of regional economic councils, permitting some 

decentralization. Technological changes included: greater use of oil 
and natural gas; a switch from small and medium power plants with

* Except where otherwise noted, the information presented in this 
section is from the author's "Transportation Development in the Soviet 
North", in Louis Berger & Associates, Inc., (1980) Western and Arctic 
Alaska Transportation Study, prepared for the Alaska Department of 
Transportation and Public Facilities, with the permission of these 
organizations.
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Figure 14. Development of the Soviet North, 1980
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limited service areas to mammoth plants serving much larger areas by 
high-voltage, long-distance transmission lines; increased investment 
in the production of aluminum, petrochemicals, plastics and wood 

products; and a major expansion in mechanized agriculture.
The increased availability of petroleum fuels and electricity 

made possible the introduction of efficient diesel and electric 
traction on the railroads, with a subsequent decline in steam, and 
also an increase in motor transport, agricultural equipment and 

fertilizers. Regional self-sufficiency was encouraged and greater 
efforts to ameliorate the adverse living conditions in the north were 
initiated. Included among these measures was the establishment of 
incentives in the form of increased pay, leave, pension and housing 
rights, and improvements in living conditions. In the late 1950's 
there was a reduction of the mass forced-labor programs of the Stalin 
era, typified by Vorkuta, Noril'sk and the Kolyma gold fields 

(Armstrong, 1965, p* 152-158).
The strategic and political importance of the East had not 

diminished, and the drive for development *Ln that direction continued. 

The search for oil and gas in the vast West Siberian Basin was pursued 

vigorously, and a program was launched to exploit the timber resources 
of the extensive tayga belt east and west of the Urals. In the 
Arkhangel'sk and Pechora regions in the west a number of sawmills and 
wood processing centers were established, with a network of roads 
supplementing the river and rail routes. East of the Urals a number 

of spurs were laid northward from the trans-Siberian into new timber-
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felling areas.
The discovery of oil and gas in the giant West Siberian Basin 

between the Oh1 and Yenisey rivers in the 1950's launched a massive 

development effort. Rivers and winter roads were used initially, and 
rail lines followed which joined river routes to the Trans-Siberian 
Railway. Surgut became the service center for the oil fields, and a 

725-km (U50-mile) feeder rail line from Tyumen' was completed in 1975* 
The western segment of the Baykal-Amur Mainline (BAM), a trunk rail

road project north of the Trans-Siberian Railway, from Tayshet to 

Ust'-Kut was completed in 195^*
Construction of oil and gas pipelines in West Siberia began in 

1965. By 1985 more than 1*0,000 km (2l*,000 miles) of pipelines had 

been completed or were under construction in the Soviet North. Five 
interregional crude oil pipelines 1020-1220 mm (U0-U8 inch) in 

diameter and 12 interregional ll+20 (56 inch) natural gas lines have 

been constructed, including the l*l*51-km (2700-mile) Siberia-to-Western 
Europe gas line from Urengoy to the Czechoslovakian border, completed 

in 1981*. Several shorter lines transport gas from West Siberia to 
Noril'sk, from the Vilyuy field to Yakutsk, and from Sakhalin Island 

to Komsomol'sk in the Far East. Technology for the production of 

large diameter multilayer pipe capable of withstanding pressures of 
more than 100 atmospheres (1U7O psi) has been perfected, and 6 

additional ll*20-mm (56-inch) gas lines from north of the Arctic Circle 
in West Siberia to western Russia are planned for the 1986-1990 period 

(Central Intelligence Agency, 1985) P* 10-11 & 32-33; Ivanstsov, 1978,
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p. I18-U9 & 58; Oil and Gas Journal, October 10, 1977, P* 108, April 2, 
1979, P* U2, June lit, 1982, p. 28, April 25, 1983, p. 52-53).

A major program of hydroelectric development on the Angara and 

Yenisey rivers was undertaken in the 1950's to power industrial com
plexes based on oil and gas, minerals and timber. The first of these 
to be constructed in the northern region was at Ust'-Ilimsk, north of 
the Tayshet-Ust'-Kut line, where a rail spur was built in 1971* These 
large Siberian hydroelectric stations are providing energy bases for a 
major pulp and paper industry in Siberia and for the production of 

aluminum using bauxite from the Urals.
Extraction of minerals in the European North expanded with new 

discoveries and developments. In the Murmansk area new deposits of 
apatite-nepheline ores at Kirovsk, iron ores at Kovdor and Olenegorsk, 
and rare metals (niobium and tantalum) at Lovozero were put into 

production. Rail spurs were built to the nickel mines in the Pechenga 
district and to the Kovdor iron mines from the Murmansk line, and a 
feeder road was built eastward to Lovozero. The West Karelian Rail
way, a line paralleling the Murmansk Railway, was extended northward 

from the paper production center of SuojSrvi in southern Karelia. 
This line is to rejoin the Murmansk Railway south of Kandalaksha, and 

support a new iron mining center at Kostamush, developed by Finnish 
engineers in the late 1970's under a joint agreement (Strishkov, 1980, 
p. 598). Electrical power requirements for the expansion of mining 
and industry in this region were met initially by the development of 
hydroelectric power, importation of coal from Svalbard and the Pechora
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Basin. The limitation of available hydraulic resources and the high 
cost of coal led to the installation of a nuclear power plant near 

Murmansk in 197^*
The Murmansk-Karelia region has developed into a diversified 

economic complex with an extensive multimodal transportation system. 
Only the eastern part of the Kola Peninsula, which contains vast 
deposits of kyanite (an aluminum ore) remains in the remote and 
undeveloped category characterizing the term "North".

In the Dvina-Pechora basin coal production increased to 17-18 

million tpy (l8.3-19«8 million stpy). The oil-gas fields at Ukhta 

were expanded, and a new gas field 185 km (115 miles) to the east was 
developed. A gas pipeline system to the southeast was built and will 
eventually be part of a trunk system feeding gas from the northwestern 
Siberian fields to the Moscow-Leningrad area. The untapped timber 
between Arkhangel'sk and Ukhta was opened up initially by roads from 

Arkhangel'sk and from the Pechora railroad, and in the 1960's feeder 
rail lines were built into these areas. Pulp and paper mills were 
established at Syktyvkar, the capital of Komi ASSR, and at Kotlas. 
High-grade titanium ore has been discovered in the Ukhta region where 

there is already transportation and ample energy for processing it.
In the Siberian North additional ore bodies of nickel, cobalt, 

and platinum-group metals were opened up near Noril'sk, and the 
Dudinka-Noril'sk rail line was extended to Talnakh in the mid-1960's. 

Energy supplementing the local coal supply was provided by pipelines 
from the gas field west of the Yenisey River and a hydroelectric
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station on the Yenisey south of Noril'sk. These additional sources 
permitted the establishment of an electric-powered refinery.

In Siberia, several resource developments have prompted new over

land routes northward. A 2T^-km (170-mile) rail feeder line from 
Achinsk on the trans-Siberian to Maklakovo on the Yenisey River was 
built in 1963 to open up new timbering areas, provide access to the 
wood-processing complex at Yeniseysk, and serve mineral sites in the 
area, the most important being a large lead deposit on the lower 
Angara discovered in 1956. This line supplements a road built earlier 
from Krasnoyarsk to Yeniseysk.

The construction of the Tayshet-Ust'-Kut railroad and the Bratsk 
hydroelectric plant made possible the development of a large iron ore 
deposit at Zheleznogorsk, 137 km (85 miles) east of Bratsk. The 
mining town was established in 1958 and iron ore concentrate 

production began in 196^-65* Hydroelectric plants at Bogucheny and 
Ust'-Ilimsk on the Angara River are also served by rail feeder lines 
from the vicinity of Tayshet and Zheleznogorsk, respectively.

North of Lake Baykal, Bodaybo is located at the head of naviga
tion on the Lena River. It is the supply center for the Lena 

goldfields and mica mines in the vicinity, and a local narrow gauge 
railway system serves the district. The construction of a hydro
electric plant and the introduction of a large dredge in the early 
1960's improved the gold output over the earlier manual methods.

Farther to the north in Yakutia is the principal diamond- 
producing district of the Soviet Union. Kimberlite pipes similar to
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those in Africa were discovered at Mirnyy in the mid-1950's, and later 

others were found as far as 300 miles to the north in the Anabar River 
valley. Mirnyy developed rapidly as the service center for this 

district. Access was initially by winter road from the Trans-Siberian 
via Yakutsk, a distance of 200 miles, and later a road was built from 
the Lena River. By the 1980's diamonds became the third largest 
source of foreign exchange, after oil and gas, for the Soviet Union, 
which is believed to be the second largest producer of industrial 

diamonds (after Zaire) (Shabad, 198U, p. TOT)*
■ The Kolyma gold district expanded northwest to the Indigirka 

River, to which a feeder road was built from the Magadan highway 

system through Ust'-Nera. In 1955 a thermal power plant was installed 

at Arkagala, using local coal to provide power for electric dredges in 
the district. The first dredge went into operation in 1950, and by 

1963 there were seventeen dredges in the district producing TO percent 
of the gold output. In the tin-producing Yana River region, 

Verkhoyansk remained a service center but tin production shifted 

northwards to Deputatsky. A winter road from Ust'-Kuyga on the Yana 

supplied this location. Tin has long been in short supply, and prior 

to 1980, China was a major supplier of Soviet needs. Since the 
deterioration of Sino-Soviet relations, the USSR expanded tin explora

tion and development in eastern Siberia and the Soviet Far East. It 
is estimated that by the early 1980's Soviet tin production increased 
to around 30,000 t (33,000 st), about half that of Malaysia, the 

world's largest producer (ibid., p. T05).
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In the far northeast corner of the USSR, the Chukchi region, tin 
had "been discovered near the Arctic coast in the 1930's near the 

Northern Sea Route port of Pevek. Gold and mercury were discovered 
later to the east, and a thermal power plant was built in Pevek to 
supply the district using ship-borne coal. Another gold field was 
discovered southwest of Pevek, and in i960 the town of Bilibino was 
established. The first floating dredge in this district was brought 
in to Bilibino, and to power it a 300-mile transmission line was 

strung from Pevek. During the 1960's a new port was developed at 
Zel&nyy Mys on the mouth of the Kolyma River, with a floating power 

plant anchored and fueled with coal from deposits upstream. A winter 
road and power line lead to the Bilibino district. Because of the 

high cost of delivering conventional electricity, a 1*8 MW nuclear 
power plant was installed at Bilibino in the 1970's.

Another mining district was established in the 1950's on the 

Chukchi Peninsula to exploit tin and tungsten deposits at Iultin. The 
center is served by a 177-km (110-mile) road and power line from the 
port of Egvekinot on the Bering Sea. A thermal power plant at the 

port burns coal shipped from mines on the Bering coast south of 

Anadyr.
The 1950's also saw the introduction of a fleet of Finnish-built 

icebreakers of the 10,000hp and 22,000hp classes and the worlds' first 
nuclear-powered icebreaker, the l*U,000hp "Lenin". The length of the 
shipping season on the Northern Sea Route was extended on both ends, 
with the segment between Murmansk and the Yenisey being extended to

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



132

six months. A second nuclear powered ice breaker, the "Arktika" at 

75»OOOhp, was launched in 1975 and in 1977 succeeded in reaching the 
North Pole; a third, the "Sibir", is a sister-ship to the "Arktika". 
The possibility of year-round operation exists but the shallow waters 
of the Northern Sea Route limit the capacity of shipping.

The Khrushchev regime came to an end in 196U, partly because of 
the declining state of the economy and failures in meeting planned 
goals. The regional councils were abolished and their functions once 
again assumed by the economic ministries of the central government. A 

system of nineteen economic regions was established and some degree of 
regional independence encouraged in such perishable or bulky products 
as vegetables, milk, meat, building materials and domestic fuel. 

Integrated management of mineral production and auxiliary services for 
the local population was retained, however, in certain areas of the 
north, specifically the Noril'sk, Vorkuta, Yakutia, and North-Eastern 

(Magadan region) industrial combines.
Emphasis swung back to resource-oriented, power-intensive activi

ties which would contribute to the national economy. More efficiency 
in planning and in the use of resources was sought, and the develop
ment of eastern resources continued. Foremost among the latter were 

the continued expansion of North Siberian oil and gas production and 
the establishment of two of the Soviet Union's largest petrochemical 
complexes, at Tobol'sk in the Tyumen' region and Tomsk on the upper 
Ob' River, each supplied with gas liquids from the West Siberian oil 

fields.
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Since the end of the massive forced-labor system of the Stalin 
era, out-migration from the eastern region has hampered the main
tenance of a labor force to support the expanding resource development 

and production activities despite incentives such as wage increases 
and amenities introduced during the Khrushchev era. A philosophy of 
"settlement for settlement's sake" in the east and north has given way 
to a tendency toward the application of technology (including foreign) 
to improve the productivity/manpower ratio. A consideration of the 
"distant work-shift" system, analogous to Prudhoe Bay in Alaska, would 
use existing population centers such as Omsk and Novosibirsk as bases 
rather than locations closer to the activity, e.g., Surgut, and 
Naydym. In the Far East, where the "distant work-shift" concept had 
been pursued since the end of the forced labor era, capital expendi
tures have been in excess of expected returns and the region is in 

effect subsidized because of the strategic location of the region as 
well as its production of precious minerals and high-value ores. 
Shipments into this region are three times the weight of shipments 

out.
The Soviet North has a major portion of the national new railway 

construction underway and planned. In west Siberia a 6UU-km (U00- 
mile) line from Surgut north to the gas field at Urengoy was completed 
in 1980. The Baykal Amur Mainline (BAM) completed in I98H, together 
with its extensions to Tayshet on the west and to the Pacific port of 
Sovetskaya-Gavan', east of Komsomol'sk, is nearly U300 km (2,700 

miles) long, more than half the length of the existing Trans-Siberian.
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The estimated cost of this ambitious project is 3-0 billion rubles, 
about $3*8 billion at the official rate of exchange. Intersecting 
feeder lines are the "little BAM" paralleling the road north to 

Yakutsk from Bolshoy-Never on the Trans-Siberian to the Chul'man coal 
and iron deposits south of Aldan, and in the eastern section a line to 
the Urgal coal fields in the Bureya River valley (Shabad and Mote, 

1977, p. 77).
A major copper ore deposit at Udokan is the most important 

resource along the BAM route. This deposit will be mined by the open 
pit method at a rate of 20 million (22 million s.t.) of 2 percent 

copper ore containing 1*00,000 t (1+1*0,000 s.t.) of copper annually, and 
the district may eventually become the richest copper area in the 
USSR. Development along the BAM route is anticipated to be in the 

form of territorial production complexes with major towns centered on 
accessible resources and isolated from each other. This is consistent 
with the current policy in northern Siberia and the Soviet Far East.

Railroad routes in the north presently planned but not yet under 

construction include two major projects, the North Siberian Railway 
and the extension of the Tyumen'-Surgut-Urengoy line. The former will 

extend eastward from Surgut along the Ob' Valley, crossing that river 
at Kolpashevo (terminus of a road from Tomsk), thence via the feeder 
railheads of Belyy Yar, Maklakovo (near Yeniseysk at the confluence of 
the Angara and the Yenisey), Bogucheny, and Ust'-Ilimsk, where it will 
join the feeder line to the Tayshet-Ust'-Kut section of the BAM. This 

route would extend the northern parallel of the Trans-Siberian to
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Tyumen1 on the order of 3200 km (2,000 miles), making a total of 
almost 8000 km (5,000 miles), nearly all of which lies in the Soviet 
Worth.

The second planned project is the northward extension of the 
Tyumen'-Surgut-Urengoy line to Dudinka on the lower Yenisey, possibly 
in the 1980's, providing year-round southbound shipments of metal 
products from Noril'sk. It is expected that the Noril’sk complex may 
become one of the world's principal sources of nickel, along with 

platinum-group metals and co-products such as copper, cobalt, 
selenium, tellurium, gold and silver. Another possible link is a line 
to Salekhard on the lower Ob', joining the Pechora line through 
Vorkuta to the European Russian rail net. Construction of a railroad 
from Salekhard via Nadym (now a center for gas pipelines of the 

Urengoy field) to Igarka on the Yenisey was begun during Stalin's time 
but later abandoned. About 85 miles of this line has been recon

structed from Urengoy to Nadym as a service line.
National Policy and Economic Choice

It is clear from the foregoing that the major national objectives 

of exploiting the natural resources of the region north and east of 
the Russian center in Europe to develop industrialization and the 

national economy, and of maintaining political and strategic control 
over this vast region, have remained virtually unchanged since the 
time of Peter the Great. That this policy has continued is evident 
from a statement made in 1971 hy the Chairman of Gosplan's Council for 

the Study of Productive Forces for the USSR, Academician N.N.
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Nekrasov: "It is now quite clear that the future of our productive
forces as a whole depends largely on the organization and pace of 
development of our northern territory" (Armstrong, et al., 1978, p. 

70). The Soviet regime based its economic system on the concepts of 
rigid central planning and a high level of economic self-sufficiency. 
The degree of autarky achieved is indicated by an assessment of the 
value of imports as a percentage of the gross national product. In 
the late 1960's the USSR imported about two percent compared to five 

percent (at present about eight percent) for the U.S., 15 to 20 
percent for France, West Germany and the U.K. and around ^5 percent 

for the Netherlands and Norway. Exports are limited to surpluses 
which can provide capital, such as diamonds, gold, timber, oil and 
gas, and canned fishery products.

National needs and economic efficiency rather than regional or 
world market prices are primary criteria for deciding whether or not 

to develop natural resources. "Actual or estimated costs of 
production in the U.S.S.R. are not a prime factor in the selling price 
of a commodity on the domestic or international market. The Soviet 

system permits the establishment of selling prices at any level 
required to meet political or economic requirements. Therefore, many 

mineral ventures in the Soviet Union would be uneconomic by Western 

standards." (Strishkov, 1980, p. 580).
In the northern regions development is considered expedient when 

the value of the product or rate of production make the labor 
productivity equal to or higher than that in long-settled regions
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despite the cost-raising factors of the area, or when development is 
dictated by a national need for raw materials not available from other 
parts of the country.

The development of large-capacity transportation routes in the 
Soviet North was influenced strongly by the location of mineral, 
energy and timber resources. Although motor transport developed 
rapidly in the Western world, in the Soviet Union the emphasis on 
development of heavy industry favored the extensive use of railroads 
for hauling large volume of freight. Rail remains the dominant mode, 
although the percentage of rail traffic nationwide has declined some
what in recent years due to increases in road and pipeline movement. 
The relative importance in 1968 of surface transport modes in the 
economic regions which include the Soviet North is shown in Table 3* 
It should be noted that the heaviest rail traffic in the two Siberian 
and the Far East regions is outside the northern zone.

Table 3
Relative Importance of Transport Modes By Region 

(in percentages)

Economic Region Sea River Rail Road Pipel:

Northwest 3 8 85 k —
West Siberia — U 83 3 10

East Siberia — 5 89 3 k

Far East 22 6 67 5 1
USSR 2 6 8k k k

Source: Cole & German, A Geography of the USSR, 1910,
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The choice of mode to serve a new location in the Soviet North is 
based on a number of factors which include topography, relation to 
water routes, type of goods moved, value/weight ratio, quantities, 

direction and length of haul, transportation technology and the 
anticipated extent of diversification in the functions of the location 
to be served. It should be noted that strategic considerations may 
enter in the decision process. It is probable that the deterioration 
in Sino-Soviet relations in the 1960's influenced the implementation 

of the BAM line, 300 miles inland from the Chinese border.
In the European North, the abundance of waterways, the relative 

proximity to ports and to the central long-settled region of European 

Russia, and the generally less harsh environmental conditions south of 
the tundra zone have favored the more complete development of inter
connecting routes, both rail and highway. The principal long-distance 

feeder line in the west is the Pechora railroad to Vorkuta and its 
extension to the Ob' River.

East of the Urals, the Trans-Siberian Railroad was conceived as a 
mainline route between the established rail net of European Russia and 
the Pacific port of Vladivostok. It fulfilled the dual purposes of 

joining the extended reaches of the nation and opening up the interior 

regions to settlement and to the development of resources to supply 
the econony of the nation. In this respect it paralleled the trans

continental railroads of the U.S. and Canada. In addition to develop
ment along its corridor, it became a spine route with feeders (river, 

rail and roads) north and south of its axis.
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In the south, the feeder routes tended to link up in the forma
tion of unified regions of diversified functions in the Kazakh 
Republic and southern Siberia. North of the Trans-Siberian and in the 

Far East feeder routes generally penetrated north from the trans
continental rail corridor, and inland from the Pacific and Arctic 
coasts to locations isolated from each other by hundreds of miles. As 
a consequence, development of natural resources in the major part of 
the Soviet North occurs in enclaves of a nuclear or "island" type.

In the central planning system of the Soviet government, regional 
economic development based on natural resources proceeds from the 
establishment of industrial nodes, i.e., primary production complexes 
for the extraction and primary processing of the resource. In areas 
■with a variety of resources or proximity to other industrial and 
population areas, "territorial production complexes" (TPC) develop. 

These constitute "integral combinations of productive forces based on 
an interdependence of production processes that are established on the 
bases of the long-term goals of Communist society in particular areas 
of the USSR (in light of existing natural and economic conditions) and 
represent elements of the national economic complex" (Privalovskaya,

1979)-
The European North and Western Siberia are in a zone of moderate 

economic development, while the remainder of the Soviet North is 
largely undeveloped. The Murmansk-Karelia section of the European 
North and the Middle-Ob1 section of Western Siberia around Surgut have 
formed territorial production complexes. To the south are several
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major TPC's in the Trans-Siberian railbelt. Isolated industrial nodes 
are located in the northern sector between the Pechora Basin, the 

lower Yenisey, in the Yakut ASSR and in the Amur River area. Only 
scattered resource development locations (extraction of high value, 
low bulk resources) with a minimum of service facilities are found in 
most of the far North East area.

The development of an industrial node and eventual evolution into 

a TPC is dependent upon large capacity surface transportation and a 
supporting base. With the exception of Noril'sk and the far North

East, which are mainly supported by seaport bases, the industrial 
nodes and TPC's in the Soviet North are based on trunkline railroads. 
The typical sequence of development of a territory eventually to be 

supported by a mainline railroad is shown in Table 1+.
Examples of this sequence currently in process are Udokan 

(copper) and Chul'man (iron and coal) between Lake Baykal and the 
Pacific Coast to be served by the BAM route, and Surgut (oil, timber 
and fish) in Western Siberia on the Tyumen'-Urengoy line. The termini 
of the several rail spurs into timber areas north of the Trans- 
Siberian are also potential candidates for further development as a 
consequence of the construction of a North Siberian line.

The eastern half of the Soviet North is the least developed 
economically, with isolated industrial nodes within regions of 

scattered resource development, mainly the extraction of high-value, 
low-bulk minerals from deposits of sufficiently high grade to warrant 

production. Most of the coal and timber produced are used for local
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Table 1+

Stages and Type of Impact of Railroad Base 
On Development of New Territory

Impact Stage
Function of Access to New 

Base Territory
Consequences Type of 
of Impact Impact

Preparatory Exploration Waterways, air Initial in- Pioneering 
and study roads, winter frastructure

Investment Mobilization Railroad spur 
and/or con
struction of 
building mod
ules and 
materials

Full in- Pioneering
frastructure

Exploitation Final pro
cessing of

Railroad
mainline

resources

Formation of Region- 
specialized forming 
complexes for 
extraction and 
processing of 
resources

Source: Sigalov, 1980, "Railroads As a Base for the Economic
Development of Sparsely Populated Regions."

needs. As a result, freight shipped into this region exceeds out
bound freight by a factor of three. Within this region, some intra- 

regional links have developed, with Yakutsk and Magadan as the major 

transportation centers. Ocean routes in the Arctic and Pacific 

waters, the inland waterways, and an extensive network of motor 

routes make up the major surface transportation system.

The harsh climate, rugged terrain, intraregional isolation and 

remoteness from the industrialized areas of the Soviet Union are
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factors tending to retard the development of TCP's in this region. 
The iron and coal deposits of the Chul'man area south of Yakutsk 
offer a potential of large annual production tonnages, and the spur 

rail line northward from the Trans-Siberian and intersecting the BAM 
at Tynda provides the needed transportation access. Except for this 
rail spur, the Soviet Northeast, a region more than three times the 
area of Alaska, is served by about 1+0,000 km (25,000 miles) of motor 
routes. Less than a third of this network consists of year-round 
highways, the remainder being winter roads or seasonal dirt roads. 

The low annual tonnages and long distances do not justify rail 
construction, and year-round roads are built from major transporta

tion and production centers for sustained annual traffic. The more 
extensive winter roads are considerably lower in construction costs, 
using ice rather than expensive bridges for crossing water obstacles. 

The higher operating costs are justified by the high unit value of 

products. The most immediate possibility of heavy traffic expansion 
in the Far East region is the corridor between the Trans-Siberian and 
Yakutsk, with the extension of the Chul'man rail spur to that city.

The decision as to whether or not to establish transportation 
facilities, unless strategic considerations prevail, is generally 
based on national and regional socio-economic needs. This is not 

always the case, however, as evidenced by the attempted construction 
of the arctic rail line from Salekhard on the Ob' to Igarka on the 

Yenisey, which was abandoned after some 1+80 km (300 miles) of roadbed 
had been laid. The choice of mode may be obvious, (e.g., the use of
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heavy-1ift helicopters to expedite construction of an urgent pipeline 
in a completely isolated area), or may require extensive study and 
detailed analysis (e.g. the decision to extend the rail line eastward 

from Surgut to supplement Ob' River traffic).
National security considerations have assumed increasing 

importance in Asiatic Russia during the post World War II era, 

intensified by the Cold War and the Sino-Soviet rift. The distribu
tion of ground, air, missile, and naval bases has proliferated, 

increasing the infrastructure requirements of the region. The Pacific 
Fleet comprises nearly one-third of Soviet naval forces, from which 
the ports of Vladivostok, Sovetskaya Gavan' (the terminus of the BAM 
railway) and Petropavlovsk have been enlarged, and several new ports 
built. Submarine and strategic bomber bases have been established 

from the Kuriles to the Chukotskiy Peninsula, 100 km (60 miles) from 
St. Lawrence Island (Stephan, 1975> P» 62). About one-fourth of 
Soviet ground and tactical air forces are based in Asia, chiefly near 
the Chinese border (Ellison, 1982, cited in Dienes, 198U, p. 199)* 
Medium range (SS-20) and inter-continental ballistic missile sites 

have been established east of the Urals from Kazakh SSR to the Amur 

Basin (NATO Information Service, I98U, p. 37)* The majority of 
defense installations in the Soviet East are supported by the trans- 
Siberian (and BAM) railbelt and ports on the Japan Sea coast and 
Kamchatka. Those farther north, like the northeastern mines, are 
isolated enclaves depending on the Northern Sea Route and nearby fuel 

sources where they are available.

1A3
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Technology
The adaptation of technological advances in the Soviet North has 

been both innovative and adaptive. The engineering problems of 

construction in permafrost regions have been recognized for many 
years, and the use of insulation to reduce subsidence was first 
applied to railroads in the form of peat underneath the ballast 
course of the railbed. The use of natural ice as a base for both 
rail and motor transport has been practiced for many years. An 

example, although outside the study area, is the rail crossing of the 
Amur River between Komsomol'sk and the port of Sovetskaya Gavan' on 

the Sea of Okhotsk. Between 19^5 and 1975, at which time a bridge was 
constructed, the crossing was negotiated by ferry in the summer and by 
tracks laid on the ice during the winter, with a month-long inter
ruption in service during break-up and freeze-up. Research in the 

physics of ice and frozen ground has become quite sophisticated and 
the Soviet Permafrost Institute has achieved world recognition.

The BAM project was a major challenge to Soviet techology in 
that permafrost and adverse soil conditions extend over two-thirds of 

the route, and it traverses some 600 miles of areas of seismic 
activity with possible intensities up to 9*0 on the Richter scale. 
Recorded quakes greater than 7*0 have occurred in the Lake Baykal 

rift region, with a maximum of 7*9 in 1957* The impacts of 
earthquakes in periglacial regions can be widespread. Avalanches, 
landslides, mudflows and permafrost disruption with consequent 

thermal subsidence may be triggered over a wide radius from the

lUU
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epicenters. Intensive environmental studies have been and are being 
done, including the use of remote sensing techniques, and efforts are 
made to integrate these results into the overall design.

The two strongest disciplines are in permafrost and in 
earthquake research and engineering. Measures to reduce earthquake 
hazards include detection and avoidance of high intensity zones, 
design of special reinforced concrete abutments and bridge supports, 
and the development of earthquake resistant concrete frames for 

buildings which will be elevated on adequate foundations. Permafrost 
engineering measures include the use of special retaining walls on 
steep slopes, appropriate thicknesses of subgrades and ballast (up to 
1.8 m [6 feet] thick), and the use of reinforced concrete piling 
driven into deep boreholes and insulated with perlite (a volcanic 

rock composed of small spheroids) for structural foundations. Track 
is elevated on multi-span trestles over zones of massive ground ice, 
and in regions of discontinuous or sporadic permafrost, preliminary 
thawing or wholesale excavation of frozen ground may be resorted to. 

Insulating vegetation is disturbed as little as possible.
The Soviets have employed tracked vehicles for off-road movement 

in the North and for winter truck roads since the mid-1930's, some
what later than their introduction in North America. Extended use of 
off-road transportation has resulted in the development of a variety 
of excellent cross-country vehicles, from small oversnow vehicles to 
high speed tractors capable of pulling sleds or tractor-trailer loads 

of 30 to 60 t (33-66 st) at speeds up to 2U kmph (15 mph), and
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durable heavy-duty truck-trailer combinations for use on winter 
roads. A long-standing complaint among users of trucks in the 
northern environment has been that the equipment provided was 

designed and produced in the temperate climate of the large 
industrial areas. The consequences are reduced reliability and 
durability together with greatly increased down-time and high 
maintenance costs in the North. In recent years more attention has 
been paid to the development and use of cold-resistant materials and 

lubricants, insulation, heaters, and maintenance facilities, and to 
increasing the strength of frames, axles, and drive trains.

Soviet technology in marine and river transportation including 
the possible use of air-cushion vehicles on northern rivers is 
described in Louis Berger and Associates, 1982, Volume III, Appendix 

6.1. The Port of Dudinka, serving the Noril'sk area, is kept open to 

Murmansk traffic year-round, except for a month-long spring break-up 
period when the port facilities are unusable due to ice jams and 
flooding. In 1982 more than 6 million t (6.6 million st) moved 
through Dudinka, half over the North Sea Route and half on the 
Yenisey River. Much of the North Sea Route tonnage consisted of 

excess concentrates from the Noril'sk mines destined for refining at 

Monchegorsk on the Kola Peninsula (Bond, 198U, p. 116-7)*
The port at Magadan on the Pacific Coast is kept open year-round 

by ice-breakers maintaining a 5^5 km (UOO-mile) lead through ocean 
ice during the winter, and a covered container-handling and storage 
facility has been constructed. This year-round capability permits

1U6
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the efficient transfer of freight between ship and truck with minimum 
delay and storage time during the winter season when the majority of 

the region's inland transportation system is operable.
Technology in other fields affects transportation both directly 

and indirectly. The intensive development of electrical power and 
high-voltage technology led not only to the electrification of much 
of the Soviet rail system, but also to the design of dams in perma
frost regions and hydroelectric power plants capable of operation 

under severe icing conditions. This made it possible to supply power 
over grids many hundreds of kilometers in length with voltages as 

high as 750 kv or more. This not only relieved the railroads of 
considerable long-haul shipments of coal, but also permitted the 
development of energy-intensive mining and industries in the Soviet 
North and its peripheral regions.

The Soviets are catching up in mining, mineral processing and 
deep drilling technology, with considerable input from the Western 
World and Japan. Examples are the installation of a 32-km (20 mile) 
slurry pipeline at Noril'sk using West German slurry pumps to 
transport copper-nickel concentrates to the Finnish built flash 
smelter, the construction of a modern iron ore pelletizing plant at 

Kostamush in Karelia, Japanese motor transport and excavating equip
ment for the surface coal mines near Chul'man in southern Yakutia, 

and the Soviet innovation of turbo-drilling (Levine, 198U, p. U73-5; 
Shabad and Mote, 1977, P* 89-90; Strishkov, 1980, p. 581-3).
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THE CANADIAN NORTH 
(Fig. 15)

The resumption of economic development in the Canadian North 

after World War II was influenced by several factors. One was a 
significant expansion of infrastructure in the form of roads, air
fields, communications, navigation equipment, living accomodations and 
maintenance facilities constructed by the U.S. and Canada for military 
use during the war years and for the "cold war" with the Soviet Union 
which followed. Concommitantly, these massive defense efforts 
developed a high degree of expertise within the civilian sector in 
construction, logistics, and operations under the adverse conditions 
of the northland, and also an "uneasiness in Ottawa toward the large 

U.S. presence in Canadian territory which prompted the design of a 

new policy for Canada's North"(Judd, 1969* P* 595)•
The new policy enunciated several objectives. The first was to 

maintain Canadian sovereignty and security in the North. The Royal 
Canadian Air Force was assigned the mission of aerial reconnaissance 
and photography of the Canadian Arctic mainland and islands in 19^6. 
Concurrently the Royal Canadian Mounted Police occupied their northern 
posts, closed during the war, and expanded their Northern Division. 

The airfields of the Northwest Staging Route were taken over by the 
RCAF, and the Army assumed responsibility for the Alaska Highway 

(Judd, 1969* P» 595)• Secondly,a more representative and efficient 
government of the Yukon and Northwest Territories was evolved by 
providing for elected members to the Northwest Territories Council,

11*8
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and in 1953 by the establishment of a new cabinet Ministry, the 
Department of Northern Affairs and Natural Resources. In 19&7 the 
territorial government of the Northwest Territories was established at 

Yellowknife and significant powers and responsibilities were trans
ferred from Ottawa. In 1969 the Canadian Defense Force Northern 
Headquarters was established in Yellowknife. A third objective was to 
improve the living conditions and well-being of the indigenous popula

tion in the North with the establishment of public health facilities, 
schools, Native cooperatives, and housing development (ibid., p. 57
9). Fourthly, major emphasis was placed on the economic development 
of the Canadian North.

At the Dominion level, responsibility for coordination of social 

and economic development policy and planning north of the 60th 

parallel had been vested in the Department of Northern Affairs and 
Natural Resources, which was replaced in 1966 by the Department of 
Indian Affairs and Northern Development. Before the 1970's, the 
federal government also maintained a strong social and defense 
presence in the provincial North, while the provincial governments 

looked primarily to economic development in their respective northland 
(Weller, 1983, p. ^82). Government promotion of economic ventures in 
the North included investment in transportation and electrical power, 

assistance in prospecting and exploration for minerals, town planning 
and development, joint venturing with private firms, and occassionally 

sole ownership of resource development under Crown corporations.
In the decade following World War II the pre-war attitude of
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government following private development with a few essential services 
had changed to a policy of government encouragement under which public 
investment in infrastructure would be made only where private 

investment led in commercially feasible areas. A significant policy 
shift toward resource development occurred when Prime Minister 
Diefenbaker took office in 1957* Under his leadership public 
investments were made to attract private investment in productive 
capacity. The federal "Roads to Resources" program was initiated in 
1957» and the provinces followed suit with infrastructure projects 
under provincial, provincial-industry and provincial-federal arrange
ments (Weller, 1980, p. 12-13).

In the 1950's and 60's resource development boomed in the 
Canadian North, a result of favorable market conditions as well as 

favorable government policies. The most spectacular mineral develop
ments took place in northeastern Canada, where the huge iron ore 

deposits in the Labrador Trough were brought into production entirely 
by vertically-integrated private enterprises to replace the depleting 
iron ore reserves in the Great Lakes region. These deposits were 
discovered in 1893 by the Canadian Geological Survey, but efforts to 
develop them prior to World War II were unsuccessful. It was not 

until the possibility of high-volume shipping by ocean-going vessels 
to the U.S. and Canadian industrial heartland in the Great Lakes 

region became imminent that the large-scale development of these 
remote deposits became economically viable. Conversely, the potential 
traffic from the Labrador deposits was a significant factor in the
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decision to launch the joint U.S.-Canadian St. Lawrence Seaway project 

(Wallace, 1977, p. 32).
A binational consortium with a preponderance of U.S. steel firms 

formed the Iron Ore Company of Canada in 19^9* In the early 1950's 
the company developed the first mine in this area, with equipment and 
supplies for the mine and a nearby hydroelectric plant flown in. A 
57^-km (357-mile) rail line, the Quebec, North Shore and Labrador 
Railway (QNSL) was built by the company from Sept Isles on the St. 

Lawrence North Shore to the mine site in 195^* The company built a 
deepwater port at Sept Isles for transfer of the ore from rail to 
ship, and constructed the town of Schefferville at the mine site, 
under government-approved town plans. The mine began open-pit opera

tions in 195^* In the late 1950's Iron Ore of Canada developed 
another deposit east of the QNSL line midway between Sept Isles and 

Schefferville. This project included an automated pellet plant with a 
capacity of 15 million t (17 million st) annually, a 6U-km (UO-mile) 
spur to the QNSL, and the company town of Labrador City. Power was 
supplied by a British financed 130 MW hydroelectric development some 

160 km (100 miles) to the east (Rea, 1976, p. 589)*
Another deposit about 13 km (8 miles) from the Labrador City mine 

was developed in the early 1960's by Wabush Mines, another consortium 
of Canadian and U.S. steel companies. This firm used the QNSL railway 
and Iron Ore of Canada's power supply, but built its own pellet plant 
and port at Pointe Noire, a few kilometers west of Sept Isles. 

Company towns, Wabush and Fermont, were established in the mining
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area. A third integrated iron-mining development occurred in the 
1960's about 160 km (100 miles) southwest of Labrador City. Quebec 
Cartier Mining Company, a subsidiary of U.S. Steel, developed a large- 
scale open-pit mine, built a concentration mill on the site, 
established its own 60 MW hydroelectric plant on a nearby stream, 
built a new town, Gagnon, to serve the mine and mill, and laid a 306
km (190-mile) railway in i960 from its new port, Cartier, on the North 
Shore. Associated with this iron ore production was the development 

of large titanium (ilmenite) deposits about 200 km (125 miles) east of 
Sept Isles by a joint venture of two U.S. firms, Kennecott Copper 
Corporation and the New Jersey Zinc Co. In 1950 a U3-km (27-mile) 

company railway connected the mine with the docks established at Havre 

St. Pierre (Legget, 1973, p. 192-3; Rea, 1976, p. 59-60).
West of the Quebec-Labrador iron district the provincial 

governments furthered forestry developments in the subarctic forest 

belt, mining in the Canadian Shield and Cordillera region, and fossil 
fuels in the northern Interior Plains. Large integrated pulp and 
paper industries were established, particularly in western Canada 
where the subarctic forests were relatively untouched prior to World 
War II. The provincial governments were instrumental in these 
developments in that they owned the resource base, and supported 
private companies by hydroelectric development, road construction, 
entering into direct partnership agreements with private companies, 

and on occasion, taking over a floundering private enterprise. 
Generally, these forestry-based centers were in the southern fringe of
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the North, on major rivers or rail lines. Most of the subarctic pulp 
and paper production is exported to the U.S. and Europe (Rea, 1976, p. 

70-3).
A number of non-precious metal mines were opened up in the 

provincial North as a result of increased foreign market demands. 
Most of these involved the extension of public railroads and the 
availability of adequate electrical power. In northwestern Quebec two 

new base metal districts, Chibougamau and Mattagami, were brought into 

production. Copper-gold deposits were discovered in the Chibougamau 
district around 1900, but low metal prices and high development costs 

discouraged active work prior to World War II. The Quebec government 
in 19bj built a highway from the Lac St. Jean area, inland from the 

St. Lawrence North Shore, where large paper and pulp mills and alumi
num refineries based on hydropower from the Saguenay River are 

located. The provincial utility company, Quebec Hydro, supplied power 
from the Lac St. Jean area, and mine production began in 195^* 
Production increased after a 520-km (323-mile) rail loop was con
structed from the Canadian National Railway (CNR) near the Noranda- 
Rouyn district northeastward to Chibougamau and then eastward to Lac 

St. Jean in 1957-60. Copper-lead-zinc deposits in the Mattagami 

district, west of Chibougamau, were developed in the late 1950's, 
supported initially by a lfl-km (110-mile) provincial road built in 
1951 from the CNR mainline, and a parallel Quebec Hydro power line. 
Later a 97-km (60-mile) rail spur was extended from the Chibougamau 

loop (Ibid., p. 60).

15U
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The major new mining developments in Ontario in the 1950 and i960 

boom decades occurred south of the CNR mainline, requiring minimal 
additional transportation facilities. The most important of these 

were the development of the Manitouwadge copper-zinc-silver-lead 
deposits north of Lake Superior, which had been discovered in the 
1930's; the discovery in 1 9 6k of an enormous copper-silver-zinc ore 
body near Timmins, and its subsequent development which included 
smelters and refineries for zinc, copper and cadmium; and the large- 

scale uranium development at Elliott Lake. The Elliott Lake deposit, 
east of Sault Ste. Marie, is the largest uranium ore body found in 
Canada (ibid., p. 60-2). This region went into a decline when the 
U.S. demand for imported uranium ended in i960, but production resumed 
in the 1970's to supply nuclear power plants abroad, notably in Japan 
and Spain (Canadian Mines Handbook, 1976-77, p. 102-U). In the Red 

Lake district near the Ontario boundary, where gold mines were 
developed by air support before World War II, additional gold and base 

metal developments have been aided by provincial road extensions.
In northern Manitoba the principal post-war mineral event was the 

1956 discovery of large nickel reserves at Thompson, U8 km (30 miles) 

from the Hudson Bay Railway by the International Nickel Company (later 
Inco). Development of underground mining was begun with equipment 

transported by tractor-sled trains, followed by the construction of a 
CNR rail spur. The company built a 5*^0 tpd (6000 stpd) concentrator 
and electrolytic refinery which began production in 1961. Hydro

electric power was supplied by a Manitoba K(ydro plant on the Nelson
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River 80 km (50 miles) to the northeast, in which the company shared 

the capital cost (Rea, 1976, p. 62-3). During the 196o's, other mines 
were opened in the nickel belt extending southwest from Thompson, 

which were connected by a 67-km (l*2-mile) company railway. The 
processing plant was expanded to handle 18,000 t (20,000 st) of ore 

per day (Canadian Mines Handbook, 1976-77* P» 162). Thompson, founded 
by the company in i960, became the largest city in northern Manitoba, 
and is a major administrative center (Weller, 1983, p* 1+85).

Other major developments were in the Flin Flon district and lynn 

Lake to the north. Exploration by Sherritt Gordon Mines, Ltd. to 

locate reserves to replace the depleting Sherridon ore body northeast 
of Flin Flon confirmed a viable nickel-copper deposit at lynn Lake in 

191*5. The entire plant and the company town were moved from Sherridon 
to the new site by tractor-sled trains in 1950. A 265-km (l65-mile) 

CNR rail spur was built from Sherridon, and power was supplied from 

two small hydroplants established nearby. Production began in 1953 
with a 2,1*00 tpd (2600 stpd) concentrator, expanded to 3,200 tpd (3500 

stpd) in 1959* Sherritt Gordon established a hydrometallurgical 
refinery and chemical plant at Fort Saskatchewan near Edmonton, 

Alberta in 195^ to refine nickel concentrates from Lynn Lake. Cheap 

Alberta natural gas is used to produce ammonia for the hydrometal- 
lurgical process, and also to generate thermal electricity at an 
economic rate. Copper concentrates were shipped to the Hudson Bay 
Mining and Smelting Co. smelter at Flin Flon, and the largest of these 
has a 9,000 tpd (10,000 stpd) concentrator. Other deposits of copper,
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zinc, and iron sulphides deposits were discovered south and southeast 
of Lynn Lake, which were developed and brought into production in the 

1970's as the Lynn Lake deposits were depleted. Concentrates from 
these mines are shipped to Noranda, Flin Flon and Japan for smelting 

(Rea, 1976, p. 63; Canadian Mines Handbook, 1976-77, P* 290).
Hudson Bay Mining and Smelting Co. developed a number of new 

mines in the copper-zinc-silver-gold belt extending 160 km (100 miles) 
eastward from Flin Flon in the 1960's and early 1970's along the east- 
west segment of the railroad. An additional Ul-km (52-mile) spur was 
built in 1968-9 to serve the easternmost mines. These ranged in 
capacity from 8l to 500 t (90 to 550 st) of ore mined per day. The 

ore is shipped to the central concentrator at Flin Flon, which milled 
3600 to 1*500 tpd (U000 to 5000 stpd) in the early 1970's. In addition 
to the smelter built there in the pre-war era, a zinc refinery has 
been added, and conversion to anode copper production was made in 197^ 

(Canadian Mines Handbook, 1976-77> P* 155-7)*
Uranium deposits in northern Saskatchewan attracted considerable 

attention in the Cold War period, although earlier discoveries had 
been made in the Lake Athabasca area in the 1930's. Eldorado Mining 

and Refining, a Crown corporation which produced uranium at Port 

Radium, NWT for the U.S. atomic bomb project, discovered and developed 
a uranium deposit on the north flank of Lake Athabasca toward the end 
of the war, and Uranium City was established near this site when 
restrictions to private uranium mining were lifted in 19^8. Trans
portation for this area was provided by the summer water route up the
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Athabasca River to the railhead of Waterways near Fort McMurray, 
winter tractor-sled travel and year-round air service. The district 
produced the majority of Canada's uranium in 1956, and although it was 
overtaken by the Elliott Lake mines, by 1958 it was producing $60 
million worth of uranium ore from three concentrators with a total 
capacity of 1*300 t (U,T50 st) of ore per day (Bone, 1962, p. llU).

Production declined when the contracts with the U.S. for nuclear 
weapon materials expired in 1962, but picked up again in the 1970's 

with the growing market for nuclear power plant fuel. Concentrates 
were shipped via Fort McMurray by rail to Eldorado's nuclear fuel 

products refinery at Port Hope on Lake Ontario (Canadian Mines 

Handbook, 1976-77, P» 115-6).
The mines at Uranium City were closed in 1982 due to high 

operating costs, but other uranium deposits discovered around the 
periphery of the Athabascan Basin south of Lake Athabasca in the 1970s 

were put into production. By 1983, Canada was in first place among 
the market economy countries in uranium production (Minerals Yearbook, 

1983, p* 168•, EMJ, 1985, P* 37)* These mines are manned by fly-in, 
fly-out crews. The Saskatchewan Department of Highways extended all
weather roads northward to the mines from La Ronge, permitting truck 
transportation to the railroad at Saskatoon.

Northern Alberta, in the sedimentary basin lying between the 
Canadian Shield and the Cordillera, has few prospects for mineral 

development, but it does have a large area of forest cover, petroleum, 
natural gas and the huge 77,000 sq km (30,000 sq mile) Athabascan Oil
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Sands formation around Fort McMurray. The Oil Sands, estimated to 
contain 50 billion t (369 billion bbl) of recoverable oil, was the 
scene of the principal resource development activity in the early 

post-war period (Wonders, 1967, P» ^95)* The first synthetic crude 
oil plant was completed at Fort McMurray in 1967* with a U28-km (266- 
mile), kl cm (16 inch) pipeline to Edmonton. It had a capacity of 
6200 tpd (^55000 bpd) (Rea, 1976, p. 6k). Gas was found in the Peace 
River country in the early 1950’s, and in 1957 a pipeline was brought 

in from British Columbia. In the 1970's oil and gas fields in the 
northwest corner of the province were brought in (Barr & Lehr, 1982, 
p. 286). The development of a large timber reserve between the Peace 

and the Athabasca Rivers is planned, with the establishment of two 
large sawmills and a pulp mill (Smith, P.J., 1981, p. 326).

The major contribution of Alberta to northern mining developments 

has been in the form of access. The first post-war highway develop
ment north of 60° was the joint federal-provincial project to upgrade 
the primitive military road built in 1939 from Grimshaw near Peace 
River to Hay River on the south shore of Great Slave Lake, N.W.T. It 
was extended around the west side of the lake to Yellowknife by the 
federal government (Rea, 1976, p. 95)* The water route from the 

uranium district of northwestern Saskatchewan to Fort McMurray has 
been noted previously, as has the transportation of nickel concen
trates by rail from Lynn Lake, Manitoba to Fort Saskatchewan near 
Edmonton. The construction of the Great Slave Lake Railway from the 
Northern Alberta Railway near Grimshaw to Hay River and the Pine Point
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mine will be described later in this section.
Resource development grew enormously in British Columbia between 

the 1950's and the early 1970's as a result of favorable government 
policies and the penetration by large national and multinational firms 
with a substantial injection of foreign capital. The Social Credit 
government under Premier W.A.C. Bennett (in power from 1952 to 1972) 
promoted the development of provincial resources by establishing 
liaison with large corporations and financial institutions willing to 

invest in resource extraction; building an infrastructure of roads, 
railroads and electrical power through government spending; and 

providing fiscal policies and a legal framework attracting investments 

by multinational firms. Forestry, mining and petroleum were the 

primary industries involved. The object of the overall policy of the 
Bennett government was "to provide the physical and economic infra- 

strusture for profitable enterprise" rather than direct government 
investment in resource enterprises (Bradbury, 1981, p. 3̂ 9)*

The world-wide search for raw materials after World War II led to 

large foreign investments in British Columbia, especially in the early 
1960's. The investment climate resulting from the Bennett policies 
placed British Columbian minerals in a favorable competitive position, 
and large deposits of a grade too low for development earlier were 

brought into production (Ibid., p. 353). Large-scale porphyry copper 
and molybdenum mines were developed near tidewater and inland where 
accessible by rail. The Endako molybdenum deposit, on the CNR west of 

Prince George, was originally staked in 1927* hut development did not
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take place until the 1960's. Production began at 10,900 tpd (12,000 

stpd) in 1965* an<i the mill capacity was expanded to 25,1*00 tpd 
(28,000 stpd) in 1970. Concentrates were shipped to Japan (Canadian 

Mines Handbook, 1976-77* P- 26).
By 1981, ten large porphyry copper and copper-molybdenum mines 

were in production in British Columbia, shipping concentrates to Japan 
and West Germany. Two mines, Granisle and Bell, were developed in the 
Babine Lake district. The former was located on an island in the 

lake, and was served by a barge to connect with the road net and CNR 
west of the lake. Year-round service was made possible by the instal
lation of an underwater bubbler system to keep the route ice-free 
during winter temperatures as low as -1*0°C (-1*0°F) (CIM Bulletin, 

1978, p. 171)* These two mines, and several of the other copper 
mines, were closed in 1982 because of losses due to low copper prices. 
Copper mining picked up the following year in southern B.C., but the 
Bell and Granisle mines remained closed (Cranstone, I98U, p. 1*2).

The Bennett government embarked on a major railroad construction 
program in northern British Columbia. An extension of the Pacific 

Great Eastern Railway (PGER) northward from Prince George, with forks 
to the Northern Alberta Railway at Dawson Creek and to Fort St. John 

on the Alaska Highway was completed in 1958. The intent of this 
project was to tap oil, gas, mineral and forest resources in northeast 
British Columbia. A further extension from Fort St. John to Fort 

Nelson was completed in 1971 by which time the PGER comprised 1770 km 
(1100 miles) of track, and the name was changed to British Columbia
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Railway (BCR) (Bradbury, 1981, p. 350). In 1968 another branch line 
from Prince George northwestward toward Dease Lake was begun.

Highway construction in northern B.C. included the Hart Highway 
from the Alaska Highway at Dawson Creek to Prince George, all-weather 
roads north of the CNR to support forestry production, several hundred 
kilometers of oil development roads in the Peace River district, and 

mineral development roads such as Cassiar mine haul road. The Cassiar 
Asbestos mine was the most northerly major post-war mining development 

in British Columbia. Staked in 1950, open pit mining began in 1953 at 
220 tpd (250 stpd) and increased to 3000 tpd (3300 stpd) by 1971* The 
mine is served by a provincial 1^0-km (87-mile) road from the Alaska 

Highway near Watson Lake, over which asbestos fiber is trucked to 
Whitehorse for transfer to rail and ship to Vancouver. In 1973 this 
road was extended southwest past Dease Lake to Stewart on the Portland 
Canal (on the Alaska boundary), with a southward connector to the CNR. 
Much of the traffic on these northern railroads and roads is related 

to forestry as well as mining (Rea, 1976, p. 67, 97-100).
In the Yukon and Northwest Territories mineral production 

continued to be the primary industry. Output increased greatly in the 
years immediately following the end of the war, primarily from the 

expansion of established mining centers. In 195^> uranium contributed 
36 percent of the total volume of mineral production in this region, 
most of which came from the government-owned Eldorado mine on Great 
Bear Lake, N.W.T. Gold, at the U.S. value of $35 per ounce, accounted 
for nearly 32 percent, while silver lead and zinc from the Keno Hill
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District, Yukon Territory contributed another 31 percent. Expansion 
of the Keno Hill, district was expedited by the construction of the 

Whitehorse-Mayo highway in 1951 and a branch was extended to Dawson in 

1955 (Rea, 1968, p. 30-2; Woodward, 1967, P» 152). Uranium production 
ceased in i960 due to the collapse of the U.S. import market, and did 
not resume in the later nuclear power market as those demands were met 
by the production from Ontario and Saskatchewan. Later two small 
silver mines operated in the Port Radium district, N.W.T. until 1982 

(Canadian Mines Handbook, 1976-77» P» llU-115).
Large scale gold placer mining by the Klondike dredges continued 

until 1966, when depleting reserves and increasing operating costs 
made further operations uneconomical. Lode gold production at 
Yellowknife, N.W.T., increased in 19^9 with the opening of the Giant 
Mine. Its mining rate started at 210 tpd (232 stpd), surpassed the 
combined rate of the other three Yellowknife mines in 195^> and 

increased in 1961 to 907 tpd (1000 stpd), when it became the largest 
gold mine in Canada (Rea, 1968, p. 13^; Canadian Mines Handbook, 1976
77> P» 129-30). Logistical support of these mines and the town of 
Yellowknife was facilitated greatly by the Mackenzie highway from 

Grimshaw, Alberta.
The mining booms of the 1950's and 60's resulted in an expansion 

of the mining frontier into new areas of the Yukon and Northwest 
Territories, although not on the scale of the Quebec-Labrador iron 

mines. The expansion in the western half of this vast region was 
northward from the existing transportation system of Alberta and the
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southern Yukon Territory, while in the east and in the Arctic 
Archipelago, developments were widely scattered individual enclaves 
each based on its own nearby port, and independent of extended inland 

transport.
Prime Minister Diefenbaker launched his Northern Roads Program in 

1958. Its purpose was to invest government funds in development roads 

in the two territories, based on existing roads such as the Mackenzie 
Highway, the Alaska Highway and the Whitehorse-Dawson road. In the 
1960's the territorial policy was refined to encompass two main 
categories, communication roads and resource roads. Communication 
roads were to provide a network of primary roads for communication 
within the territories, with north-south connecting links to the 
provinces and east-west links between the territories. The federal 
government was made responsible for trunk and airport roads, and the 

territorial governments for local roads.
Resource roads were defined as those which lead from a communica

tion road to areas of active or potential resource development. The 
policy stressed the building of roads to encourage resource develop

ment, primarily mining and also oil and gas, and the concept that 
roads should be extended to areas of good resource potential prior to 
extensive exploration. Resource roads were further classified as 
development and access roads, the former funded by the federal 
government and the costs of the latter shared with the resource 
developer. Area development roads are those which enter or traverse 

an undeveloped region of favorable natural resource potential to
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foster new economic growth within the territories, while resource 
development roads lead from a permanent road to an area in which two 
or more resource projects have reached at least the pre-production 

stage. Access roads are built from the nearest permanent road to an 
individual development or prospect, and range from a permanent road to 
a developing or producing mine to temporary access trails ("tote 

trails") to a company exploration project (Rea, 1968, p. 2k3-2b7).

The Northern Road Program was placed under the Department of 

Indian Affairs and Northern Development, and an accelerated $100 
million, 10-year program was appropriated by Parliament in 1966. Area 
development projects in Yukon Territory during this period included: 

reconstruction of the war-time Canol road between the Alaska Highway 
and the NWT boundary; a loop between Watson Lake on the Alaska Highway 
and Carmacks on the Whitehorse-Dawson road, crossing the Canol road at 
Ross River; and the segment of the Dempster Highway from Dawson 
northwest to Fort McPherson, NWT. Projects in the Northwest Terri
tories included lateral branches of the Mackenzie Highway eastward to 

Fort Resolution and to Fort Smith on the Slave River, and westward 
along the Mackenzie River to Fort Simpson; and, the section of the 
Dempster Highway between Fort McPherson and Inuvik. Projects proposed 

for the following 10 year period (1976-85) included extension of the 
Mackenzie Highway from Fort Simpson to the Dempster Highway south of 
Inuvik, and eventually from Inuvik to Tuktoyaktuk on the Beaufort Sea 

coast; a road north from Yellowknife to Fort Smith; and a road from 
Fort Smith to Uranium City in Saskatchewan to provide that city with
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year-round transportation to the Alberta road and rail system 

(Woodward, 1971» P* 17^-6). By 1985, the Dempster Highway had been 
completed to Inwik, and 6l km (38 miles) of gravel road had been 

constructed eastward from Yellowknife. No work has been done on the 
proposed road from Fort Smith to Uranium City (Travelarctic, 1985)*

Three mineral developments which benefited from the Northern 
Roads Program were the Canada Tungsten mine in NWT near the Yukon 
boundary north of Watson Lake, the Cyprus Anvil lead-zinc mine at Faro 

in central Yukon Territory, and the Clinton Creek asbestos mine near 

the Alaska boundary northwest of Dawson. A sizeable tungsten ore body 
was identified in the Selwyn Mountains south of the Canol road in 1959 
by the Canada Tungsten Mining Corporation. A territorial road was 

built from the Watson Lake-Ross River highway to Tungsten, partly with 
company funding, to develop the property. Open-pit mining began in 

1962, with a 270 tpd (300 stpd) concentrator. Milling capacity was 

increased to 520 tpd (575 stpd) in 1971» and underground mining 
commenced in 197^* Concentrates are delivered to the company's 
leaching and roasting plant in Vancouver directly by truck or by truck 
to Fort Nelson and from there by rail (Canadian Mines Handbook, 1976- 

77» P» 6l; Hackney and Lambert, 1983, p« 55; Rae, 1968, p. ll+3-U).
The Cyprus Anvil mine at Faro was the largest mining operation in 

the Yukon Territory. The lead-zinc deposits were discovered in 195^» 
but although extensive, the grade of the deposit was much lower than 
the silver-rich ores of the Keno Hill district to the north. Develop
ment was contingent on a large production capacity, low-cost energy,
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and an efficient transportation system. The ore body was amenable to 
large-scale open pit mining, and construction of the Carmack-Ross 
River road permitted access to the site with a short cost-shared 

feeder road. Electrical power was made available by a government- 
built transmission line from the hydroelectric plant at Whitehorse. 
The government sponsored the town of Faro, which became the third 

largest town in Yukon Territory. Production began in 19&9 using 
electric shovels and 68-t (75-st) ore trucks, with a 5>000-tpd (5*500- 

stpd) capacity mill. Mill capacity was increased to 9*000 tpd (10,000 

stpd) in 197^* and 109-t (120-st) ore trucks were introduced. To 
economize on electricity consumption, the company used coal from a 
mine at Carmacks to fuel the concentrate dryers. An integrated truck- 
rail-ship transportation system was developed by the White Pass and 
Yukon Railway, which featured the quick transfer of ore containers 
from truck trailer to flat car at Whitehorse and from flat car to ore 

hopper at Skagway. Concentrates were shipped to customers in Japan 
and West Germany (Canadian Mines Handbook, 1976-77* P* 93; Latimer, 
1970, p. 1^3-50; Hackney and Lambert, 1983, p« U6-7)« Declining metal 
prices forced this mine to cease operation in 1982, resulting in 

closure of the WP $ YR which depended on the mine for the majority of 
its revenue.

Cassiar Asbestos Corporation developed an asbestos deposit at 
Clinton Creek, near the Fortymile placer gold district, which was 

brought into production with open pit mining in 1967* Access to the 
site was provided by a short spur from the Dawson-Taylor Highway
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(Alaska) road, and the company built the town of Clinton Creek to 
house its employees and families. A 3625-tpd (1+,000-stpd) mill 
produced an average of 91>000 t (100,000 st) of asbestos fiber per 

year. The fiber was trucked to Whitehorse for rail and ship delivery 
to Vancouver. Crossing of the Yukon River was accomplished by a 
government ferry in summer, over an ice bridge in winter, and with a 
go'vernment-built cable trainway during spring break-up and fall 

freeze-up periods. Production ceased in 1978 due to the exhaustion of 

ore reserves, at which time the company bought back the employee-owned 
houses in the company town (Canadian Mines Handbook, 1976-77, P» 68-9; 

Hackney and Lambert, 1983, p» 57-60; Rea, 1976, p. 68).
The largest scale mineral development in the territorial North, 

in terms of both mine production and infrastructure is Cominco's Pine 

Point lead-zinc mine on the south flank of the Great Slave Lake, 
N.W.T. Low-grade deposits in this area had been known since 1898, but 
it was not until the favorable market environment and government 
policies of the post war era evolved that intensive exploration was 
undertaken by large mining companies. Cominco obtained exclusive 

rights for a large-scale exploration program, and by 195  ̂ had 
determined the presence of a world-class lead-zinc deposit with large 
bodies of high-grade ore. The low precious-metal content of the ore 
and the distance from the nearest railhead (more than 6U0 km (U00 
miles) from Fort McMurray) made truck transport uneconomic, and the 

summer-only water route questionable. Therefore substantial infra

structure investments would be required before the deposit could be
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developed (Rea, 1968, p. lUO-2).
As the volume of concentrates initially planned for production 

(lU0,000 tpy; 157,000 stpy) economically would not justify a railroad, 
Cominco, and its parent company, the Canadian Pacific Railway, made no 
effort to build one. The territorial government pressed for a rail
road, holding that the returns to the national economy in terms of the 
increase in the GNP which would result from the development of such an 
economic activity, would warrant its construction. After investiga
tion by a Royal Commission of the project and alternative routes, the 
federal government in 1961 decided in favor of the railroad. It was 
to be built along the Peace River corridor, in which the Mackenzie 
Highway is located, from the Northern Alberta Railway near Grimshaw to 
Hay River, with a spur to Pine Point. A subsidy of $86 million was 
provided, with a traffic revenue guaranteed from Cominco for 10 years. 
The 696-km (l*33-mile) Great Slave Lake Railway was completed in 1966 

at a cost of $75 million. Open-pit mining had begun in 196^, with 
power supplied by a $10 million government-owned hydro plant east of 

Pine Point. High-grade ore was trucked over the Mackenzie Highway 

until the railroad began operating. A 1*550 tpd (5,000 stpd) concen
trator went on line in 1967* 'which was expanded to 9,100 tpd (10,000  

stpd) in 1969. Forestry and agriculture increased along the railroad 
corridor, and by 1970 freight other than mineral concentrates equalled 
the Pine Point traffic in volume (Canadian Mines Handbook, 1976-77) P* 
260; Rea, 1976, p. 68-9 & 100; Wallace, 1977, P* 110-12).

Several mines on the northern fringe of the continent and in the
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Canadian Archipelago have been developed without overland connectors 
from the south. These include the Rankin Inlet nickel mine, Asbestos 
Hill in the Ungava Peninsula, the Nanisivik lead-zinc mines in 

northern Baffin Island, and the Polaris lead-zinc mine on Little 
Cornwallis Island. At Rankin Inlet, on the northwest coast of Hudson 
Bay, a rich nickel-copper ore body of moderate size (less than one- 
half million tons) was outlined by diamond drilling in 1952. An 
underground mine was developed in 1955 and a 225-tpd (250-stpd) 

concentrator installed the following year. Production began in 1957* 

and concentrates were shipped by way of Churchill and the Sherritt 
Gordon refinery at Fort Saskatchewan. The mine and mill utilized 
Eskimo labor for which a company town was established. This operation 
provided a testing ground for truly arctic mining and large-scale 
employment of Eskimos in a modern industry. Further explorations 

failed to reveal additional reserves in the vicinity, and the mine 
closed down in 1961 after only 5 years of operation. The town of 
Rankin Inlet had grown to a sizeable community, and was taken over by 

the federal government as a service center for the surrounding region 
to provide employment for the Eskimos who decided to remain after 

termination of the mining operation (Bone, 1952, p. 1^9-50; Rea, 1968, 

p. 1U2-3).
A large chrysotile asbestos ore body was discovered near the 

north shore of the Ungava Peninsula in 1957 which was named Asbestos 
Hill. Feasibility studies made in the early 1960's for Asbestos 

Corporation, led by Canadian Bechtel indicated an estimated 16 million
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t (18 million st) of high grade asbestos ore which could be mined and 
milled to produce finished grade fiber at the site. Plans were made 

in 1965 for facilities production of 91*000 t (100,000 st) of finished 
fiber per year and an integrated town. In 1966 air strips at the mine 
site and the port site at Deception Bay were constructed, and the 68- 
krn (1+2-mile) haul road was started. After a reappraisal of costs, the 
integrated program was discarded in favor of establishing the 
finishing plant in West Germany, and producing only ungraded concen
trates at Ungava. A 6000-tpd (6,600-stpd) concentrating mill, fiber 

storage facilities at the mill and port site, docks, diesel power 
plant, utilities, and camp facilities for unaccompanied employees were 

constructed, and open-pit mining began in 1971* The open-pit opera
tions shut down from mid-December to early February due to severe 

weather. Underground mine development was begun in 1975 and was 
scheduled to open in 1982 when surface reserves became exhausted. 
Concentrates are shipped during the 10 to 12 week open water season in 
summer. Harsh working conditions in the open-pit mine and unheated 
mill have resulted in high employee turnover, although family housing 
is provided for staff personnel. No Eskimos are employed (Hackney and 

Lambert, 1983, p. W-52; Western Miner, 197^» P* 23-30).
A moderate-sized lead-zinc silver deposit at Arctic Bay in 

northern Baffin Island was developed in the early 1970's by Mineral 
Resources International, with the cooperation of the federal 
government, which supported the project on the basin of its potential 
benefits to the people of the region and the nation. Under the
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arrangement, the government financed the airport, roads, docks, and 
town facilities in exchange for 18 percent interest in the company. 
The company was required to hire Eskimos for 60 percent of its work

force. A 1360 tpd (1500 stpd) concentrator was installed in 1975* and 
the Nanasivik underground mine went into production in 1977. Concen
trates are stored at the dock site for shipment in August of each 

year, 80 percent to a West German refinery and 20 percent to the 
Texasgulf refinery at Timmins, Ontario (Canadian Mines Handbook, 1976- 

77» P« 206 and 212; Hackney and Lambert, 1983, p. 90).
The largest mine in the Canadian Arctic, and the farthest north, 

is Cominco's Polaris lead-zinc mine on Little Cornwallis Island near 
the North Magnetic Pole. Cominco acquired the property in I96H and 

began exploration in 1966. Ore reserves were estimated at 25 million 
tons averaging more than 18 percent combined lead zinc, and develop
ment of an underground mine began in 1976. An 1800 tpd (2,000 stpd) 

mill, utilities, and warehouse and mine office were fabricated as a 
unit on a barge which was towed to the mine site and floated into 
place in 1981. Production began in 1982 at a rate of 208,000 t 
(230,000 st) of lead and zinc concentrate per year for shipment to 
West Germany (Canadian Mines Handbook, 1976-77, P* 32; Mining Annual 
Review, 1981, p. 327).

A recent mineral development in the Canadian North was the 
opening of the Echo Bay Mines, Ltd., Lupin mine, an underground lode- 

gold mine lt00 km (258 miles) northeast of Yellowknife, N.W.T., in 
1982. The deposit was discovered in the 1960s by Canadian Nickel, a
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subsidiary of Inco, and sold to Echo Bay Mines in 1979* Proven and 
probable reserves of 3,151,800 t (3,^7^,300 st) of ore averaging 13.U7 
g/t (0.393 oz/st) were outlined, one of the richest lode gold deposits 
in Canada. The mine was developed and initially operated with the 
support of Hercules aircraft entirely until a winter road was put into 
use in 1983. Fuel, heavy equipment and most of the mine supplies are 
hauled by truck during the 10-week winter road season, while some 
supply and all personnel trips are made by air. The mine began opera
tion at a mill rate of 950 tpd (1050 stpd), and the mill was expanded 

to 1200 tpd (1323 stpd) in I98U (Cranston, 1980, p. 97; Hamilton, 
198U, p. 60; Western Miner, June 1983, p. 12 & ll+).

Exploration for oil and gas became the second largest commercial 
activity in the territorial North. Some drilling was done in the 
Mackenzie River basin surrounding the producing field at Norman Wells, 

NWT, and the Eagle basin in northcentral Yukon Territory in the early 
post-war years, with negative results. Reconnaissance by the Canadian 
Geological Survey in the early 1950's indicated large sedimentary 
basins in the Canadian Arctic, and the government promulgated new 
regulation governing exploration to encourage the industry. Some 
drilling was done in the arctic islands in the early 1960's, but 

without success.
The discovery of the Prudhoe Bay oilfield in Alaska in 1968 was a 

powerful stimulus to oil exploration in the Canadian North. Imperial 
made the first major discovery in 1970 with a strike on the 
Tuktoyaktuk Peninsula in the Mackenzie Delta. Later that year,
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Panarctic Oils, a consortium of exploration companies founded in 1967 

with 1+5 percent participation by the Canadian government, struck gas 
on King Christian Island in the Sverdrup Basin of The Arctic 

Archipelago. Further drilling in the Mackenzie Delta and off-shore in 
the Beaufort Sea struck both gas and oil, and Panarctic struck oil on 
Ellesmere Island and gas on Melville Island in 1972. By 1976 proven 

reserves in the Sverdrup Basin amounted to lU million t (100 million 
bbl) of oil and 280 billion cu in (10 trillion cu ft) of gas. The 

magnitude and implications of the development and transportation of 
northern oil and gas has become a national issue involving four of the 

international petroleum companies, federal and territorial 
governments, the native peoples, environmentalists, academia and the 

general public (Armstrong et al., 1978* P» 110-11; Rea, 1976, p. 70).
The impact of a gas pipeline in the Mackenzie valley on the 

native population of that region was the subject of an inquiry by 
Justice Berger in 1975-76. He concluded that such a project would be 
detrimental to the natives and recommended a 10-year moratorium to 
allow for careful environmental planning and an equitable settlement 

of native claims. An alternative is a pipeline following the Dempster 
Highway into the Yukon Territory to join a proposed U.S. gas pipeline 
from Prudhoe Bay along the Alaska Highway (Berger, 1977, p. xvi-xvii, 
196, 200).

In the Canadian Archipelago, submerged pipelines would be more 
costly and technically difficult than overland pipelines, and marine 

transport is being considered for Sverdrup Basin oil and gas should it

' 17U
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become economically feasible to develop Armstrong, (et_ al., 1978, p. 
111-12). The second pipeline from Norman Wells, N.W.T., was completed 
in 1985. It is a 323-mrn (12.7-inch) line 868 km (520 miles) in length 

up the Mackenzie waterway corridor to Alberta, with a capacity of H800 
cu m (30,000 bbl) of crude oil per day. The pipeline was constructed 
after an extensive environmental assessment, public hearings, and 
regulatory procedures extending over a t*-year period beginning in 1979 

(Pick & Smith, 1985, P* 71-76).
The role of hydroelectricity in the development of northern 

industry has been noted previously in this discussion. Additionally, 
in the northern Shield regions of Newfoundland (Labrador), Quebec, 
Ontario and Manitoba, hydroelectricity has been developed in massive 
quantities as an exportable resource. Most of this export power 

generation now is by government-owned corporations.

The most notable of these developments in the Shield area, all 
since i960, are the Kettle Rapids project on the Nelson River, 

Manitoba (1,272 MW in 1975) for delivery to Winnipeg and the mid-west 
U.S.; the Mattagami Basin projects in northwestern Ontario serving the 

southeastern Ontario power grid; The "Manic" series of hydro plants on 

the Manicougan River south of Gagnon, Quebec, serving the Quebec City 
region; the Churchill Falls plant in Labrador (5225 MW) serving 

Montreal and the northeastern U.S.; and the gigantic James Bay project 

in the Grand Riviere basin in Quebec. Transmission line voltages are 

735 Kv and over, among the highest in the world. For the James Bay 

project the Quebec government formed a separate corporation, the James
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Bay Development Corporation, which later was made a subsidiary of 
Quebec Hydro. The corporation was given the responsibility for 
developing a series of hydro stations totalling 10,000 MW and 5 

transmission lines averaging 1000 km (600 miles) in length, and also 
for administering a region of 350,000 sq km (135,000 sq miles) in 
extent and negotiating a Native Claims settlement. (Wallace, 1981, p. 

390-5; Kohl, 1983, p. 407-18).
Hydroelectric power became an important regional development 

strategy in British Columbia after 1950, initially by provincial 

government encouragement of private development. In 1954 the Aluminum 
Corporation of Canada (Alcan) established a large aluminum plant at 

Kitimat, south of Prince Rupert, with a company-built hydro plant 
nearby. In 1961 the provincial government took over the British 

Columbia Electric Company and proceeded to build the W.A.C. Bennett 
dam and a 2,400 MW hydro plant on the Peace River in northeastern 

B.C., with a 925-km (575-mile) 500 kv transmission line to southern 
B.C. In the south of the province, a series of hydropower dams were 
built on the Columbia River in the 1970's. These public power plants 
served local and domestic industrial and residential consumers, and 
also customers in the northwestern U.S. (Rea, 1976, p. 122-3).
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ALASKA AFTER WORLD WAR II 
(Fig. 16)

The surrender of Japan on September 2, 19^5 ended World War II, 
and the U.S. began to demobilize the mighty war machine built up oyer 
the preceding four years. Within nine months, the strength of the 
armed forces was reduced from more than 11 million to 1.5 million men. 
In Alaska the military population dropped from a war-time high of 

153,000 in 19^3 to 19,000 in 19^6 (Bernardo and Bacon, 1955, P» hk2- 
UU5; Rogers, 1962, p. 93). The War Production Board's restriction on 
gold mining was lifted in July, 19^5» too late for the 19^5 placer 
season, but gold mining picked up the following year to a value of 
nearly $8 million, of which placer mining contributed 9T percent. 
Placer platinum production at Goodnews Bay was the next largest 

mineral value, with lode gold, mercury and copper production trailing 
third (Minerals Yearbook, 19^6, p. 228-230).

Distant events were to have a profound effect on Alaska's destiny 
in the next dozen years. The Soviet take-over of the East European 
satellite belt and threats to Iran, Greece and Turkey precipitated the 

"Cold War". Following the Iran crisis, the U.S. formulated a policy 
of containment of the spread of Soviet Communism, articulated by the 

Truman Doctrine in 19*+T» American aid to Greece and Turkey was 
followed by the Marshall Plan program for the restoration of Western 
Europe (Crabb, i960, p. 202; Feis, 19T0, p. 63-68, 221-25^). The 
major military component of the U.S. Cold War effort was the long- 
range strategic bomber carrying atomic bombs. The National Security
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Figure 16. Alaska in 1985
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Act of 19^7 united the armed services under a single Secretary of 
Defense, and divorced the air arm from the Army. The long-range 
deterrent capability was vested in the newly-created U.S. Air Force, 

which established the Strategic Air Command (SAC) to carry out this 
mission (Dupuy and Dupuy, 1956, p. 650).

The strategic position of Alaska shifted from the westward 
defense against Japan to face the Soviet Union across the polar ice 
cap. The war-time tactical disposition of military forces along the 

Aleutian Chain and coastal areas to repel amphibious attacks was 
inadequate to meet post-war strategic needs, and drastic revisions in 
defense posture became necessary. These entailed the concentration of 
forces in a few interior bases in the Anchorage and Fairbanks areas 

and naval stations at Kodiak and Adak, and the establishment of early 
warning facilities and air defenses to intercept hostile aircraft 
before they could reach target areas in Alaska or the contiguous U.S. 

(Strobridge, 1966, p. 38-59)*
The post-war construction boom in Alaska began in 19^7 with the 

construction of Eielson Air Force Base near Fairbanks, extension of 
runways at Ladd (Fairbanks) and Elemendorf (Anchorage) Air Force 
bases, rebuilding of Army posts at Fort Richardson (Anchorage) and Big 
Delta (later Fort Greely), and Navy facilities at Kodiak and Adak 
(Aleutians). The detonation of a nuclear device by the Soviet Union 

in 19^9 and the Soviet-backed invasion of South Korea by the North 
Korean Army in 1950 lent further impetus to the defense build-up in 

Alaska, and military strength reached a peak of 50,000 by 1951*
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During the 1950s a series of Distant Early Warning (DEW) stations 
were established in a line extending across Arctic Alaska and Canada 
to Greenland. In addition to the air bases in the Anchorage and 

Fairbanks areas, jet fighter-interceptor bases were established at 
Galena and King Salmon (Rogers, 1962, p. 99; Alaska Command, 1968, p. 
6). In 1955-57 an improved communications system using tropospheric 
scattering of radio propagation was installed to link these military 

installations. Called "White Alice", it comprised 69 sites throughout 
the Territory, the majority of which were in the Aleutians, and north 

and west of the Alaska Range (Alaskan Command, 1968, p. ^-5; U.S. 
General Accounting Office, 198l» P* l)* Another major military con
struction project was the 1007-km (626-mile) gasoline and oil pipeline 
built in 1953-55 from Haines to Fairbanks via the Haines Cut-off and 
the Alaska Highway (Strobridge, 1966, p. 5̂)»

Military construction during this period far overshadowed 
resource production in Alaska (principally fish and gold) in dollar 

value. The salmon fishery declined greatly, from a peak of 6.5 

million of canned salmon (valued at $70 million) in the mid-1930s to 

less than half of that (3 million cases, $55 million) in 1955 (Corely, 

1963, p. 39 and 63). According to former Governor Ernest Gruening 
(1968), this decline was due to overharvesting of salmon by an 
absentee industry and federal mismanagement of the resource (p. U03- 
U06). The development of a viable forestry industry in Alaska was 
stimulated by the Timber Sales Act of 19^7, which made possible the 

establishment of Alaska's first pulp mill in Ketchikan in 195^ (Ibid.,
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p. 380-381). Gold production reached a peak of $10 million in 1950, 
compared to the previous all-time high in 19^0 of $26.5 million, and 
gradually declined thereafter (Minerals Yearbook, 1958, p. T^)« In 
contrast, about $250 million per year were expended on military and 

civilian construction from 19^9 bo 195^ (Hunt, 1976, p. 115)*
The gold mining industry faced adverse economic conditions due to 

the high wages offered by military construction and increasing costs 
of supplies, materials and transportation, while the price of gold 

remained constant (Minerals Yearbook, 1953, P* 85)* The military 
program, on the other hand, created a demand for sand and gravel for 
construction and coal for fueling the expanded bases in the Anchorage 

and Fairbanks areas. During the period 1952-1957, sand and gravel 
vied for, and at times exceeded, the annual value of gold production, 
with coal not far behind. These three commodities accounted for more 
than 80 percent of Alaska's mineral production during that period, 
which averaged a total of around $25 million per year (Minerals 
Yearbook, 1959, P* 76). As an indication of the relative magnitude of 
defense construction, the cost of the White Alice program, $250 
million, was more than three times the total value of minerals 

produced during its construction period of 1955-1957*
Placer platinum produced at Goodnews Bay ranked second in 

metallic mineral production. Quantities and values were withheld to 
avoid disclosing proprietary information during most of the period 
under discussion, but probably did not vary much from the 1 9b6 level 
of 22,882 troy ounces, valued at around $1 million (Minerals Yearbook,
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19^6, p. 1009 and 1309). Lode mining was virtually at a standstill 
due to the shortage of risk and development capital until the Korean 
war increased the demand for strategic minerals.

Exploration and development of strategic and critical materials 
was stimulated by the federal government assistance in the form of 
loans and contracts administered by the Defense Minerals Exploration 
Administration (DMEA), Defense Minerals Procurement Agency (DMPA), 
Reconstruction Finance Corporation (RFC) and guarantees of commercial 

loans by the General Services Administration (GSA). Mineral 
production aided by these government programs included antimony from 
the Kantishna district, a significant increase in mercury production 
from the Kuskokwim region, tin and tungsten from a new lode mine at 
Lost River on Seward Peninsula, tungsten from the Fairbanks district, 
and chromite from Red Mountain on Kenai Peninsula (Minerals Yearbook, 

1953, P* 71-83; 195b, p. 75-77)* These defense subsidies ended in 

1957* .
In 195^ the Atomic Energy Commision (AEC) and the Territorial 

government offered matching bonuses for the first 20 tons of 20 

percent uranium oxide, sparking a uranium race. This resulted in the 

discovery of uranium at Bokan Mountain on Prince of Wales Island, 

Southeastern Alaska, in 1955, and the first production of uranium in 
Alaska two years later (Minerals Yearbook, 1955, P* 97; 1957, P* 89

90).
The market demand for other than strategic metals further stimu

lated exploration, particularly for copper and iron. South of the
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Alaska Range, the discovery of a copper deposit near the head of the 

Maclaren River in 1953 and the construction of the Denali Highway to 
connect the Richardson Highway at Paxson spurred exploration in that 
region. In that year, Bear Creek Mining Co., a subsidiary of the 
Kennecott Copper Corporation, began exploration of the large porphyry 
copper deposit at Orange Hill near Nabesna, north of the Wrangell 
Mountains, reported previously by geologists of the U.S. Geological 

Survey (Minerals Yearbook, 1953, p. 72). Later, Bear Creek extended 

exploration activities to Northwestern Alaska, which ultimately 
resulted in the delineation of the rich Ruby Creek copper-polymetal 
deposit in the Kobuk River valley (Bigelow, 1982, p. 97-101).

Iron deposits in Southeastern Alaska attracted considerable 
attention. Canadian and U.S. steel interests, and the U.S. Bureau of 
Mines drilled and ran pilot mill tests on the Klukwan deposits 
northwest of Haines. It was estimated that these deposits contain at 

least 15 billion tons of magnetite ore running 15-20 percent iron and 
3-1+ percent titanium oxide, which would require beneficiation to 
produce a marketable product (Wells and Thorne, 1953, p* 2). Although 
the deposit is only k2 km (26 miles) from a tidewater port via the 

Haines Highway and the deposit could be mined easily by open-cut 
benching, a source of low-cost power for processing would be required 
to make production economically competitive. Various proposals for 
development of the Klukwan deposits were predicated on such hydropower 

schemes as the Yukon-Taiya project. Proposed by the Aluminum Corpora

tion of America (ALCOA) in 1952, this project would divert water from
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the upper Yukon drainage southward down the Taiya River valley to 
produce 3-5 billion kwh per year for smelting aluminum. Canada denied 

water rights, and the ALCOA project died (Cooley, 1953, p. 93-99).

The discovery of oil and gas on the Arctic Slope during the 
Navy's exploration of the Naval Petroleum Reserve No. 1+ in 191+6-52 
encouraged an oil exploration boom in Alaska. The first significant 

commercial oil strike was made in 1957 on Kenai Peninsula by the 
Richfield Oil Corporation (later Atlantic Richfield Company), and 

Alaska's first commercial gas field was discovered there two years 
later by a joint venture of Union Oil Company of California and Ohio 
Oil Company (later Marathon Oil Company) (Minerals Yearbook, 1957, P* 

93; 1959, P* 75-77)* Oil and natural gas soon overtook other mineral 
production, and Alaska was on the way to becoming a petroleum state.

The Cold War military build-up, and to a lesser extent the 
increase in demand for strategic minerals stimulated by the Korean 

War, provided a significant boost to the improvement and expansion of 
the Alaska highway system. Adequate logistical support of the defense 

structure in Alaska required upgrading to year-round, all-weather 
standards of the transportation routes to and within the Territory, 

namely the Alaska Highway, Haines Cut-off, the Richardson and Glenn 

Highways, Tok Cut-off, and the Anchorage-Seward road. In 19^8, 
Congress authorized the expenditure of $135 million over a six-year 
period to carry out a program to meet this need, more than three times 

the amount appropriated during the previous 1+3 years (Naske, 1983, p* 

1+31 and 1+35-̂ 36).
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Concurrently with the massive program to improve the primary 
highway system, the Alaska Road Commission continued to upgrade and 
expand the secondary road system connecting communities, mining 

districts and farm areas to the primary network, and local roads 
connecting inhabited areas isolated from the road system with air, 
rail or water transportation. By 1956 the Alaska highway system 
consisted of 1600 km (1000 miles) in a primary network of paved roads 
connecting the ports of Haines, Valdez, Seward and Anchorage with 

Alaska's principal cities and military installations, and with the 

contiguous 1+8 states via the Alaska Highway through Canada. The 
secondary road system connected to the primary network totalled 

approximately 3200 km (2000 miles), and isolated local routes an 
additional 1000 km (600 miles) (Naske, 1983, p. 513-518). Roads of 
significance to mineral development built in this period included the 
Taylor Highway from the Alaska Highway to Eagle 257 km (l60 miles) 

with a connector to Dawson in Yukon Territory, and the Denali Highway 
from Paxson on the Richardson Highway to Cantwell on the Alaska Rail
road 200 km (12H miles). Starts were made on a road from Livengood to 
the Manley Hot Springs-Eureka mining district, and on a highway to 
connect Cordova on the Gulf of Alaska with the Richardson Highway 
using the abandoned Copper River and Northwestern rail routes. This 
latter road would also provide access to the McCarthy-Kennicott 
mineral district.

Until 1956, Alaska had not heen included under the Federal 
Highway Act of 1916, which provided federal matching funds to the
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states for highways built td strict federal standards under a state 
highway department. For the western states with large areas of public 

domain, a formula based on population, existing road mileage, and the 
proportion of federal land area to the total area is used to determine 

the matching ratio. Because of Alaska's large size and preponderance 
of public domain, the provisions of the Act were modified to include 
Alaska at 1/3 of its authorized entitlement, about $13 million per 
year of federal aid, administered by the Bureau of Public Roads. The 
Alaska Road Commission was transferred to that agency in September, 

1956 (Gruening, 1968, P« 520-521; Naske, 1983, p. 512).
Under the Federal Highway Act, Alaska was assured a relatively 

constant receipt of federal matching funds for road construction and 
improvement, but not for maintenance. In the first three years under 
the modified matching formula, Alaska received about $1+0 million in 

federal aid funds (Gruening, 1968, p. 521). By 1959 the highway 
system had increased to 2630 km (16U0 miles) of primary roads 
including the summer-only Denali highway, 1+00 km (250 miles) from 
Paxson through McKinley National Park to Kantishna, and 1*125 (2565

miles) of secondary roads for a total of 6765 km (1+205 miles). About 
1850 km (1150 miles) were paved, and another 2250 km (ll+00 miles) of 

gravel-surfaced roads were passable year-round (U.S. Senate, 1959* P*

2) .

Roads under construction during this first 3-year period of 
federal highway aid were the Copper River Highway from Cordova to 

Chitina southwest of Copper Center on the Richardson Highway, sections
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of a Railbelt route to connect Anchorage and Fairbanks, and segments 
on the eastern and western ends of the long-planned Fairbanks-Nome 
road (designated Highway 97 on the Federal Aid system). The eastern 

segment began with the Elliott Highway extension to Eureka, with 
planned construction to Tanana on the Yukon River. In the west, 
construction had begun from the Nome-Taylor road eastward toward 

Council (Ibid, p. 32-38).
The State of Alaska: First Twenty-Five Years (1959-1981*)

President Dwight P. Eisenhower admitted Alaska to the Union as 

the l*9th state by proclamation on January 3, 1959* The long road to 
statehood has been chronicled ably by former Alaska Governor and U.S. 

Senator Ernest Gruening (1968), historian Claus Naske (1973) and 
others. Alaskans had pressed for self-government since early terri
torial days, and the first statehood bill was introduced in Congress 

by Alaska Delegate James Wickersham in 1916. That bill and attempts 
by following delegates, territorial legislatures and governors were 
unsuccessful until Alaskans took matters in their own hands. In 1956, 

they presented Congress and the federal administration with a terri
torially-ratified constitution and an elected Congressional delegation 
of two senators and one representative (Naske, 1973, p* 136-11*6). 
After lengthy hearings in 1957 and President Eisenhower's endorsement 
in his 1958 budget message, Congress passed the Alaska statehood bill 
on June 30, 1958. The Act entitled the new state to select 1*1.9 
million hectares (103.5 million acres) from the vacant, unappropriated 
federal domain within a 25-year period after admission, and to receive

187

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



188

90 percent of royalties from mineral production on federal lands 

(Naske, 1973, p. 159-166).
The transition from territorial status to full-fledged state was 

assisted by the Alaska Omnibus Act of 1959* This legislation provided 
$25 million in grant funds which included $11 million for highway 
maintenance, established full participation for Alaska under the 
Federal Highway Act (but not in the Interstate Highway Program), and 
transferred federal property no longer needed by the federal 

government to the state government. The Federal Airport Act of 1959 
allowed Alaska to participate in the federal airport construction 
program on an equal basis with the other states (Gruening, 1968, p. 

508-510). The state government contracted with the Bureau of Public 
Roads to continue as the operating highway agency in Alaska until a 
responsible state organization could be established to handle this 

function (U.S. Senate, 1959» P* *0*
The development of Alaska's natural resources for Alaskans as the 

basis for a strong state economy was a major objective of the framers 
of the state constitution. "It is the policy of the State to 
encourage the settlement of its land and the development of its 

resources by making them available for maximum uses consistent with 
public interests...The utilization, development and conservation of 

all natural resources belonging to the State (to be) for the maximum 
benefit of its people" (Alaska Constitution, Article VIII, cited in 
Rogers, 1962, p. 177)* Executive power was concentrated in the office 
of the Governor. Administrative functions pertaining to the manage
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ment of natural resources were invested in the Department of Natural 
Resources, which included the functions of the former Territorial 
Department of Mines, Oil and Gas Commission, and Department of Lands 

(Minerals Yearbook, 1959, P* 79). The new Division of Lands was to 
manage the land entitlement under the Statehood Act, to he selected 
for resource potential in order to stimulate economic development and 

create a year-round economy (Naske, 1979, P* 172). The Alaska State 
Land Act passed hy the first legislature, outlined procedures for 

leasing oil, gas, mineral, tidal and other lands within the state, and 
established a royalty rate of 12 1/2 percent. Initial discoveries 
were required to pay only 5 percent for the first 10 years (Minerals 

Yearbook, 1959, P* 79-80).
The first decade of Alaska's statehood saw a wind-down of the 

"military Alaska" era (Rogers, 1962, p. 60-62) and the revival once 

again of a resource economy, but this time with a greater contribution 
to the state's coffers. Gold and furs were no longer major producers, 
but Alaska fisheries began to recover from the 1950s decline and 
continued to be the top-ranking in the nation. By 1966, the value of 
the catch to the fishermen of Alaska approached $82 million (Federal 
Field Committee, 1968, p. 30, 98, and 279)» Forestry products had 
begun to exceed mineral production in 1955 with the output from the 
first pulp mill in Ketchikan. A second pulp mill, financed by joint 
U.S.-Japanese interests, was built at Sitka in 1959, as well as 
several large sawmills in Southeastern Alaska. By 1966, forestry 

production amounted to $73 million, double that of 1955 (Federal Field
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Committee, 1968, p. 25)*
The production of crude oil and natural gas overtook both fishery 

and forestry production by the end of the decade. Of a total natural 

resource production in 1969 of more than a half billion dollars, oil 
and gas accounted for h2 percent ($227 million), fisheries 28 percent 
($lHl+ million), forest products 20 percent ($106 million), mining, 
including sand and gravel 8 percent ($1+2 million) and furs and agri
culture together 2 percent ($11 million) (Rogers, 1972, Table l). The 
Department of Defense, although it continued to be the state's largest 

employer, had leveled off expenditures at around $350 million (Ibid., 
p. 67).

The last major defense project of the Military Alaska era 
occurred during the early years of statehood. The DEW Line had 
scarcely become operational when a new threat loomed. The U.S. as 
well as the Soviet Union had been working on rocket-propelled missiles 

since the end of World War II, but the deployment of the Sputnik 
satellite into orbit in 1957 demonstrated the Soviet capability to 

lift a heavy payload into space. This event accelerated U.S. efforts 

to develop and deploy nuclear-armed intercontinental ballistic missies 
(ICBM) and also defensive measures against possible Soviet missile 

attack (Englebardt, 1966, p. 13-23)*

A key element of the North American Air Defense system (NORAD) 

was the installation of the Ballistic Missle Early Warning System 

(BMEWS), using powerful radars capable of detecting a missile flying 
at 21+00 km/hr (1500 mph) up to heights of 1000 km (600 miles) above
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the earth. The system comprises three radar sites along the northern 
perimeter of the U.S., Canada and the United Kingdom, with the central 
station at Thule, Greenland and flanking stations in Yorkshire, 

England and interior Alaska at Clear. These stations are linked to 
the NORAD command center at Colorado Springs, Colorado (Englebardt, 

1966, p. 1-8, 105-22). The BMEWS site at Clear is located on the 
Alaska Railroad between McKinley Park and Nenana. Construction was 
completed in 1961 along with roads to the new town of Anderson a few 

kilometers to the west, and northward to the Tanana River at Nenana, 
where a ferry provided connection with the road to Fairbanks.

The civilian sector of the federal government in Alaska declined 
as many of its functions were transferred to the state government. 
Immediately following statehood, the Secretary of the Interior turned 
responsibility for commercial fisheries over to the state, which was 

assumed by the new Department of Fish and Game. The federal Bureau of 
Public Roads managed the state’s Federal Aid Highways Program until 
the establishment of the Alaska Department of Highways in 1962. 
Federal assistance in transportation planning for the state was 
provided in federally funded studies such as the Battelle Memorial 

Institute's 1961 report to the Alaska International Rail and Highway 
Commission, and the Alaska Highway Study submitted in 1965 by the 
Transportation Consultants, Inc. and Wilbur Smith & Associates to the 
U.S. Department of Commerce.
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Recommendations submitted to the Congress as a result of these 
studies included:

- The establishment of a ferry system between Southeastern Alaska 
and Prince Rupert, B.C. as an extension of the land highway system;

- An all-rail link between Alaska and the continental U.S. rail
4system via Canada;

- Additional highway connections between Alaska and Canada;
- Bringing the existing Alaska primary and secondary road systems 

up to federal standards;
- Authorization to use Federal-Aid Highway funds for maintenance 

of the federal-aid system, for construction of new roads to accelerate 
economic development, and for improvement of the state ferry system 

(Minerals Yearbook, 1961, p. 77; U.S. Senate, 1966, P« 2k).
The state legislature emphatically asserted the necessity of 

pioneer access roads for developing natural resources in remote areas. 
In legislation pertaining to access roads, the i960 Legislature 
declared that the high cost of constructing roads into these areas 
prevents private interests from developing the resources, that the 

cost to the state for such roads would be "repaid many times over" by 
the increased revenues from the resulting development, and that the 
failure to develop inaccessible areas rich in natural resources "is 
detrimental to the welfare and well-being of the people of Alaska by 
depriving them of the benefits to the economy of the state to be 
derived from the commercial utilization of vast quantities of 
minerals, agricultural lands, forests, waters and recreational sites

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



193

which cannot be utilized because of the lack of access roads thereto". 

The purpose of the acc was to facilitate commercial utilization of 
natural resources by authorizing funds for "as many miles of 

pioneering access roads as is possible into and within areas rich in 
natural resources or to mining prospects of commercial promise which 
are inaccessible to truck haulage" (SLA, i960, Ch. 15k, Sect. l). 
Approval and determination of priority by the Commissioner of Natural 
Resources was required, and roads were to be essentially low standard, 

rudimentary truck roads (Ibid., Sect. 3 & k).
An appropriation of $1 million for pioneer access roads was 

authorized, and by 1962, 265 km (165 miles) of pioneer roads had been 
constructed and/or upgraded (McKinnon, 1962, p. k). The following 
year another 101 km (63 miles) of pioneer access roads were completed 

at a cost of $k38,000 (Dept, of Highways, 1963, P* !)• In 1968 the 
statute was amended to share state funding with the resource developer 

on a 50-50 basis, and the legislature again appropriated money for 
mine access roads (SLA, 1968, Ch. 129; Lu et al., 1978, p. 233).

The legislature was dissatisfied with the performance of the 

Division of Economic Development and Tourism under the Department of 
Natural Resources, and transferred it to the Department of Commerce in 
i960. A consultant, Arthur D. Little, Inc. was engaged to produce an 
economic development plan for the state. The Little study assessed 
the potential of the state's fisheries, forestry, agriculture, energy 
and minerals, and submitted recommendations for their development. As 
an outgrowth of this recommended program, the legislature in 1962, the
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same year the Department of Highways was established, created the 
Department of Economic Development and Planning. The purpose of this 
new department was to "encourage and promote the sound use of natural 

resources of the state so as to assist in establishing a balanced and 
dynamic economy and an orderly pattern of resource development 
consistent with the public interest" (SLA, 1962, Ch. 159; Rogers, 

1962, p. 283).
The Good Friday earthquake March 27, 1961* struck a severe blow to 

the young state and its people. Miraculously the loss of life was not 
great (115 people killed), but the quake and accompanying tsunami 

(earthquake-induced ocean waves) caused destruction and damage in 

Southcentral Alaska from Kodiak to Prince William Sound to the extent 
of more than $1*00 million. Federal government reaction was 

immediate— President Johnson appointed an emergency reconstruction and 
planning commission, and Congress appropriated money directly as well 

as extending existing legislation including the Omnibus Act. In the 

ensuing months more than $350 million of federal funds were committed 
to relief and reconstruction (Gruening 1968, p. 529-531).

The massive infusion of federal emergency aid funds in 1961* 

brought another wave of construction activity, temporarily stimulating 
the state's economy. Federal-state cooperation in rebuilding the 

extensive damaged areas led to closer cooperation in economic develop
ment planning. In April, 1 9 6k, Governor Egan established a Recon
struction and Development Planning Commission, which he chaired, to 
conduct state reconstruction and development programs and to cooperate
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with representatives of the federal government. In turn, President 
Johnson in October of that year created the Federal Field Committee 
for Development Planning in Alaska to develop coordinated plans for 

federal programs which would contribute to economic and resources 
development in Alaska and to recommend "appropriate actions by the 

federal government to carry out such plans in cooperation with the 
government of Alaska" (Ibid., p. 532). This commission addressed 
problems of the development of resources including minerals, tourism, 
and electrical power as well as transportation, the Native population 

and capital formation within the state.
Several other actions were taken by the state legislature to 

encourage mineral development. In 1962 a mineral resource revolving 
fund was established to purchase minerals. The legislature declared 

that "Alaska's progress is directly connected with the development of 
its mineral resources." The purpose of the legislation was "to 
encourage the exploration and extraction of valuable minerals by 
providing a market" (SLA, 1962, Ch. 116). In 1963 a prospector 
assistance program was created to make public funds available to 

qualified prospectors for equipment and transportation expenses. Up 
to $2000 for individual prospectors and $U000 for parties was 

authorized (SLA, 1963, Ch. 5l)* An act in 1967 authorized the 
Commissioner of Natural Resources to offer a bonus of $10,000 for the 
discovery and production of $100,000 worth of ore or concentrates from 
a previously undisclosed lode or placer containing one or more 
minerals eligible for assistance under the federal Office of Mineral
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Exploration (SLA, 1967, Ch. 98).
Tax incentives that had been promulgated by the Territorial 

government were reaffirmed by the state. These provided an exemption 

from mining license taxes for 3 1/2 years after the beginning of 
mining operations, and exemption from state and local taxes for up to 
10 years for new industrial development including the processing or 
refining of ores but not mining. The 10-year exemption law was super
ceded by the Industrial Incentives Tax Credit Act of 1968, authorizing 
tax credits up to 50 percent of a manufacturing firm's investment for 

a maximum of 10 years. Eligible production under the Act included 
production from mining if beneficiated or processed within the state. 

Eligibility requirements for extractive industries included on-the-job 
training and the hire of Alaska residents (SLA, 1968, Ch. 221). In 
the Alaska Industrial Development Act of 196?-, the legislature 
declared that "the establishment of industrial and manufacturing 

plants in Alaska is essential to the economic growth of the state, 
and will directly and indirectly alleviate unemployment in the state." 

The Act created a public corporation as a political subdivision of the 

state within the Department of Economic Development with power to 
issue bonds and provide funds to acquire and construct manufacturing 
and industrial plants for sale or lease to business enterprises (SLA,

1967, Ch. 6U).
Metallic mineral production dwindled to near insignificance 

during the 1960s despite state policies. Gold mining continued its 
postwar decline as increasing operating costs overtook revenues from
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gold sales at the fixed government price of $35 per ounce. The large 
dredges at Nome were shut down in 1962 and those in Fairbanks in 1961*, 
marking "the end of an era in Alaskan gold mining" (Minerals Yearbook, 

1961*, p. 95)* By 1967, production reached a low of $803,000. 
Restrictions on gold prices were relaxed in 1968, and production began 
to revive in the next decade. Mercury production in the Kuskokwim 
region practically ceased in 1963 due to declining prices, but revived 
in 1969 as the market improved. Production of uranium at Bokan 
Mountain in Southeastern Alaska ceased in 1961* when the Atomic Energy 

Commission stopped buying. Platinum continued to be produced from the 
Goodnews Bay placer mine, and small quantities of antimony were ship

ped from the Stampede mine near Kantishna, some of which was sold to 
Japan (Minerals Yearbook, 1969, p. 83-86).

Sand and gravel exceeded gold in value by 1961, peaking in 1965 

at nearly $35 million due to the massive effort to reconstruct the 

damage from the I96I* earthquake. Much of this was for highway recon
struction for which federal emergency funds amounted to $65 million, 
60 percent more than the normal Federal Aid highway funds (SLA, 1965, 
Ch. 110). Coal production in the Matanuska Valley region practically 
ceased after the military bases in the Anchorage area converted to gas 
in 1968. The market for Healy coal remained, however, and production 

in that field increased to around 61*0,000 t (700,000 st) (Minerals 
Yearbook, 1969* P* 75)*

Despite the decline in gold production, and the low level of hard 
rock mining, exploration by major mining companies increased five
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fold, from about $1.3 million in 1959 to $6.9 million in 1969. Most 
of this increase occurred during the latter 1960s. Considerable 
interest was shown in the already known iron deposits in Southeastern 
Alaska, Kemuk Mountain in the lower Kuskokwim valley, and the Chenik 
Mountain deposits southeast of Lake Iliamna discovered in the process 

of oil exploration by Standard Oil Co., in I96U. The Iliamna prospect 
was estimated to contain more than 900 million t (l billion st) of 
recoverable titaniferous iron ore averaging 15 percent iron content 
(Minerals Yearbook, 196 ,̂ p. 97). Japan, a major importer of iron 
ore, had shown some interest in Alaskan iron ore deposits in the 
1950s, but their high titanium content plus the need for beneficiation 
rendered them unsuitable for the Japanese market at that time. In the 

1960s the Japanese steel industries had introduced a steel-making 

process using titaniferous black sand concentrates, offering a 
potential market for Alaskan iron ores if they could be concentrated 

economically with hydroelectric power (Minerals Yearbook, 1969* P*

85).
The second metal under active private exploration during this 

decade was copper. Interest centered mainly on the deposits of 
Southeastern Alaska, the Lake Iliamna area, Prince William Sound, 

porphyry deposits in the Wrangell Mountains area which were similar to 
deposits being developed at that time in British Columbia, the upper 
Maclaren River district near the Denali Highway, and the south flank 

of the Brooks Range. Kennicott Copper Corp. began development at the 
Bornite mine at Ruby Creek north of Kobuk, but uncontrollable flooding
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of the main shaft at the 335-m (l,100-ft) level in 1966 stalled 
further progress (Ibid., p. 82-83). Other mineral exploration 
included copper-nickel deposits in Southeastern Alaska and the Chitina 

district, mercury in the Kuskokwim region, tin on Seward Peninsula, 
and beryllium deposits near Lost River, Seward Peninsula, by the U.S. 
Geological Survey (Minerals Yearbook, 1962, P* 82; 1969, p* 83-86).

In the studies performed by the Battelle Memorial Institute 
(1961), Arthur D. Little, Inc. (1962), Transportation Consultants and 

Wilbur Smith (1965) and the Federal Field Committee (l966), iron and 
copper were cited as the metallic minerals having the greatest 
economic potential for development. The most favorable iron deposits 
were within a short distance from ice-free or nearly ice-free tide
water, but the richest copper deposit known in the 1960s, Kennecott's 
Bornite, was remote from both tidewater and existing surface trans

portation. Secretary of the Interior Udall submitted recommendations 
for studies by the Department of Transportation to determine the 
feasibility of extending the Alaska Railroad west to Kobuk and north 
to the petroleum fields near Umiat (see below), and for a 5-year, $50 
million program for mineral surveys and research (Minerals Yearbook, 

1967, p. 72).
At the request of Governor Hickel, Governor Egan's successor, the 

Alaska legislature in 1967 declared by resolution that the state will 
establish a development policy for the northern region of Alaska based 

on improvement and expansion of all modes of transportation and on the 

needs of the region (SLA, 19^7, JSR 10). This was followed in the
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same session with an act creating a commission for Northern Operation 
of Rail Transportation and Highways (NORTH). This commission was 
charged with studying and recommending transportation routes and 

modes; reviewing the progress of implementation of the state's 
economic development policy for Northern Alaska; receiving and 

expending of funds for developing and operating resource trails, roads 
and railroads to Northern Alaska; and constructing and maintaining 
access improvements with the intent of developing northern resources 

(SLA, 1967, Ch. 90). Funds were appropriated for rail route studies 

by the consultant firms of De Leuw Cather & Associates, Tryck Nyman & 
Hayes and EBS Associates, and to hire a noted Arctic engineer, James 
Dalton, to conduct a route reconnaissance survey.

Oil and gas rapidly dominated the Alaska mineral scene during the 
first decade of statehood, particularly following the development of 

off-shore oil and gas in Cook Inlet in the mid-1960s. A refining and 
petrochemical complex evolved on Kenai Peninsula, with considerable 
Japanese participation. By 1969 prilled (pelletized) urea fertilizer 
and liquified natural gas (LNG) were being shipped to Japan (Minerals 
Yearbook, 1969> P» 81-82). Exploration for oil and gas expanded 
considerably into the Copper River Basin north of Prince William Sound 

and the Arctic coastal plain north of the Brooks Range (North Slope). 
The U.S. Bureau of Land Management (BLM) opened lands in the vicinity 
of Umiat to leasing, where the Navy had found some oil during the 
earlier NPR-lr exploration. Commercial exploratory drilling in the 
early 1960s revealed a small gas field east of Umiat.
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In i960 the federal government established the Arctic National 
Wildlife Range on the North Slope, from the Canning River eastward to 

the Canadian boundary. The state, on the recommendation of its 
geologist, Tom Marshall, selected nearly 810,000 hectares (2 million 
acres) of the North Slope between NPR-U and the wildlife range, which 
it subsequently opened to leasing. Richfield Oil (later Atlantic 
Richfield) and Humble Oil (later Exxon) formed a partnership and 
leased 29,000 hectares (71,500 acres) adjacent to Prudhoe Bay. Begin
ning in 1965, the partners flew their drill rig, equipment and sup

plies with Hercules C130 aircraft to snow-and-ice air strips on the 
tundra. In 1968 oil was struck near the mouth of the Saganavirktok 

River. A second well 11 km (7 miles) to the southeast of the 
discovery well confirmed the find, which turned out to be a super
giant, 10-bill ion-barrel field. Subsequent wells developed flow rates 

of 2750 to  ̂100 tonnes per day (20,000-30,000 barrels per day) (Mull, 
1982, p. 192-198). North Slope lease sales the following year netted 
the state $900 million.

With the capability for large-volume production of crude oil a 
certainty, the next problem was getting it to market. Primary 
alternatives were (a) pipeline either to the Gulf of Alaska or through 
Canada, (b) rail by essentially the same routes, or (c) tanker to the 

Atlantic via the Northwest Passage or through Bering Strait to the 
Pacific. Other alternatives considered but not deemed economically 

feasible were submarine tanker and air transport. Humble Oil spent 

$50 million fitting an ice-breaker bow and protective steel plating on
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the 115,000-ton tanker S.S. Manhattan, and sailed her through the 

Northwest Passage in 1969 and again in 1970. Although the test proved 
that a summer passage with such vessels was possible, the cost of 

transporting crude oil by Manhattan-class tankers was estimated at 
that time to be 20-1+0 percent higher than pipeline and conventional 
tanker. Humble shelved the Manhattan plan in favor of the trans- 
Alaska pipeline (Rice, 1982, p. lU).

Several studies were made on the feasibility of transporting the 
oil by rail. The shortest route would be to Nenana, connecting with 

the Alaska Railroad. The study recommended earlier by the Secretary 
of the Interior for a railroad to Gubic was changed to Prudhoe Bay and 
funded by the Department of Transportation at $2 1/2 million. An 
engineering consortium, Alaska Transportation Corridor Consultants, 
was engaged to determine the engineering feasibility of rail routes to 
Prudhoe Bay and the Kobuk region, and a road to Kobuk from the pro

posed North Slope haul road. The study completed in 1972 concluded 
that a rail system capable of transporting North Slope oil to Whittier 
or Seward, over an up-graded Alaska Railroad from Nenana, would 

require a capital investment of nearly $2 1/2 billion, and annual 
operating and maintenance costs of $261 million. The cost to design 

and build a 300-km (187-mile) road from Prospect on the haul road to 

Kobuk was estimated at $186 million (Tudor-Kelly-Shannon, 1972, Exec. 
Summary, p. 11 & lU).

The advent of Alaska's most recent and greatest economic boom was 
associated with Congressional legislation on two major issues —
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environmental protection and the long-standing problem of aboriginal 

land ownership in Alaska. A nation-wide wave of environmental aware
ness and concern in the 1960s was reflected in the National Environ

mental Policy Act of 1969 (P.L. 91-190), which required the prepara
tion of an Environmental Impact Statement (EIS) on every major federal 
action involving a federal agency, federal lands or federal funds 
which significantly affects the quality of the human environment. 
This embraces matters subject to the Clean Air Act, Water Pollution 

Control Act, Solid Waste Disposal Act, Endangered Species Act, and 
other environmentally or socially protective statutes. The EIS is 

subjected to public comment, and review and approval by the Environ
mental Protection Agency created by the Act, and other federal 
agencies involved. The state followed suit in 1971 with similar 
legislation creating the Department of Environmental Conservation 
(SLA, 1971, Ch. 120). A complex permitting procedure under which a 
mining venture must comply with a series of state and federal regula
tion has since evolved (Fernette, 1983)* Similar regulatory control 
and permitting procedures apply to the construction and operation of 
transportation facilities. (See Louis Berger & Associates and Alaska 

Transportation Consultants, 1983, V.I, p. U5-5^*)
The issue of Native land claims has been on the back of Congress 

since the U.S. acquired Alaska. The 1867 Treaty of Cession merely 
stated that the natives of Alaska would be subject to such laws as the 
United States may adopt. The Organic Act of 188U declared that the 
natives "shall not be disturbed" in the possession of lands claimed by
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them, but terms for acquiring title "is reserved for future legisla

tion by Congress" (Wunnicke, 1968, P* U30-lr3l). Although some land 
was transferred under the Native Allotment Act of 1906, the 1926 

amendment to the Townsite Act and the Indian Reorganization Act as 

amended, Section 1+ of the Statehood Act of 1958 provided that "no 
attempt would be made to deal with the legal merits of indigenous 
rights but the matter would be in status quo for either future 

legislative action or judicial determination" (ibid., p. 1+39)*
Between 1961 and 1968 the Natives filed protest claims totalling 

136 million hectares (337 million acres) over state selected lands, 
and registered strong opposition to the proposed federal Chariot and 

Rampart Dam projects. Project Chariot would have created a harbor on 
the Chukchi Coast near Cape Thompson in Northwest Alaska using a 
subterranean nuclear blast, and the Rampart Dam on the Yukon River _ 

would have created a huge reservoir engulfing the entire Yukon Flats. 
Both projects were dropped in the face of native and public opposi
tion, the nuclear test moratorium, and the lack of economic justifica
tion. The Alaska Natives began to organize, and in 19^7, Indians, 
Aleuts, and Eskimos united to form the Alaska Federation of Natives.

In 1968 Secretary Udall froze all land selections by executive order 
until Congress settled the land claims issue, and congressional 

hearings on proposed legislation were held in 19&9 and 1970.
Both Natives and environmentalists obtained court injunctions 

against the proposed crude oil pipeline and haul road from Prudhoe Bay 
to Valdez in 1970 on the basis that they would cross Native-claimed
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land and did not meet the stipulations of the 1920 Mineral Leasing Act 
and the National Environmental Policy Act. The pipeline partnership 
joined in the lobbying for a Native Claims bill which was being 

drafted by Senator Jackson. When finally the bill was signed into law 

by President Nixon in December, 1971, it had something for Natives, 
conservation interests and the pipeline as well (Naske & Slotnick, 

1979, P- 203-222).
The Alaska Native Claims Settlement Act (ANCSA) was a complex 

measure which not only addressed the legal issue of aboriginal rights, 

but also established the basis for the pattern of land ownership 
throughout the state. In the first place, it extinguished aboriginal 

rights in exchange for granting legal title to 18 million hectares (UU 
million acres) of public land and a cash settlement of nearly $1 

billion. The act also established 12 Native regions, each headed by a 

regional corporation to manage its allocation of land and money. 
Native villages were given a share of the settlement lands, with the 

difference that only surface rights were accorded. Subsurface rights 
of both village and regional corporation lands went to the regional 

corporations, giving them full title to mineral resources.

Secondly, section 17 (d)(2) of ANCSA authorized the Secretary of 

the Interior to withdraw up to 32 million hectares (80 million acres) 

of public domain for possible inclusion in the four national conserva

tion units, i.e., parks and monuments, wildlife refuges, forests, and 

wild and scenic rivers. Section 17 also provided for an advisory 

body, the Joint Federal-State Land Use Planning Commission (JFSLUPC)
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to make recommendations on implementation of the land provisions of 
ANCSA. This commission superceded the Federal Field Committee for 

Development Planning in Alaska, which expired in 1971*
Congress selected a total of nearly 57 million hectares (ll+0 

million acres) of "d-2" lands, which included both the national 
interest lands and buffer zones. All of the d-2 lands were closed to 
selection by the Natives and to mineral entry pending final determina
tion of the new conservation units by Congress in December of 1978, 

after which the remaining d-2  lands would be open to selection and 
entry. When it appeared that Congress would not enact the required 

legislation in 1978, the Secretary of the Interior withdrew kk.5 

million hectares (110 million acres) from development under section 
20U(e) of the Federal Land Planning and Management Act of 1976. 

President Carter created 17 new national monuments under the 
Antiquities Act of 1906, further restricting 23 million hectares (56 

million acres) within the Secretary's withdrawals (Cooley, 198*1, p. 

19-2*0.
Also included in the ANCSA land withdrawals were a corridor for 

the trans-Alaska oil pipeline southward toward Valdez and a corridor 

for a possible alternative pipeline which would traverse Canada 
providing an overland route to the lower U8 states. This latter 160
km (100-mile) corridor skirted around the southern boundary of the 

Arctic Wildlife Range (JFSLUPC, 1977> P« 137)* After an exhaustive 
environmental impact study, Interior Secretary Morton recommended the 

Valdez route. The energy crisis resulting from the Organization of
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Oil Exporting Countries (OPEC) boycott of the U.S. lent exceptional 
urgency to the development of oil supplies, and Congress finally 
authorized the Valdez pipeline. President Nixon signed the bill into 

lav in November, 1973 (Naske & Slotnick, 1979» P* 2^7-252).
In 197^ the Alyeska Pipeline Service Company, a consortium of oil 

companies formed to construct the pipeline, contracted for the 
building of a haul road from the Yukon River to Prudhoe Bay, 580 km 
(360 miles), under an agreement with the state. (Previously the state 
actively supported the project when the Department of Highways under 
the Hickel administration pushed through a winter road in 1968-69 from 
Livengood via Anaktuvuk Pass.) The Yukon River initially was crossed 
by an ice bridge in winter and by cable-drawn air cushion vehicle in 
summer, until a $30 million bridge, jointly funded by Alyeska and the 

state was completed in 1975 (Naske & Slotnick, 1979» P* 252-257)* The 
North Slope haul road, later named the James A* Dalton Highway, became 

the first overland connection between the state's central highway 
network and the vast roadless area north of the Yukon River.

The trans-Alaska pipeline, completed in 1977 at a cost of $9 
billion, gave the biggest boost to the state's econoiqy in its history. 

By 1981, Alaska's crude oil production reached 8l million t (590 
million bbl), more than 90 percent of which came from Prudhoe Bay. 

Taxes and royalties from this production totalled $3*6 billion, due to 
the embargo and price increases forced by OPEC. Following the cut-off 
of Arabian oil which stimulated federal authorization of the project, 
the OPEC price hike of crude oil guaranteed its economic viability.
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The price of crude went from $1.70 per barrel in 1970 to $23*55 by the 
end of 1979 (Krapels, 1982, p. 2^2). The well-head price of Prudhoe 
Bay crude, which determines the level of state royalties and taxes, 

was about $10 below the OPEC price. Prudhoe Bay contributed more than 
90 percent of Alaska's total oil production, a major increment of the 
total oil and gas income to the state in 1979 of $1.7 billion (Alaska 
Oil & Gas Commission, 1979» P* 13, 20-21). On a per-capita basis, 
Alaska had reached the status of a wealthy state.

Meanwhile, expenditures by the private sector for metallic 

mineral exploration increased dramatically in the 1970s, as shown in 
Table 5* Factors which contributed to this increase included:

1) Declining domestic production concurrent with increasing 
demand. Table 6 compares the 1970 and 1979 U.S. demand and domestic 

mine production for selected non-precious metals present in Alasxa. 
Molybdenum was the outstanding exception to the general decline in 
production. In order to continue "the orderly and economic develop
ment of domestic mineral resources (and) reserves", as advocated by 
Congress in the Mining and Minerals Policy Act of 1970 (P.L. 91-631), 
new reserves must be found to replace those depleted beyond economic 

grades (Secretary of the Interior, 1977> P* 80).
2) Nationalization of mining in third-world countries. In the 

late 1960s and mid-1970s, Chile, Peru, Mexico, the Philippines, Zaire 
and Zambia acquired government or domestic control over mines and 
mineral prospects formerly held by international companies. Copper 
mining firms, such as Kennecott, Anaconda, ASARC0 and Phelps-Dodge
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Table 5

Mineral Exploration Expenditures in Alaska 
(excluding oil and gas)

1959-1979

Year

1959
1960

1961

1962 
1963 
196U 

1965 
19 66

1967
1968

1969

Expenditure
1.0 

2.0

1-5
1.0 
1.0

1-5
3.0
2 .0  

1+.0 

5-0 

7-0

($ million)
Year

1970

1971
1972

1973 
197^

1975
1976

1977
1978

1979

Expenditure

7-5
10.0

7.5
7.0
6.0  

15-0

35.0
63.0 

76.5 
65.O

Source: Bundtzen, et al., 1982, Review of Alaska's Mineral Resources.
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Table 6

U.S. Mineral Industry, 1970-1979
a. Annual U.S. Demand & Domestic Production 

(metric tons except as noted)

Metal 1970
Demand Production Demand

1979
Production

Copper
Iron
Lead
Molybdenum
Nickel
Tin
Tungsten
Zinc

1,U26x103
8U.1ix10

752xl03
I9 ,l66xl03lb

17^.7xl03SMxlO3
l6,565xl03lb
l,170xl03

1 ,560x103
59«^xlO
519xl03

lll,352xl03lb
15.6x103

W
9 ,625xl03lb

It85xl03

1,83^x103 l,Ullxl03
79-^xl06 60.0x10
731xl03 526x103

73,682xl03lb Il3,967xl03lb 
" 11.9xl03

W
6,6l3xl03lb

199.2xl03 
!+1.0xl03 

20,398xl03lb 
l,009xl03 207x10-

W - Withheld to avoid disclosing company proprietary data.

b. U.S. Average Annual Prices 
(Current and 1972 Constant)

Metal Current Dollars Constant Dollars

1970 1979 1970 1979 % Change

Copper 0.58/lb 0.92/lb 0.63/lb 0.5/lb -13
Lead 0.15/lb 0.58/lb 0.17/lb 0.35/lb +106
Molybdenum 1.72/lb 8.U0/lb 1.88/lb 5.0U/lb +168
Tin 1.7^/1B 7.66/lb 1.90/lb U.60/lb +1U2
Zinc 0.15/lb 0.39/11) 0.17/lb 0.27/lb + 59
Gold 36.U7/0Z 329.25/oz 39*91/oz 197.55/oz +39^
Silver 1-77/oz 11.39/oz 1.9^/oz 6.83/oz +252

Sources:
a. U.S. Bureau of Mines, 1980, Mineral Facts and Problems.
b. Conwell, 1979> "Mineral Commodity trends and the Alaskan

mining industry", Mines Geology Bulletin, v. 28, n. 3 
(Sept.).
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were among those affected (Mikesell, 1979» P* 33-36). As a result 
these and other companies increased their exploration activities in 
Alaska.

3) Japanese interests in Alaska's resources and Alaskan interest 
in developing trade relations with Japan and other Pacific Rim 
nations. Japan is heavily dependent on imports of fuels, metallic 
minerals, forest products, fibers and foodstuffs (Tussing, et al., 
1968, p. 3-̂ )* In 1976, Japan accounted for 70 percent of all imports 

of copper concentrates (Mikesell, 1972, p. 26). Japanese firms have 
invested in exploration and economic studies of Alaskan mineral 
deposits, and by 1976 had expended more than $1.5 million for mining 
feasibility studies of coal, iron ores and fluorite. Japan 
established a consulate in Anchorage, and the state of Alaska opened 
an office in Tokyo to serve as a contact point between Japanese and 

Alaskan businessmen.
It) Changes in government policy in Canada. A reduction in tax 

incentives for the mineral industry in British Columbia prompted an 

increase in exploration in Alaska by Canadian mining and exploration 

firms.
5) Federal legislation. Under the provision of the Native Claims 

Settlement Act (ANCSA), the Federal Land Policy and Management Act 

(FLPMA) and the Naval Petroleum Reserve Production Act of 1976 (P.L. 
9U-258), the U.S. Geological Survey and the Bureau of Mines were 

directed to determine the mineral potential of the d-2 lands, BLM 
wilderness study areas, and the National Petroleum Reserve, Alaska
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(NPRA, formerly NPR-U). The USGS initiated an Alaska Mineral 
Resources Assessment Program (AMRAP) in 1975 to conduct a systematic 
assessment of all potentially mineralized lands of Alaska at a scale 
of 1:250,000 (l inch = H miles), in participation with the Alaska 
Division of Geological and Geophysical Surveys (Secretary of the 

Interior, 1977, p. 25-26, 82, 88-89).
6) Native interest in mineral development. Several of the 

regional Native corporations entered into agreements with oil and 
mineral companies for exploration on lands selected under ANCSA 

(Minerals Yearbook, 197^, p. 57)«
7) Increase in metal prices. Most of the common Alaskan metals 

showed an increase in real value by 1979> with most of the gain in the 
latter half of the decade (Table 6b). Copper was a major exception—  

although the current monetary price approached $1.00 per pound, its 

value in constant dollars declined. The price of domestic gold rose 
at a much greater rate than other metals when the OPEC countries began 
buying gold with their abundant petrodollars. Speculation in silver 
occurred also, and for a brief period in 1980 gold and silver rivalled 
the 1000 percent real dollar crude oil price increase (Wolfe, 198U, p. 

125-127, 160-167). The strong position of gold and silver resulted in 
both a revival of gold placer and lode mining and an increase in 

exploration for polymetallic deposits with gold and/or silver values.
8) Increased availability of funds for exploration. In the 1960s 

a number of major oil companies began to diversify, investing in other 

than energy-oriented enterprises. The copper industry lent itself to
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oil capital investment as it, too, is an extractive, energy-intensive, 
long lead-time industry relying on geological exploration. Cities 
Service and Pennzoil were the first, buying up Tennessee Copper and 
Duval. Others followed, including Standard Oil of Indiana (Cyprus), 
Atlantic Richfield (Anaconda) and Standard Oil of Ohio (Kennecott) 
(Sousa, 1981, p. 39; Wolfe, I98U, p. 8l). Anaconda and Kennecott have 
been among the most active exploration firms in Alaska.

The course of exploration for nonfuel minerals in the 1970s is 

indicated by the annual levels of expenditures shown in Table 5- 

Early in the decade, Southeastern Alaska had the greatest amount of 
activity, with particular interest in iron, copper and nickel. The 
Marcona Corp., a joint enterprise of Cyprus Mines and Utah Construc

tion & Mining, planned a $130 million iron mining complex at Port 
Snettisham to ship pelletized concentrates to Japan (Minerals 
Yearbook, 1970, p. 82-83). Iron Ore of Alaska, a subsidiary of 
Mitsubishi International, acquired rights to the Klukwan deposit and 
engaged the H.J. Kaiser Co. to conduct a feasibility study of the 
property. The process considered in the Kaiser study would concen

trate and powder the ore at the mine site and deliver it by slurry 
pipelines to Haines, where a $123 million plant would produce 5^*000 

t (600,000 st) per year of pellets containing 68 percent iron for 
shipment by water (Minerals Yearbook, 1971> P« 8l). Neither of these 
projects got off the ground. Mitsubishi dropped its option on the 

Klukwan deposit in 197^, probably because of the economics of proces
sing and transport, lack of fuel or power, and environmental protests
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(Minerals Yearbook, 197*+, p. 69)*
Elsewhere in Southeastern Alaska, significant nickel-copper- 

cobalt deposits were delineated on Yakobi Island and nearby Mirror 

Harbor beginning in 1971* Drilled reserves on Yakobi Island contain 
73 million kg (l60 million lb) of nickel, 36 million kg (80 million 
lb) of copper and 3*6 million kg (8 million lb) of cobalt (Eakins, et. 
al., 1982, p. 15)* The Brady Glacier deposit in Glacier Bay National 
Monument, patented by the Newmont Mining Company in 1965, was planned 
for development by Newmont, Union Pacific, and Cities Service after 
drilling indicated more than 100 million t (110 million st) of 0.3 

percent copper, 0.53 percent nickel and 0.35 percent cobalt (Bundtzen, 

1983, p* *+5)* Development was deferred, however, by Congressional 
legislation in 1976 restricting mining activity in units of the 

National Park System (P.L. 9k-k29). Uranium exploration was active, 
and 50,000 t (55,000 st) of uranium ore were produced at the Bokan 

Mountain mine in 1971 (Minerals Yearbook, 1971, P* 8l).
The most important discoveries in Southeastern Alaska were the 

large molybdenite deposit at Quartz Hill in the Tongass National 

Forest about 72 kin (1+5 miles) east of Ketchikan, and the rich poly
metallic massive sulphide deposit at Greens Creek about 19 km (l8 

miles) southeast of Juneau. The Quartz Hill deposit was explored by 

U.S. Borax and Chemical Corp. beginning in 1971* Five years of 
intensive exploration and drilling confirmed one of the world's 
largest molybdenum deposits. In 1977 U.S. Borax applied to the Forest 

Service for an access road permit, but environmental groups thwarted
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construction of the road (Minerals Yearbook, 1977, p. 62). Explora
tion work continued until 1978 when the Misty Fjord National Monument 
was created by presidential decree and proposed as a wilderness area 
enclosing Quartz Hill. Development work was deferred until Congress 
acted on the lands issue in 1980 (Eakins, et al., 1982, p. 15)*

In 1971+ Pan Sound Joint Ventures, a consortium of Noranda, 
Marietta Resources, Exalas Resources and Texas Gulf began explorations 
in Southeastern Alaska. After three years of work, Pan Sound 

announced the discovery of significant base- and precious-metal 
deposits at Greens Creek, subsequently estimated to contain 3 million 
t (3*5 million st) of ore grading 10 percent combined copper, lead and 
zinc with about 12 oz/ton of silver and 0.16 oz/ton of gold. In 1978, 
the four companies plus a subsidiary of Bristol Bay Regional Native 

Corporation formed Greens Creek Joint Ventures to begin development of 

the property (ibid., p. lU-15; Smith, 1982, p. 118).
The development of large, low-grade porphyry copper deposits in 

British Columbia stimulated interest in similar deposits in east- 

central Alaska in the early 1970s. These included the Orange Hill and 

Bond Creek deposits in the Wrangell Mountains area. Orange Hill was 
estimated by the USGS to contain 180 million t (200 million st) of ore 

averaging 0 .̂  percent copper, 0.02 percent molybdenum, 0.02 oz/ton 

gold and 0.08 oz/ton silver. This was comparable to the Lornex 
deposit in Highland Valley, B.C., scheduled to begin production in 

1972 (Mineral Yearbook, 1969, P* 8U; 1971, P* 80). None of these 
Alaskan porphyry projects went beyond the exploration stage.
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In the mid-1970s emphasis switched to the Brooks Range, where 
Bear Creek Mining continued active exploration despite the set-back in 
the development of the Bornite mine, and the DeLong Mountains to the 

west where Irvin Tailleur of the USGS reported lead-zinc mineraliza
tion in 1970. Exploration by Bear Creek, Sunshine Mining, Anaconda, 
Cominco, GCO and others resulted in the discovery of several large 

volcanogenic massive sulfide deposits in the schist belt along the 
southern Brooks Range. These include the Arctic (36 million t [1*0 
million st] averaging 1* percent copper, 5*5 percent zinc, 1 percent 
lead, 1.2 oz/ton gold and 0.02 oz/silver), Sun (copper, lead, zinc, 
and silver valued at more than $1 billion), and Smucker (significant 

tonnage of copper-lead-zinc ore containing 3 to 10 oz/ton of silver).
In the DeLong Mountains area, major strata-bound massive sulfide 

lead-zinc-silver deposits were discovered in the headwaters of the 

Wulik River. Cominco's Red Dog deposit (77 million t [85 million st] 

assayed at 17.1 percent zinc, 5 percent lead and 2.1* oz/ton silver), 
and GCO's Lik deposit (22 million t [2l* million st] , 9 percent zinc,
3.1 percent lead and 1.1* oz/ton silver) have been identified, and 

other deposits in the vicinity are known to exist (Eakins, et al., 
1981*, p. 1*2; Bigelow, 1982, p. 88-112). Bureau of Mines geologists 

engaged in assessing the mineral resources of the NPRA discovered 
several mineral occurrences similar to Lik and Red Dog along the north 
flank of the western Brooks Range, which may indicate a possible major 
mineral belt extending 190 km (120 miles) along the north flank of the 

Brooks Range (Minerals Yearbook, 1978-79> P* 7̂)»
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Two non-metal lie deposits became prominent during this period. 
In 1970-71 Lost River Mining Corporation, a Canadian firm, drilled a 
major fluorite deposit at Lost River in western Seward Peninsula, 

outlining 25 million t (28 million st) of ore averaging 16.1 percent 
fluorite (CaFl2), 0.151 percent tin and 0.033 percent tungsten (WO3). 
The company, in coordination with the Bering Straits Native Corpora
tion, planned to develop the deposit, together with a public community 
and a deep water (11 m; 35 ft depth) port. A public town and port 

were considered preferable to a company town and private port in that 
the former would contribute to the economic growth of western Seward 
Peninsula, and would be a more suitable port for the city of Nome as 

it was less susceptible to silting than the harbor at Nome. After 
hearing the company's proposal, the Alaska legislature passed a 

Development Cities Act in 1972 to "provide planning, finance and other 
assistance necessary for orderly development of well-planned, diversi
fied and economically sound new cities necessary to support the sound 
development of the state's resources by both the private and public 
sector" (SLA, 1972, Ch. 110). The company would finance the mine and 

mill at $U5 million, with $15-20 million of state funding for the dock 
facility and $30-35 million in federal aid for the townsite under the 
Urban Growth and New Community Development Act of 1970 (Robertson, 

1973, p. 35-36).
The public town and port proposals failed to elicit the necessary 

funds, and in 197*+ the company submitted a request to the U.S. Army 
Corps of Engineers for a smaller town at the mouth of Lost River,
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tailings disposal, and a private dock at Port Jackson near Brevig 
River to the east. Although an EIS prepared by the Corps of Engineers 
found that the environmental and social impacts of this plan would be 

minor, and that the beneficial impacts include a new source of metals 
independent of foreign sources, local employment, and the development 
of a seaport in an area presently without such facilities (U.S. Army 
Corps of Engineers, 1976, p. l-l6 & Summary), development of this mine 
failed to materialize.

Doyon Ltd., a regional Native corporation in Interior Alaska, 

selected lands around Slate Creek, some 85 km (53 miles) southwest of 
Eagle, where USGS geologists had found showings of asbestos in 1968. 
A partnership of Doyon, MacIntyre Mines, Ltd. and General Crude Oil 

Co. initiated an exploration program, and in 1978 confirmed the occur
rence of chrysotile fiber-bearing rocks. Subsequent drilling 

delineated 50 million t (58 million st) of 6.35 percent chrysotile, 
one of the largest asbestos deposits in the U.S. (Minerals Yearbook, 

1978-79, p. 1+8; Bundtzen & Smith, 1982, p. 70-71)*
Several other potentially significant discoveries were made prior 

to 1980. In the southern Interior, massive-sulfide copper-lead-zinc- 

silver deposits were found on the north flank of the Alaska Range near 

Tok Junction on the Alaska Highway (the "Delta Belt"), and tungsten in 

the Twin Mountain area east of Fairbanks (Bundtzen, et_ al., 1982, p. 9 
& App. B). North of the Yukon, in the pipeline corridor, tin was 

found at Sithylemenkat Lake west of the Dalton Highway and tungsten at 

Bonanza Creek south of the Chandalar lode gold district. Both of
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these deposits are on Native land, and are being investigated by the 
regional corporation, Doyon, Ltd. (Louis Berger & Assoc., 1983, V. II, 

p. 86).
Overall the ten-fold increase in exploration expenditures, from 

less than $7 million in 1970 to a peak of $75 million in 1978, was 
exceptionally productive. Six major world-class metal deposits (with 
gross metal values exceeding $1 billion) were identified. Five of 
these were in the western Brooks Range (Arctic, Sun and Sraucker in the 
schist belt on the southern flank; Lik and Red Dog in the DeLong 
Mountains lead-zinc-silver belt), and one, the Quartz Hill molybdenum, 
was in Southeastern Alaska. Two others would be considered world- 
class with favorable metals prices, i.e., the Greens Creek silver-rich 
deposit and the Yakobi Island copper-nickel prospect. Conwell (1979) 

estimated that $37 billion worth of metal in place, at 1979 price was 
found, net including the Red Dog deposit for which information had not 
been released. Adding the estimated value of this deposit (at 1979 
prices) would bring the total gross metal value to nearly $55 billion 
discovered from an exploration expenditure of about $25^ million 
during the decade.'

Less than half a cent of exploration located a dollar's worth of 
metal, a respectable achievement compared to the discovery of $1 in 
metal value per 5^ of exploration expended considered successful in 
areas where exploration dollars go farther than in Alaska (Conwell, 

1979> P* 10). This performance is all the more remarkable in view of 
the fact that prior to the decade of the 1970s only two world-class
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deposits, Bornite and Brady Glacier, had teen discovered since the 
pre-World War II placer gold bonanzas and the fabulous Kennecott 

copper deposits. The iron deposits of Southeastern Alaska contain ore 

bodies exceeding $1 billion in gross metal value, but they cannot 
compare in size and grade with such world-famous deposits as those at 
Shefferville in Canada and Kiruna in Sweden.

With the advent of the trans-Alaska pipeline, many Alaskans 
perceived the ensuing accelerated industrial and population growth as 

a threat to the quality of life to which they had become accustomed, 
exemplified by such parameters as nearness to abundant open space and 

a sense of community where they lived. The revenues anticipated from 
the production of Prudhoe Bay oil were seen as a source of funds for 
continued operation of the state government and the provision of basic 
services, hence additional growth after the pipeline construction 

period would not seem to be necessary (Harrison, 1975» P* )̂* The 
magnitude of the opposition to growth and development was evident in 

the 197^ gubernatorial election year, when Jay Hammond campaigned for 
a rein on development and the proliferation of highways. He defeated 
former governors Hickel and Miller in the Republican primaries, and 
won the election by a narrow margin over Democratic incumbent William 

Egan, the state's first governor (Hanrahan & Gruenstein, 1977, Ch IV; 
Naske & Slotnick, 1979> P* 187-188).

Major policy features of the Hammond administration included 
maximizing revenues from non-renewable resources; using revenues from 
non-renewable resource industries to support long-term renewable
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resource development in fisheries, forestry, agriculture and tourism; 
and not attracting new industry unless it can pay its own way while 
complying with environmental constraints. In 1975 Governor Hammond 

created an 11-member Growth Policy Council chaired by the Lieutenant 
Governor to "help the Governor define critical problems affecting the 
growth and development of Alaska"(Alaska Growth Policy Council, 
1980, p. l). The Council, in turn, created the Alaska Public Forum to 
broaden the public's participation in developing major state policies 

(Naske & Slotnick, 1979» P* 189).
Long-range planning, formulation of policies from recommendations 

of the Growth Policy Council and other advisory bodies, coordination 
of plans and policies of state agencies, and management of special 
programs were vested in the Division of Policy Development and Plan
ning (DPDP) established in the Office of the Governor in 1975* This 
division was given responsibility for the development and implementa

tion of the Alaska Coastal Management Program created by the legisla
ture in 1977 (SLA, 1977, Ch. 8U). This program resulted from the 
federal Coastal Zone Management Act of 1972, which requires that 
development of industrial or commercial enterprises in the coastal 
zones of the state be consistent with social, economic and environ
mental interests of the inhabitants, and enhance the coastal environ
ment. It was the first sustained effort at cooperative land planning 
between municipal and state governments in Alaska (Weeden, 198^, p. 

lUl).
In 1975> the legislature assessed a 10-mil ad valorem tax for a
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two-year period against oil and gas properties having proven reserves 

(SLA, 1975, Ch. 159)* This tax was credited against future 
production, and was essentially a loan to the state from the oil 
companies for the period the pipeline was delayed. Governor Hammond 

introduced a bill to increase severance taxes on oil production in 
1977. It was passed in a somewhat reduced form, raising the top rate 
of 8 percent of gross value to 12.k percent, and at the same time 
raising the natural gas production tax from h percent to 10 percent. 

The total tax burden for Prudhoe Bay oil production was the highest in 
the nation, 15 percent above California and nearly twice the rate of 
Wyoming oil taxes (international Business, 1978, p. 1^-15). In 1975 
the Governor introduced a bill for a 5 percent severance tax on gross 
profits of a mine development (in addition to the existing mining 
license tax of up to 7 percent of net profits). It was bitterly 

opposed by the mineral industry, and although reintroduced in 1976, 
was withdrawn from the legislature without coming to vote (Alaska 

Information Service, 1976, p. k).

The question of what to do with the increasing but finite oil 
wealth was a major policy issue. The $900 million bonus windfall of 

1969 was depleted by capital expenditures and funding of expanded 
state government operations and services. This led to the 1975 ad 
valorem tax referred to above. Recommendations were sought by the 
administration and the legislature from in-house, outside consultants 
and the public. Options considered were a savings bank, a loan fund 
for economic development, investment in state capital projects, and
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direct distribution to the residents of Alaska.
In 1976 the public voted in an amendment to the state consti

tution establishing a permanent fund as a reservoir for use after the 
oil revenues declined. At least 25 percent of mineral revenues 
(except severance taxes) are to be paid into the fund annually, the 
principal of which is to be used only for income-producing investments 
as designated by law, and the income deposited in the general fund 
unless otherwise provided by law (Alaska Constitution, Article IX, 
Sect. 15). After a period of lengthy study and review, the legisla

ture in 1980 created the Permanent Fund Corporation to manage the fund 
with a mandate to "maintain the safety of principal while maximizing 
total return" and to "allow maximum use of disposable income from the 
corporation for purposes designated by law" (A.S. 37*13.020).

The legislature established the Alaska Power Authority in 1976 in 
response to emphasis given to the development of renewable resources 
as a long-term contribution to the state's economic base as well as to 
provide economic electric power throughout the state. It was 
authorized to propose, finance, build, and operate hydroelectric as 
well as other power projects (except nuclear) in Alaska. In 1978 the 

legislature established the Alaska Renewable Resources Corporation 

(ARRC), a public corporation of the state within the Department of 
Revenue, but legally independent of the state. Five percent of 
receipts from mineral leases and royalties were allocated to the ARRC 

and the renewable resources investment fund to be managed by the 

corporation (SLA, 1978, Ch. 179)*
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The Hammond administration and the legislature paid serious 
attention to industries which could enhance the returns from natural 
resources with a high revenue-to employment ratio. Oil production has 

the highest ratio of public revenues yielded per employee to public 

expenditures required to service its employees in (1979 $216,000 per 
employee in taxes, royalties, and other payments/$5,300 per capita in 
state expenditures = 1+0:1; for non-petroleum industries the ratio is 

$2,300/$5,300 = 0.1+3:l) (Morehouse, 1981+, P* 18U). Petrochemical 
plants using Alaska gas or oil as feedstock offer the potential of 

adding to revenues from petroleum production at a lesser but still 
high re venue/employee ratio. The state invited proposals for both oil 
and natural gas petrochemical projects, none of which appeared 
economically viable at contemporary petroleum prices (Tussing, 1981+, 
p. 63; Morehouse, 198U, p. 196).

Long-range planning in the Alaska Department of Highways since 

its inception has included consideration of extensions of the road 
network to the west and north to link the more remote population 
centers with the rest of the state. The $900 million 1969 bonus and 
the anticipation of Prudhoe Bay oil revenues offered the possibility 
of funding increased road construction, and in 1973 the department 
prepared a 20-year plan to connect population centers of 1,000 or more 

(namely Barrow, Bethel, Dillingham, Kotzebue and Nome) (Alaska 

Department of Highways, 1973). The following year the U.S. Bureau of 
Land Management proposed a system of multimodal corridors intended for 
high-volume bulk transport of energy-related resources from point of

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



225

pipelines for resources of national or statewide significance (U.S. 

Bureau of Land Management, 197^» P« 2). The mineral industry 
repeatedly stated the necessity for an improved transportation system, 

particularly a road or railroad to the north, as well as a stable 
investment climate, in order to develop the comparatively rich Brooks 

Range mineral deposits (Heatwole, 1980, p. 19)* The estimate of 
revenues and employment resulting from mineral production projected by 
SRI International cited earlier was predicated on the existence of a 

rail link to the Brooks Range region (SRI, 1978, p. U).
In the decade of the 1970s the only major new roads added to the 

state system were the Parks Highway between Anchorage and Fairbanks 
(already under construction) and the Dalton Highway to Prudhoe Bay 
(built by Alyeska). The Highway Department and BLM "spaghetti maps" 
were actively opposed by conservation groups, and by rural Alaskans 
who were making it clear they did not want road connections with 
Anchorage or Fairbanks (Weeden, 1978, p. 178). Roger Lang, former 
president of the Alaska Federation of Natives, stated the Native view 
succinctly: "In rural Alaska, roads, people, and oil are all pollu

tants" (Alaska Growth Policy Council, 1980, p. ll). Jay Hammond's 

1971+ campaign for governorship pledged consolidation of transportation 
agencies under a single department and subjection of transportation 
planning to public review in the early stages. In 1975 be appointed 
Walter Parker, former transportation planner on the Federal Field 
Committee and Anchorage Borough assemblyman, to head the Department of 
Highways. Parker was intimately familiar with the communities of
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Western Alaska and their transportation needs, and was an active 
advocate of multimodal transportation planning. In 1977 Governor 
Hammond created the Department of Transportation and Public Facilities 

from the former Department of Highways and Public Works (A.O. 11, 
1977)* A series of regional, multimodal transportation studies was 
initiated which were intended to be the basis for a statewide compre
hensive transportation planning system as mandated by the Governor’s 
administrative order.

After four years of Congressional study, hearings and debate, the 
ANCSA d-2 lands issue was settled by the Alaska National Interest Land 
Conservation Act of 1980 (ANILCA), signed by President Carter on 

December 8 of that year (P.L. 96-^87)* This legislation profoundly 
affects the Alaskan mineral industry in that it precludes or restricts 

mineral development in the national conservation systems established 
by the Act, and also transportation through those systems to areas 

open to development. The Act classified 51*5 million hectares (127*3 
million acres) as National Park and National Wildlife Refuge system 
lands, within which nearly 21 million hectares (52 million acres) are 

designated as wilderness. In addition, 2.2 million hectares (5*5 
million acres) within the National Forest system were designated as 

wilderness (U.S. Bureau of Mines, 1982, p. 15-17*)
Development of any kind is prohibited in the wilderness areas, 

and hard-rock mineral exploration and development activities are 
generally considered incompatible with the purposes for which National 

Parks and Monuments and National Wildlife Refuges were created. An
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additional 9*3 million hectares (23 million acres) were closed to 
mining and mineral leasing in the National Petroleum Reserve, Alaska, 
under the Naval Petroleum Reserves Production Act of 1976. The area 

efectively withdrawn from hard rock mineral exploration and develop
ment under the two acts totals nearly 63 million hectares (156 million 
acres), about k2 percent of the Alaskan land base (ibid., p. 17). The 

distribution of these controlled areas is shown in Figure 17*
The impact of ANILCA on Alaska's nonfuel mineral development 

potential is significantly acute, as pointed out in the U.S. Bureau of 
Mines analysis cited above: "[T]he geologic forces which created many 
of Alaska's natural and scenic wonders were the same geologic forces 
that resulted in concentrations of minerals, thus a direct conflict 
exists between preservation and mineral development. Congress was 
therefore faced with a very difficult job in protecting the national 
interest by attempting to achieve a balance between resource develop

ment and preservation." (ibid., p. 22).
The Red Dog lead-zinc-silver deposit in Northwestern Alaska and 

most of the Ambler copper district on the south flank of the Brooks 

Range were excluded from conservation systems boundaries. In South
eastern Alaska the Greens Creek and Quartz Hill deposits, though in a 
National Forest Monument, were given special conditions for access and 
development. The Brady Glacier copper-nickel deposit lies within the 
Glacier Bay National Park wilderness and those on Yakobi Island are 

included in a wilderness area in the Tongass National Forest, 
precluding their development unless authorized by Congress. Out of an

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

Figure 17. Alaska National Interest Lands 228



229

estimated 53 million hectares (130 million acres) of highly favorable 
nonfuel mineral terranes in Alaska, more than 60 percent (32 million 
hectares; 80 million acres) is prohibited or severely restricted from 

development (ibid., p. 2b).
Procedures for obtaining access across conservation units are 

specified in Title XI of ANILCA. A consolidated application form must 
be submitted to the Department of Transportation and all other appro
priate agencies, from which the lead agency will prepare a draft 

Environmental Impact Statement (EIS) within 9 months after filing of 
the application. The draft EIS will be subjected to public hearing 

and review, and a final EIS must be completed 3 months later. If the
application is for a non-wilderness area and is covered by an applic
able law, each federal agency reviews the application and final EIS 
within U months. If all agencies approve, the application is 

authorized. If one or more agencies disapprove, the applicant may 
appeal the decision to the President. The President then must make 
the final decision to approve or deny the project within H months. 

The maximum time for this procedure is thus 20 months.
If the proposed project is to be in a wilderness area or is not

covered by applicable law, within 1; months from publication of the 
final EIS each federal agency must submit its recommendation to the 
President. The President may then deny the project or recommend its 
approval to Congress within the next  ̂months. Within 120 days after 
start of the next session, Congress must approve or deny the presi
dential recommendation. There is no provision for an administrative
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appeal of a denial by the President or Congress, but the applicant may 
file suit in the federal court system to challenge such decision. The 
total elapsed time for a Congressionally-approved application may 

approach 3 years (Louis Berger & Assoc., 1982, V. I, p. k2).
Special provision for access to the Ambler mineral district is 

made under Title II of ANILCA. Section 201(10(6) states: "Congress 
finds that there is need for access for surface transportation 
purposes across the Western (Kobuk River) unit of the Gates of the 

Arctic National Preserve (from the Ambler Mining District to the 
Alaska Pipeline Haul Road)". The applicant must file an application 

for right-of-way as under Title XI. After a 30-day public review 
period, the Secretaries of Interior and Transportation will jointly 
prepare an environmental and economic analysis in lieu of an EIS to 
determine the most desirable route and conditions for the right-of- 

way. The analysis is to be completed within one year, after which the 
secretaries have 60 days to agree on a route for issuance of the 
right-of-way across the preserve (ANILCA, Sect. 201 (10 (b) through
(c)). Unless amended by Congress, ANILCA guarantees the applicant a 
reasonable right-of-way across the "boot" of the Gates of the Arctic 

National Preserve.
Although ANILCA withdrew a considerable area of potentially 

mineralized land from development, settlement of the complex d-2 and 
Native land issues provided a degree of stability for the development 

of Alaska's mineral resources (Sims & Green, 1985, P» 15)* In recog
nition of the lack of adequate knowledge of the mineral potential in
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many areas, Section 1010 of the Act directs the Secretary of the 
Interior, in coordination with state agencies, to "assess the oil, 
gas, and other mineral potential on all public lands in the State of 

Alaska in order to expand the data base with respect to the mineral 
potential of such lands".

During the final years of the Hammond administration a more 
positive attitude towards mining emerged in the state government. 
Regional transportation studies directed by the Department of Trans

portation and Public Facilities assessed the resource potential, 
including minerals, of the study region. The additional transporta

tion demands which would be generated by future development of these 
resources were estimated, and potential transport facilities were 
evaluated. The region west of the Alaska Range and north of the Yukon 

River was covered in the Western and Arctic Alaska Transportation 
Study (WAATS) by Louis Berger & Associates (1980 & 1981) and the 
Interior Alaska Transportation Study (IATS) by Louis Berger & 
Associates and Alaska Transportation Consultants (1982).

The WAATS devoted a considerable portion of the study effort to 

transportation system requirements for the development of mineral 
resources in Northwestern Alaska. Potential development in the Noatak 
zinc belt, the Ambler copper district, and on Seward Peninsula were 
identified, and technically feasible transportation modes to support 
these developments were assessed. The modes considered were rail, 
heavy-haul truck road, slurry pipeline, and barge. The analysis of 

these alternatives indicated that for the Red Dog-Lik deposits a haul
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road to the Chukchi coast would he most effective at an annual traffic 

volume of 227,000 t (250,000 st), and a slurry pipeline would be more 
cost-efficient at an annual through-put of U5lt,000 t (500,000 st). A 

railroad would not be a least-cost mode at any level up to 1.36 

million t (1.5 million st), a rate higher than that considered 
feasible for this district (Louis Berger & Associations, 1980, Summary 

Report, p. 25).
For the Ambler district, routes to the Interior, the Chukchi 

coast, and the Bering Sea were evaluated. Analysis of these alterna

tives indicated that a railroad to Nenana would be the lowest cost 
alternative at annual tonnages greater than 1.7 million (1.9 million). 
Even at these optimum annual tonnages, metal prices at least 5 or 6 

percent above the 1980 market values would be necessary to make a 
financially feasible operation possible. The consultants acknowledged 

the limitations of the analyses based on the assumptions used, and 
recommended a research program to determine the technical and economic 

feasibility of a slurry pipeline system for transportation of base 

metal concentrates in Arctic Alaska (ibid., p. 23-28).
The IATS covered the ^5*7 million-hectare (113 million-acre) area 

of Doyon Ltd., a regional Native corporation in Interior Alaska. 
Nearly half of this acreage lies north of the Yukon River. Though the 

major part of the study dealt with the existing transportation in the 
region, extensions of the road network and the Alaska Railroad to 
potential mining areas were assessed. In addition to the road and 

rail routes to the Ambler district, which were treated in WAATS, the
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study looked at a rail extension via the Delta Junction agricultural 
area to the Delta Belt mineral deposits near Tok. This rail line 
would be along the railroad and utility corridor right-of-way from 

Fairbanks to the Canadian border selected by the DOTPF as mandated by 
the legislature in 1981 (SLA, 1981, Ch. 85)» Feeder roads and road 
extensions to other mineral deposits including the Bonanza Creek 

tungsten and Sithylemenkat tin deposits adjacent to the Dalton 
Highway, the Twin Mountain tungsten district east of Fairbanks, the 
Slate Creek asbestos deposit off the Taylor Highway southwest of 
Eagle, and an alternate road to the Kantishna district in the Denali 

National Park Preserve were evaluated.
The study concluded that: (a) the rail extension to Tok would

not be economically feasible unless it would carry tonnages well in 
excess of the assumed 1*50,000 tpy (500,000 stpy) or world market 
prices for metals increased significantly; (b) feeder roads to Bonanza 
Creek, Sithylemenkat and Slate Creek could be negotiated between 
Doyon, Ltd. and the state government under existing laws, particularly 
A.S. Title 19, Chapter 30; (c) the highway extensions to Twin Mountain 
and Kantishna should be considered by the state government as both 
would provide access to recreational areas and national conservation 
units as well as to serve mineral developments (Louis Berger & Assoc., 

and Alaska Transportation Consultants, 1982, Exec. Summary; Vol. IV, 
pp. 18-31 & 106-112). Additional information of these and other 
analyses are presented in the Appendix.

In 1981 the Alaska State Land Act (AS 38.05«l85) was amended to

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



23^

preclude closing of state lands to mining or mineral location unless 

the Commissioner of Natural Resources finds that mining would be 
incompatible with surface uses of the land (SLA, 1981, Ch. 108). The 
legislature in that year appropriated $10 million to the Department of 
Commerce and Economic Development for the mining loan fund (SLA, 1981, 
Ch. 72). That Department established the Office of Mineral Develop
ment (OMD) in Fairbanks as an advocacy group for the development of a 
viable Alaska mining industry in a responsible and orderly manner. 

Functions and programs of the OMD include:
(a) Providing to the mineral industry, government agencies and

the public current information relating to Alaska's mineral 
resources, mining activity statistics, and market 
activities.

(b) Coordinating and assisting government task forces dealing
with specific mineral development projects, e.g., Quartz 
Hill and Red Dog.

(c) Providing input for EIS on mineral developments.
(d) Advising the administration and the legislature in the

promulgation of realistic and fair statutes and regulations 
pertaining to mining.

(e) Spearheading the introduction of a basic resource education 
program in the Public School System.

In the 1982 session the legislature designated the mining loan 
fund as a revolving fund consisting of appropriations by the legisla

ture and repayments of principal and interest (10 percent) on loans 
made from the fund (SLA, 1982, Ch. 113)» The former Alaska Renewable 
Resources Corporation was replaced with the Alaska Resources Corpora
tion, which included mining, basic manufacturing and other industrial 

development as well as renewable resources (SLA, 1982, Ch. lU2). The
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purposes of the corporation are to facilitate the enhancement and 
development of the state's resources so as to strengthen and diversify 

the state economy and reduce the state's dependence on oil and gas, 
and to support the establishment and expansion of small, resource- 
oriented enterprises by providing development capital. A development 

capital fund was established in the corporation for this latter pur

pose.
With the increase in oil revenues during the early 1980's, 

management of this wealth became a dominant political and social 
issue. The state income tax, previously the principal source of 

recurring state revenues, was repealed in 1980. Governor Hammond 
urged the legislature to distribute a portion of the Permanent Fund 

dividends directly to Alaska citizens. The first law enacted for this 
purpose provided for varying cash amounts according th length of 

residency in the state, with a maximum of three years. A U.S. Supreme 
Court judgment in 1982 found that the law discriminated against recent 
arrivals, and hence was in violation of the equal protection clause of 
the U.S. Consitution. The legislature then enacted a new permenent 
fund dividend law in 1982, changing the eligibility requirement to 6 

months residency, and authorizing a fixed case distribution of 50 

percent of the fiscal year earned income of the permanent fund as 
dividends (SLA, 1982, Ch. 102). The first dividend appropriation was 
$Ul million, from which each eligible citizen in Alaska received a 

thousand-dollar check in 1983 (SLA, 1983, Ch. 6).
The gubernatorial campaign of 1982 focused largely on the issue
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of oil wealth, which had begun to decline by this time as world oil 
prices dropped in response to the oversupply from the OPEC-induced oil 
boom. Republican Tom Fink from Anchorage advocated spending the oil 

revenues for capital projects and low-interest housing and business 
loans to promote early expansion of businesses and jobs for a growing 
Alaska workforce. He easily defeated Hammond's lieutenant-governor, 
Terry Miller who favored retention of the permanent fund, limited 
capital spending, and a conservative investment strategy directed at 

long-term savings. Anchorage businessman Bill Sheffield, the 
Democratic candidate, embraced the broad economic development of 
Alaska's natural resources, the finding of new markets for their 
production, and the building of a comprehensive transportation system 
to ship these products to market. He advocated a state investment 

fund for large capital projects, while retaining the permanent fund. 
Sheffield gained more state-wide appeal on these and other issues than 
Fink, and succeeded Hammond as governor in 1983 (Morehouse, I98U, P- 

185 & 190-191)-
During the first years of the Sheffield administration several 

policy and legislative actions affecting the mineral industry were 
taken. A new Division of Mining was created in the Department of 

Natural Resources to consolidate minerals management functions 
formerly divided between two other divisions. The Division of Mining 
"encourages the development of Alaska's mineral potential by 
representing the State's mineral interests in land planning and other 

land-use decisions" (Legislative Affairs Agency, 1985, p- 119)- The
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Division administers coal and mineral leases, mining claims action, 
and production license applications; issues permits for upland mining 
of locatable minerals, surface mining and coal exploration; and 

provides general and technical information to industry, government 
agencies and the public.

Governor Sheffield actively promoted trade relations and the 
development of markets in the Pacific Rim nations, and participated in 
visits to Asian countries. Particular emphasis was placed on selling 

Alaska's coal, natural gas, fish, timber and minerals, and urging the 
federal government to lift the ban on exploration of Alaska's crude 
oil. These efforts have been formalized in a state International 
Trade Policy developed in I98U (Sheffield, 1985, p. 39)*

In the Regional Resource Development Authorities Act of 1983, the 

legislature declared that "in most areas of the state there is a lack 
of basic transportation and port facilities adequate to permit the 
development of natural resources enterprises, including mining enter
prises", and that the development of such enterprises is "essential to 

the long-term economic growth of the state" and "will directly and 
indirectly alleviate unemployment in the state". The Act provided for 

the creation of regional resource development corporations by resi
dents of an area, with the powers to borrow money by tax-exempt bonds 
to provide for surface transportation and port facilities, and to own, 

operate and maintain transportation and port facilities (SLA, 1983, 
Ch. 98). Also in that year, the legislature appropriated $3*6 million 
toward construction of a coal loading facility at Seward for shipment
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of coal to Korea from the Usibelli Mines at Healy. The contract with 
the Korean Electric Power Co. calls for delivery of 800,000 t (880,000 
st) of coal per year, which will double the previous production rate.

In 198U, the most important capital acquisition by the state was 
the purchase of the Alaska Railroad (ARR) from the federal government 
for $23*5 million (SLA, I98U, Ch. 5U). The Alaska Railroad Corpora
tion was established in the Department of Commerce and Economic 
Development to manage and operate the ARR. In addition to providing 

services on the existing rail system, the Corporation is required to 
develop a long-range capital improvement plan, and was given power of 
eminent domain. Any extension of rail lines and issuance of bonds 
require legislative approval. The governor may sell or lease the ARR 

if the legislature approves (SLA, 198 ,̂ Ch. 153). In another capital 

expenditure a special appropriation of $U million was made to the 
DOTPF toward construction of a port facility at Nome (SLA, 198^, Ch. 
136). It has been estimated that the elimination of lighterage at 
Nome by docking directly at the new port could save $1.5 million 
annually at 1980 traffic volumes (Louis Berger & Assoc., 1980, V. Ill, 
Phase III, p. U-88).

In the fiscal arena, the legislature enacted a special investment 
tax credit to stimulate the development of gas processing projects and 
the exploration, development, and mining of minerals to "assist the 
state in diversifying its economy, to make it less dependent on oil 
and gas, provide increased employment opportunities and provide an 

investment incentive in the state"(SLA, I98H, Ch. 60). Tax credits
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may be applied on the first $250 million of qualified investment in 
the state on a decreasing scale ranging from 100 percent on the first 

$50 million to ^0 percent on the increment between $200 and $250 

million on projects beginning operation after December 31, 198U.
The Governor in 198^ proposed a constitutional amendment to 

create a major projects fund which would dedicate 10 percent of the 
state's total petroleum revenue for a six-year period. The fund thus 
accumulated would be available for one or more large capital projects 

(minimum of $100 million) that "can serve as foundations for Alaska's 
future economy", when the present level of oil revenues has declined. 

Projects named for which the proposed fund would be appropriate 
included the Susitna hydroelectric project; road and port infra
structure projects in rural Alaska to support mining, fishing, and 
other economic development; and extension of the ARR (Senate Journal, 
198U, pp. 18-20-182U). The legislature, however, did not act on this 
proposal.

The course of Alaska's mineral industry during this period is 

shown in Table 7* Exploration expenditures decreased drastically, 

reflecting world market conditions (Table 8), but remained sub
stantially above the levels of the early 1970s. Interest in polymetal 
deposits with precious metal showings was high, and exploration for 
tin and tungsten was active. Important discoveries announced in 1983 
were a copper-lead-zinc -silver-gold deposit at Johnson River 
southwest of Anchorage by Anaconda in joint venture with Cook Inlet 

Regional Corporation, and a tin-copper deposit at Coal Creek near
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Alaska Mineral Industry 
1980 - 1984

CATEGORY GROSS VALUE (S106) % CHANGE

1980 1981 1982 1983 1984 1981-1984

Table 7

PRODUCTION

Oi1 & Gas 9,382.6 12,479.0 12,176.2 10.675.3 10.924.4 -12

Coal 16.0 17.6 18.0 18.0 23.8 +35

Gold 32.0 55.2 70.0 67.6 63.0 +14

Other Metals 1.1 1.1 1.7 1.6 0.8 -27

Constr. Mat. 107.4 115.6 106.6 125.0 111.0 - 4

TOTAL PROD. 9,532.1 12,668.5 12,372.5 10.877.5 11.122.2

PRODUCTION 
(- Pet.) 150.5 189.6 196.3 202.2 197.8

EXPLORATION 
(- Pet.) 65.2 76.3 45.6 34.1 23.3 -70

DEVELOPMENT 
(- Pet.) 12.0 24.7 41.6 27.9 53.4 + 116

Source: Dept. of Commerce and Economic Development. 1984. The Alaska
Economic and Statistical Review

Office of Mineral Development, A laska's Mineral Industry, 1982
1984. “
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Table 8 

Metal Prices, 1980-1981+

METAL 1980
($1980)

1981+
($1981+)

1981+
($1980)

% CHANGE 
($1980)

Copper ©/lb 101.1+0 66.80 5I+.6O -1+6

Lead ©/lb 1+2.50 25.50 20.90 -51
Tin $/lb 8.1+6 6.21+ 5-10 -1+0

Zinc ©/lb 37.1+0 1+8.60 39*80 + 6

Gold $/lb 612.00 360.00 29I+.OO -52
Platinum $/oz 677*00 357-00 292.00 -57
Silver $/oz 20.30 8.11+ 6.66 -87
Antimony $/lb 1-51 1.51 1.21+ -19
Moly $/lb 9.36 3.56 2.91 -69

Nickel $/lb 3.08 2.22 1.82 -1+1

Mercury $/lb 389.OO 311+.00 257*00 -31+
1980 1981 1982 1983 1981+

us cpi (1967=100) 21+6.60 272.1+0 289.10 298.1+0 308.16

1980=100 100.00 109.1+7 115.25 118.37 122.21+

Deflation Index 1.0 0.913 0.868 0.81+5 0.8H

Source: Engineering and Mining Journal

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



2h2

Talkeetna. In I98H Anaconda had a large party of 50 people exploring 
a significant base- and precious-metal lode deposit at Illinois Creek, 
about 1+0 miles southwest of Galena. Grades and tonnages were not 

available at the time of reporting (Bundtzen, et al., I98U, p. 1-2; 

Eakins, £t al., 1985* P* 8). Apparently no world-class deposits 
comparable to those discovered in the 1970s were found.

In contrast to exploration, expenditures for mineral development 
more than doubled between 1981 and I98H, despite the fact that a 
number of development projects were dropped or suspended due to 
adverse market conditions or engineering difficulties. Much of the 
increase in I98I+ expenditures was due to the development activity at 

Greens Creek in Southeastern Alaska and Red Dog north of Kotzebue. 

The Grant Mine, a lode-gold mine west of Fairbanks was nearing 
production, and a number of smaller placer-gold, tin and tungsten 

deposits were under development. This latter group accounted for 
about $9 million in I98U, the largest of which was the Valdez Creek 
operation, and several buried channel placers just north of the Denali 
Highway, which went into production in I98U. Development of the 
Quartz Hill molybdenum deposit continued, but start-up has been 
postponed to the 1990s because of the low market demand and greatly 

reduced price of molybdenum (Eakins, et al., 1985» P* 15-19)*
A major coal mining project in Southcentral Alaska was in the 

pre-development stage by I98U. Diamond Alaska Coal Company's Chuitna 

property in the Beluga coal field, 80 km (50 miles) west of Anchorage, 
contains an estimated 900 million t (l billion st) of coal, at least
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1/3 of which is mineable. A 9 million tpy (10 million stpy) strip 
mine and a 13.5 million tpy (15 million stpy) capacity port facility 
is planned at a capital cost of $600 million. If feasibility studies 

for use of Beluga coal in power plants in Japan and Taiwan are 
favorable, production could start in 1989* Other possible coal 
developments are a one million tpy export production from Beluga 
reserves owned by Placer U.S. Co., a mine-mouth 150 MW power plant by 
a coalition of mining and energy firms and Cook Inlet Regional 
Corporation (Native), and development of the Bering River coal field 
east of Cordova by the Chugach Alaska Corp. (Native) and the Korea 
Alaska Development Corp. (Sims, 1985» P« 50-51; Diamond Shamrock, 

1985).
In 1981* the Cominco-NANA partnership applied to the state for 

financial assistance for construction of a 92-krn (57-mile) road and a 
port, estimated to cost approximately $150 million, about 1/3 the 
total cost of development. After a thorough evaluation of the socio

economic aspects of the proposed project, the Administration agreed to 
support the request, and requested legislation to authorize the Alaska 
Industrial Development Authority (AIDA) to loan the money to Cominco- 

NANA under the condition that Cominco would repay the state by user 

fees, and the facilities would become property of the state and open 
to other mineral developers and the public.

The legislature deliberated at considerable length on the 
measure. Proponents held that the 1+00 jobs made possible in the 
northwestern region, revenues from the mineral production, reduction

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



2bh

in welfare payments to the region, and diversification of the economy 
justify the state's participation in the Red Dog project. Opponents 
argued that the state would he subsidizing a single private venture at 
the expense of other needed programs, and that the transportation 
facilities would have limited use as they are not a part of a regional 

transportation plan (Fairbanks Daily News-Miner, April 28, 1985). 
Finally in May, 1985, the legislature did authorize AIDA to issue 
bonds not to exceed an amount of $175 million for the DeLong Mountain 
transportation project, subject to several conditions. Among these 

are: Cominco is to pay for operation and maintenance costs for its

share of the facilities; Cominco will repay the state costs with 
interest if the mine is not developed; the state may adjust toll fees 

if the price of zinc rises and Cominco receives a higher rate of 
return; and that NANA will sell, lease or grant the land needed for 

the road and port at no more than fair market value (SLA, 1985> Ch. 

68).

Preparation of an EIS, application for necessary local, state and 
federal permits, location of the road and port site, and acquisition 
of the necessary right-of-way were other matters which had to be 
addressed. The EIS was completed in 198^, and permits for the mine, 

road and port, 20 in all, are expected in 1985. Approximately $5 
million have been expended on the EIS and permit applications.

Cominco considered the route selected in the WAATS study, which 
avoided the Cape Kruzenstern National Monument, but elected to use a 

shorter route through the Monument. Rather than apply for a right-of-
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way under Title XI of ANILCA, the NANA Corporation entered into 
negotiations with the federal government to exchange U2,000 hectares 

(103,000 acres) of Native land selected in the Monument for 38,000 
hectares (9^*000 acres) for the road right-of-way and port site. 
After considerable debate, Congress voted in favor of the land swap, 
which was signed by President Reagan on September 25, 1985 (Fairbanks 
Daily News Miner, Sept. 26, 1985).

The Red Dog mine, scheduled to go into production in 1989» will 
be one of the largest zinc-lead mines in the world, and the first 
major hard-rock mine in the Alaskan North. With the addition of the 
Quartz Hill and Greens Creek mines scheduled to be in production in 

the 1990s, and the possibility of one or more new coal producers, 
Alaska would become one of the top mineral producing states. The 
gross value of Alaska's mineral industry, exclusive of oil and gas, 

could increase by an order of magnitude to more than $3 billion per 
year, and direct revenues to the state are estimated to be between 30 
and IrO million dollars, depending on the volume of new coal production 

(Sims, 1985, P* 18; Keiser, 1981*, p. U-T)*
Constraints on the mineral industry include water quality issues, 

and resource-management planning for public lands. Effluent limita
tions became a major problem for placer miners when state regulation 

required clear discharge water, a standard many placer operations 
cannot meet without expensive treatment methods (Eakins, et al., p.
2). Financial grants have been made by the Department of Environ
mental Conservation to selected placer mines to assist in developing
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techniques to improve discharge water quality. In 1985 a placer 
mining advocacy group filed suit against the state, charging that the 
state did not follow proper procedures in establishing water quality 

standards, and that those standards would result in a substantial 

curtailment of Alaska mining operation (Alaska Miner, June 1985, P*
8). Earlier environmentalists had filed suit against the state 
for failure to establish a mineral leasing system on state lands 
(Trustees for Alaska vs. State of Alaska filed Nov. 29, 1983).
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THE NORTHERN MINING FRONTIER IN THE 1980s 
(Fig. 18)

Significant advances of the mining frontier were made in the 

Circumpolar North in the decades following World War II. In many 
cases these advances were associated with other resource developments 
such as oil and gas, hydroelectric power or timber, and the 
establishment of processing industries, or comprehensive regional 
development programs.

In Scandinavia, reconstruction of war damages, resettlement and 
restoration of national economies were powerful stimulants to regional 

development in Nordkalloten. In addition to the extractive 
industries, a variety of government-promoted processing industries 

were established including iron and steel, ferroalloys, aluminum, wood 
pulp and concrete. Expansion of the road network has provided 
connecting links between the Arctic coast and the southern core, all 
but terminating the mining frontier. A major problem has been the 
decline in population, particularly in Sweden (Rea, 1976, p. 175-201), 
and Nordkal loten today has more of the character of Friedmann's (1966) 

"Downward Transition Area" than a resources frontier region.
In the Soviet Union, the European North has achieved the greatest 

degree of development, particularly in Karelia and the western Kola 
Peninsula where there is considerable industrial diversification and a 
good transportation network. Eastward toward the Urals the extractive 
industries predominate (coal, oil and gas, timber and fisheries), but 
the majority of this region has reached a level of development on a

2 k j
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Figure 18. The Advance of the Northern Mining Frontier
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par with the national average. The Urals also have reached this level 
as far north as 63° (Privalovskaya, 198U, p. 322). Hence the mining 

frontier in European Russia is confined to the tundra zone of the tip 
of the Kola Peninsula, the Barents Sea coastal area and the Polar 
Urals.

Siberia and the Far East remain the major resource frontier of 
the Soviet Union, but extensive gains have been made in the develop
ment of this vast area. The oil and gas fields of Western Siberia, 
extending north of the Arctic Circle, were producing 52 percent of the 

nation's oil and 37 percent of natural gas in 1980 (Granberg, 1981, p. 
57). The railroad extension northward from the Trans-Siberian 
supporting the petroleum, industry has made a significant inroad into 
the northern frontier. In Eastern Siberia, Noril'sk remains the 
northern resource outpost, and has become one of the largest polymetal 
mining-mil ling-refining complexes in the Soviet Union (Bond, 1981+a, p. 

362). Noril'sk and the timber port of Igarka to the south account for 
more than 10 million t (11 million st) of traffic on the Yenisey 
River, half by way of the Northern Sea Route and half on the up-river 

link to the Trans-Siberian railbelt.

In the eastern segment of Asiatic Russia, the trans-Baykal region 
and the Soviet Far East, three development patterns emerged. This 
region is the most remote from the European core area of the Soviet 
Union, and is characterized by its vast size, great north-south 
breadth, and wide dispersion of resources. The Baykal meridian 

defines the usual eastern economic limit for areas tributary to Soviet

2b9
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Europe (Barr, 1983, P* 2h^). In the southern zone, development of 
resource production based on sources of abundant energy and trunkline 

rail transport evolved eastward to the Pacific coast, similar to the 

pattern in trans-Ural Siberia but with a substantial export-oriented 
market. This trend is continuing in the BAM railbelt with Japanese 
participation in timber, coal and copper development.

North of this zone strategic and precious minerals are the most 
important resources. Their significance to industry and the the 
generation of foreign currency has justified a high level of 
government subsidy in their development and production. The high unit 
value of these minerals and low annual volumes of production from 
their deposits do not warrant the construction of railroads or massive 
block power sources. Two development patterns are distinguished here.

Generally south of the Arctic Circle, an extensive though thin 

network of motor roads centered on Yakutsk on the Lena River and 
Magadan on the Sea of Okhotsk provides year-round transport connection 
with the east-west railbelt. To the north, the development pattern is 
a series of isolated nodes or enclaves, depending on connections with 
Northern Sea Route ports on the Arctic and Bering coasts. Construc
tion, power and labor costs in this region are the highest in the 

Soviet Union, ranging from 5 to 9 times those in the Moscow region 
(Dienes, 1983, p« 2h5). Despite the high costs, harsh environment and 
limited transportation in this Arctic region, production is being 
expanded in existing mineral districts, and new districts have been 
developed in the 1970s and early 1980s (e.g. a new diamond mine in
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northwest Yakutia; Shabad, 198U, p. 282-283).
In the Canadian North, development patterns similar to those 

in Asiatic Russia have evolved. Diversified development of mining, 

petroleum, forestry and hydroelectric power expanded in the southern 
periphery from Newfoundland to British Columbia. The mining frontier 
was pushed northward in several widely separated salients, notable the 
Quebec-Labrador iron ore district, the Manitoba copper-nickel region, 
the Athabasca Basin uranium developments in northern Saskatchewan, and 
the Pine Point lead-zinc mine in the Northwest Territories. In all 
these but the Saskatchewan uranium basin, railroads were extended from 
the Canadian National Railway's transcontinental system. During the 
period 1950-1966, over 1600 km (1000 miles) of government-funded rail 
lines were constructed to support mineral districts. In Saskatchewan 
and in northwestern Canada, expansion of mining development was 
supported by extensions of the road network. The most recent was the 
Dempster Highway from Dawson, Y.T. to the oil fields of the Mackenzie 
Delta.

Farther north, enclave developments have proliferated, although 

the Canadian High Arctic is not blessed with a counterpart to the 

Soviet Northern Sea Route. Mines adjacent to arctic tidewater (Rankin 
Inlet nickel, Asbestos Hill in northern Quebec, the lead-zinc mines at 
Nanisivik and Little Corwallis Island) depend on a brief shipping 
season to receive supplies and ship concentrates to European destina
tions. The principal inland enclaves are the Great Bear Lake 

district, where the first uranium was mined during World War II and
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later silver and gold mining developed and the Lupin gold mine to the 
southeast. The Great Bear Lake region is favored by the availability 

of petroleum fuel from Norman Wells on the Mackenzie River, which can 
be delivered by water in the summer months. In winter, traffic is 
limited to air and winter road connections with the central network.

The mining frontier in Alaska has advanced relatively little in 
the post-war era, despite the existence of enormous coal deposits and 
the discovery of world-class metallic mineral deposits north of the 
Yukon River. The single northward extension of the central trans
portation system, the Dalton Highway to Prudhoe Bay, was built for oil 

field development and only incidentally has opened existing mining 
districts such as Wiseman and Chandalar to year-round surface 
transport. Much of Alaska's resource exports, except crude oil, now 
go to foreign markets in the Pacific Rim, and the processing of these 
resources (primarily seafood, wood pulp and petrochemicals) is con
fined largely to the southern coastal area. Sources of large-scale, 
low-cost blocks of energy which could support major mineral extraction 
and processing in interior and northern Alaska has not been developed.

The one major northern mineral development since World War 

II is the Red Dog zinc-lead -silver mine northwest Kotzebue, expected 

to begin production in 1989 (Giegerich, 1985)* It is an enclave which 
will be linked by road to the Chukchi Sea, remote from the Alaska 
heartland. Other major mineral developments, the Greens Creek and 

Quartz Hill mines under preparation in Southeast Alaska and the Beluga 
Coal field off Cook Inlet in the early stages of development, do not 
require major extensions of the land transportation system.
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CHAPTER 5: FACTORS INFLUENCING MINERAL DEVELOPMENT
AND TRANSPORTATION IN THE NORTH

A common feature of post-World War II development in the Circum
polar North is the pattern of large-scale production supported by bulk 
land transportation systems extending like tentacles from the southern 
base, smaller developments linked by road to the existing transporta
tion network, and isolated enclaves not connected by year-round land 
transportation. The evolution of this pattern has been described in 
the preceding chapters— it is appropriate at this point to assess the 
factors which have influenced the rate and the extent of that develop
ment in the northern regions of the paternalist, communist, and capi
talist nations. These are grouped under the categories designated as 

economic, government policies, environmental, social, and land manage
ment.

ECONOMIC FACTORS

The preeminent incentive for any resource development is 
economic, namely the demand for that resource to be converted into a 
product of utilitarian or monetary value. The aftermath of World War 

II and the ensuing economic growth of the developed nations escalated 
the demand for minerals at an enormous rate in the 1950s and '60s. In 
response, world-wide nonfuel mineral production increased from $U.5 

billion in 19^7 to $51*5 billion by 1978, nearly twelve-fold. Non- 
ferrous metals accounted for JO percent and ferrous metals 30 percent 

of metallic mineral production value in 1978. In the same period,
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fuel production increased k8 times to a value of $673 billion, of 
which oil accounted for 65 percent and gas and coal less than 20 
percent each. World production of crude oil and natural gas increased 

at a rate of seven times greater than that of all the major nonfuel 
metals except bauxite, although part of this dramatic increase was the 
result of the OPEC price hikes in the 1970s (Tanzer, 1980, p. 16-18). 
This increase in mineral production was accomplished by increasing the 
output rate of producing mines and petroleum fields, putting known but 
heretofore undeveloped deposits into production, discovering and 

developing new deposits, and expanding mineral processing capacity.

Normally a mineral deposit is not developed unless the demand 
value of the mineral (actual or perceived) exceeds the total cost of 
production (economic, institutional, social and environmental) by some 

margin (financial gain, economic advancement, social improvement, 
strategic, or other national advantage). Thus, a mineral deposit is 
not viable unless it can be mined at a profit as measured by an 
economic or some other standard. Technological innovations in mining 
and other cost-reducing measures permit lower-grade deposits to be 

mined economically. Conversely, recycling and substitution tend to 

weaken the demand and consequently, the price, hence limiting the cut
off grade (that is, the lowest grade which can be mined economically) 

(Ibid., p. U2).
The increase in the cost of developing and operating a mine in 

the Northland in comparison to the Temperate Zone is a function of 

distance from markets and supply sources, environmental conditions,
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and labor costs. Table 9 illustrates construction cost increases in 

various locations in the United States and the Soviet Union:

Table 9 
Construction Cost Indexes

Alaska Soviet Union
(Washington D.C. = 1.0) (Moscow = 1.0)

Region Index Region Index

Anchorage 1-7 Western Siberia 1.2 - 1.6
East-Central 2.2 Eastern Siberia 2.8 - 3.U
Alaska Peninsula 2.5 Yakut ASSR (-NW) 3.1 - 6.8
Seward Peninsula 3-0 NW Yakut ASSR 8.8
North Slope/SW 3.5 Magadan Region 3*6
Yukon Delta U.O Chukotsk Region 5.3
Sources: Alaska Division of Community Planning, 197^, Alaska Cost

Indexes.

Dienes, 1982, "The Development of Siberian Regions", Soviet 
Geography, Vol. 23, No. U (April 1982).

To compete with mines in more southerly areas on an economic basis, ore 
bodies must be richer and larger than their southern counterparts. 

Some outstanding examples of hard-rock mines meeting these criteria 
are the iron ore mines in Swedish Lapland (Norrbotten), the former 
Kennecott copper mines in central Alaska, and the Labrador-Quebec iron 
mines in northeastern Canada. These mines and their supporting infra
structure (railroads, port facilities and power supply) were con

structed with private capital.
A significant event in the market economy nations was the 

emergence of transnational corporations as a major channel in inter-
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national relations. A transnational firm is one 'which has activities, 
other than marketing, in more than one country (Brooke and Remmers, 
1970, p. 25)* Entry of the transnational corporation in the mineral 

development of the Northlands is not new —  British firms invested in 
such enterprises as the GMllivare iron ore mine and railway in North 
Sweden, and the White Pass and Yukon Railway to support the Klondike 
gold mining district in Canada Before the turn of the century. Prior 
to World War I, U.S., Canadian, and Continental European, as well as 

British, capital and technology were being committed to foreign 

mineral development and production, which represented a major propor
tion of international investment. By the 1930s, U.S. transnational 

firms controlled Chile's copper and much of Venezuela's oil, and U.S. 

and Canadian aluminum companies had secured bauxite sources in 
Surinam, Guyana and Jamaica (Girvan, 1976, p. 5 & l6).

During the post-World War II period, transnational firms expanded 
at a rate double that of the domestic corporations, and by the early 
1970s controlled about one-fifth of the capitalist world's GNP (Ibid, 
p. 5)» The Organization for Economic Cooperation and Development 
(OECD) estimated that in 1966 the total volume of direct international 
investments was about $90 billion, of which $55 billion originated in 

the U.S. and $35 billion in other countries of Western Europe, Canada 

and Japan (Rolfe and Damm, 1970, p. 110). Tinberg (1976) states: "Of
more than 600 transnationals having their headquarters in North 
America, Western Europe or Japan, the largest 300 U.S. enterprises and 
their foreign subsidiaries alone account for 28 percent of total world
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exports, including U7 percent of exports of primary products and 20 

percent of exports of manufactured goods; it has been estimated that 
without change in present trends, transnationals could control more 

than !+0 percent of world production (outside the centrally planned 
nations) before the end of the 1980s" (cited in El-Shafie and Penn, 

1980, p. 153).
The transnational mineral corporations expanded during post-World 

War II minerals boom period, and became the principal agents through 
which the noncommunist world channeled investments into the mining 

sector (Tilton, 1977, p* 30). By 1978, the combined sales of non-fuel 
minerals by 2h U.S. and Canadian firms (not including the steel 
companies) were about $30 billion, and those of the 11 largest firms 
of France, Britain, Germany, Switzerland, South Africa, Japan and 
Sweden totalled more than $26 billion (Tanzer, 1980, p. 2̂ ).

A number of mineral transnationals are vertically integrated, the 
mining companies forward into smelting, refining, and in some cases 
fabrication; and metal-producing firms backward into mining and 
preliminary processing. Some of the major mineral firms are multi

metal producers and several energy corporations have diversified their 
assets by acquiring mineral companies. These firms are capable, when 
necessary, of setting up and operating their own transportation, 

power, services and employee accommodations. The size and diversifi
cation of their operations often enable them to separate prices paid 
for primary output from those charged to the ultimate consumer, and 
transfer prices at various stages in the production stream can be
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adjusted to maximize profits (El-Shafie and Penn, 1980, p. 153).
In the face of the steady depletion of high-grade ores in the 

developed regions and such incidents as the nationalization of 
foreign-operated mines in Latin America and Africa in the 1960s, firms 
widened their geographic scope as well as increased the size of their 
operations. Examples of this world-wide expansion are new discoveries 
of copper in Peru, Canada, Alaska, the South Pacific, Australia, Iran 

and Africa; large iron ore reserves in Venezuela, Brazil, Peru, 
Australia, northeastern Canada and Africa; and new nickel deposits in 

Canada, Dominican Republic and New Caledonia (Tanzer, 1980, p. 128

129, lb5 & 159-162).
The large transnational firms make strategic decisions at the 

world level regarding the expansion of production, of what products, 

in which countries, and by what methods. They have the resources to 
shift incremental production to low-cost sources to meet increased 
needs, and to sustain an exploration program seeking new sources to 
widen their options for new development, replace depleted deposits, 
and reduce their competitors' options (Girvan, 1976, p. 17 & 22). 
Large-scale mines, particularly mammoth low-grade open pit operations, 
require the investment of hundreds of millions of dollars, and may 
take upwards of five years to develop. Even the largest mining firms 

borrow to finance such projects, with debt-equity ratios ranging from 

20 percent to 80 percent, although most companies stay below a debt- 

equity ratio of 1:1 (Bosson and Varron, 1977) p. +̂8). This degree of 
financial participation gives the financier a large voice in the
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decisions of the mineral firms.

Risk is a major factor in mineral investments. The volatility of 
business cycles and market prices make long-range projections diffi
cult if not impossible. An additional risk factor in foreign 
investment is the political investment climate of the host nation. 
Reaction by the host governments in the mid 1950s and the 1960s, 
ranging from expropriation to proceeds-sharing and higher taxes, 
channelled an increasing share of world mineral investments from low- 
cost deposits in the lesser developed nations to the politically 
"safe" countries, i.e., the U.S., Canada, Australia and South Africa 

(Tilton, 1977> P* 30-53); Tanzer, 1980, p. HH-55). Despite the fact 
that the rate of return on investment in mining and smelting in Canada 
averaged little more than half that in Latin America and the Caribbean 
63, percent of all mining assets in Canada were held by foreign- 
controlled corporations in 1971** At that time, 57 percent of manu
facturing industry assets and 10 percent of assets in the forestry, 
fishing and agricultural industries were foreign-controlled (Hero, 

1980, p. 97).
Technological advances have had and will continue to have an 

influence on the economics of the mineral industry. The scale economy 
of open pit mining tends to approach the level of diminishing returns 
as labor and energy costs increase in proportion to revenues. New 
technologies under active investigation include in-situ leaching 
(chemical and biological), bore hole mining using high-pressure and 
high-volume jets, and deep sea-bed mining. The first two offer the
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potential for low labor-intensive mining of deep and shallow low-grade 
ore bodies with minimum disturbance of the land surface. In-situ 

mining of large ore bodies requires adequate percolation throughout 

the deposit being mined, which may have to be obtained by some artifi
cial means such as underground nuclear detonation. A potential prob

lem inherent in both in-situ and bore-hole mining is the possibility 
of contamination of ground water by the leach solution or bore-hole 

slurry.
The existence on the ocean floor of enormous quantities of marine 

nodules containing manganese, copper, nickel and cobalt offers the 

potential for a major new source of these metals. Discovered in 1872 
by the British exploration of the Pacific on board the "HMS 
Challenger", manganese nodules came under serious investigation only 

in the 1960s. A 13 million-sq km (5 million-sq mile) area between 
Hawaii and Baja California is estimated to contain upwards of 600 
million t (660 million st) of manganese nodules averaging on the order 
of 25 percent manganese, 1.25 percent each of copper and nickel, and
0.25 percent cobalt, rich ore by any standard.

Several multinational consortia, including U.S., Canadian, 
Belgian, West German, British, Dutch, French and Japanese corpora
tions, are actively developing methods to extract and process 
manganese nodules. Their studies indicate that an operation 
recovering 3 million tpy (3*3 million stpy) can be economically 
viable. Four such mining operations in 1990 could contribute about 20 

percent of the anticipated manganese consumption requirements of the
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world's market economies, 50 percent of cobalt, 15 percent of nickel, 
and about 1 percent of copper consumption. The magnitude of the first 
three, all strategic metals in the U.S., could lower market prices 

considerably, on the order of 7 percent for nickel and possibly 25 

percent for cobalt (Clark & Neutra, 1983, p. 99-102).
The potential economic impacts of manganese nodule production are 

both positive and negative. For the consuming nations, the additional 
diversification of sources of supply and lower metal prices are 

definitely advantageous. The net benefits to the U.S. from lower 
market prices, insurance against disruption of supply, and reduced 
probability of cartelization have been estimated in the range of $2.5 

- 8.5 billion during the period 1990-2010 (ibid., p. 108). The 
incremental production at reduced price levels of the nodule metals 
other than copper could have an adverse effect on the land-based 
producers of these metals. Canada and the tropical nations producing 
laterite nickel would be most affected (Cundiff, 196k, p. 6M*

MINERAL AND DEVELOPMENT POLICY

Much of the post-World War II mineral and transportation develop

ment in the Circumpolar North has been partly or totally supported by 
government. The degree of government control varies from moderate in 
the North American nations, to considerable in the paternalistic 
states of Scandinavia, and to complete control of the economic systems 

in the Soviet Union.
Scandinavia

In Scandinavia's Nordkalotten, expansion of producing mining
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districts, development of new mines and the establishment of metal 
processing plants have been concurrent with or a part of regional 

development programs of the traditionally paternalistic Scandinavian 
states. Regional development implies a change in the economic 
structure of a region in the direction of less reliance on the primary 
extractive industries and more on secondary processing and manu
facturing and the tertiary sector (service) to increase employment and 
income in the region (Rea, 1976, p. 25). Regional development "has 

not only economic but also social, cultural, administrative and other 

dimensions that have to be tackled simultaneously".
In Norway, regional development strategy in the 1950s was based 

on the "growth pole approach", i.e., promotion of local development 
projects and direct subsidization of large-scale, capital-intensive 

industries to create industrial centers such as the iron and steel 
works at Mo-i-Rana. The growth center concept has not been entirely 
successful in stabilizing the economy and the population of North 
Norway, and later programs were directed toward decentralization, the 
establishment of government institutions in less populated areas, and 

the modernization of established industries rather than the creation 

of more new ones (Rea, 1976, p. l82-l85)«
Sweden followed a similar pattern with expansion of the 

Norrbotten iron mining district by the 95 percent government-owned 
LKAB mining company, the establishment of the government iron and 

steel plant at Luled, and promotion of base metal mining in V9sterland 
and Norrbotten, along with programs supporting forestry, wood proces
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sing and agriculture. These efforts were insufficient to sustain the 

growing population in North Sweden, and in 1965 a regional development 
program including subsidies and loans for investment in buildings and 
machinery to develop secondary industries in the Northern Development 

Area was initiated (Ibid, p. 188-197).
In North Finland, where forestry is the dominant industry, state 

involvement in mining and mineral exploration is extensive. 
Government and publicly-owned firms have been active in finding and 

developing mineral resources since 1963 after a five-year area 
development program initiated in 1965* Finland adopted a growth 
center approach to regional development. The 1969-70 program focused 
infrastructure investment in centers with the best development 
potential and in smaller places planned as service centers. A number 

of financial incentives were offered to enterprises establishing or 
enlarging businesses in the designated centers (ibid, p. 103-205).

In all three Scandinavian countries, mining as well as other 
resource and industrial development has been facilitated by 
government-owned or sponsored roads, railroads and hydroelectric 

stations. The early spread of population along the Norwegian seaboard 

served by coastal marine transportation in the furthering of regional, 
as well as resource development, has averted the establishment of 
isolated enclaves. The remaining underdeveloped areas are themselves 
islands surrounded by a transportation network, virtually closing out 

the mining frontier in Nordkalotten.
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Soviet Union

In the centrally-planned economy of the Soviet Union, allocations 
of output and rates of expansion of the different sectors of the 
economy are determined administratively rather than by the market. 
"Decisions as to what to produce, how [and where] to produce and who 
gets the output are made by central planners rather than by the 
dollars (and political) votes of the consumer in the marketplace" 
(Gregory and Stuart, 197^5 P* ll6 , brackets mine). Price is not used 
as investment criterion, nor profitability in the capitalist sense as 
an indicator for resource allocation among sectors. In the Soviet 
system, "locational criteria for 'most efficient use' imply not 

profitability, but an over-simplified yardstick of least production 
cost" (Dienes, 1982, p. 233). Industry continued to be the dominant 

sector in the post-World War II era, with an annual growth rate 

averaging 9 percent between 1950 and 1970, more than double that of 
the U.S. (Weitzmann, 1983, p* 179)« A high priority was placed on 
expanding domestic production of energy and raw materials.

In 19^6 the Ministry of Geology of the USSR was established and 
made responsible for "the fullest meeting of the economy's needs for 

explored mineral reserves". Ry 1983 nearly all of the Soviet Union 
had been geologically mapped at a scale of 1:200,000 and 30 percent of 
the country at 1 :50,000; the latter scale included most of the 
important mining areas. As a result of this extensive exploration 

effort, many new mineral deposits, including the rich Siberian oil and 
gas fields, were discovered. As these new discoveries were made, they
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were turned over to the appropriate ministries for development 

(Ministry of Geology, 1981+, p. 7 & 2̂).
In the decision to develop a deposit of a needed material, volume 

and low production costs take precedence over accessibility and 
capital costs. To minimize the impact of high labor costs in the 
North on productivty, emphasis is placed on labor-efficient techniques 
and machinery. Labor economies of scale are achieved by increasing 

the capacity and power of equipment, e.g., the large coal mines in the 
Middle Ob' River region of Western Siberia will use walking drag-line 
excavators with 100 cu m (130 cu yd) buckets for stripping and 12,000 
tph (13,225 stph) rotary excavators for coal extraction. It is esti
mated that labor productivity will be 5-10 times higher in these mines 
than in smaller coal mines, justifying the higher capital cost of the 
equipment (Aganbegian, 1982, p. 6U).

In 1969* the methodology for evaluating the relative value of 
investments required that investment projects be evaluated on the 

basis of their full costs (operating costs plus imputed capital costs) 
with imputed capital costs calculated using a uniform "normative 

coefficient of effectiveness" of capital. The "normative coefficient" 
was set at 12 percent, and in the Far North a coefficient of 8 percent 

has been established (Gregory and Stuart, 197^> P* 22U-225)* Between 
1966 and 1980, the share of total Soviet investment received by the 

Asiatic North increased from 1.9 percent to 6.U percent, exceeding 8 

billion rubles ($11.3 billion) annually during the Tenth Five Year 
Plan (1976-1980). At least half of these investments were allocated
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to the development of the West Siberian oil and gas fields and pipe
lines and the Baykal-Amur Mainline (BAM) railway construction (Dienes, 

198U, p- 191-192 and 199-200).
The degree to which development projects in Asiatic Russia are 

subsidized is indicated by the ratio of capital per unit of output 

(c/o ratio), as a percent of the USSR average of 100 in 1977« In 
European Russia, the c/o ratio was 0*92, reflecting a high level of 
industrial development and capital productivity. The c/o ratio for 

Western Siberia was 1.17 in 1977, reflecting a relatively high ratio 
of return from the productivity of oil and gas. In Eastern Siberia 

the c/o ratio was l.Ul, and the Far East had the highest, I.U9 

(Taaffe, I98U, p. 163). Large investments in national defence 
(missile sites, air ground and naval bases, early warning stations and 

communications facilities) contributed in part to the high capital 

intensity of the econony of the Far East (Dienes, 1981*, p. 199-200).
Another factor affecting mineral development in Asiatic Russia is 

the rise of Soviet trade with Japan. The two nations are natural 
trading partners by virtue of their proximity and the fact that 

Siberia and the Far East have raw materials Japan needs and provide 
markets for Japanese technology and industrial equipment. The Sino- 

Soviet rift, beginning in the late 1950's and a changing perception by 
Soviet leaders of the advantages of international trade opened this 
door (Goldina, 1987, p. 7**)« "In terms of both transportation costs 
and of Soviet plans and ambitions to develop Siberia and the Soviet 
Far East, extensive Soviet-Japanese trade and Japanese involvement in

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



267

the development of Siberia, especially its energy resources, appear 
rational and attractive to both parties" (Hewett and Levine, 1982, p. 

2lk). By 1975 the Soviet Union was Japan's leading supplier of non- 
ferrous and precious metals, second in Japanese imports of timber, 
platinum, zinc, potash and cotton, third in scrap steel, chrome ore 
and nickel, and fourth in coal, fuel oil and fish (ibid., p. 213).

A major form of extending Japanese credit to the Soviet Union is 

the compensation agreement. Under these agreements Japan provides 
credits at low interest rates, with which the Soviet Union buys 

machinery, equipment and plants. Principal and interest are paid back 
at a later date in raw materials and semi-finished products produced 
with the increased capacity. This arrangement benefits both partners 
—  the Soviet Union acquires sophisticated modern technology with 
reduced front-end costs, and in turn, Japan receives future supply 
commitments to raw materials not produced domestically, thereby 
avoiding the problem of market disruption (ibid., p. 216).

In 197^ an agreement was made for Japanese equipment and 

machinery to develop the Chul'man coal field in southern Yakutsk ASSR. 
The mine would then supply 100 million t (110 million st) of coal to 
Japan over a 20-year period at prices well below world market value 
(ibid., p. 216-218). Another agreement was made for development of 
the Udokan copper mine east of Lake Baykal near the BAM route in 
exchange for copper concentrates to be delivered by that railroad to 

the Pacific coast for transfer to Japanese ore ships.
The primary thrust of development policy in the Soviet North has
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been the promotion of national interests rather than regional develop

ment. Emphasis has been placed on the establishment of Territorial 

Production Complexes (TPC's) centered on sources of energy and raw 
materials, and on strategic considerations. Transportation and 
settlement generally have followed the initiation of resource develop
ment. The large investment in the BAM railroad was made for strategic 
reasons as well as to open up the trans-Baykal North to development.

A decline in the Soviet economy since the mid-1970s resulted in a 
slow-down in the infrastructure and service sectors, delaying comple
tion of the new TPCs in the Angara and middle Yenisey valleys. Com
pletion of the planned North Siberian railway from Surgut in Western 

Siberia to the BAM line in the upper Lena valley would connect these 

TPCs, but the enormous sums already expended on the new railroad in 
the West Siberian petroleum region and the BAM make such a project 
unlikely before the late 1980s, at best (Dienes, 1983, p. 252). North 
of the mining frontier in East Siberia and the Far East, temporary 
"work-shift" camps will be used for new mineral development rather 

than the establishment of additional new towns.
Canada

In the Canadian North prior to World War II, federal policy in 
the Territories was largely one of laissez-faire, providing a modicum 

of administration, geological surveys and some transportation and 

communication facilities. The prairie provinces were more active in 
extending roads, provincial rail lines and hydroelectric power in 
support of northern resource development after jurisdiction over
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resources was transferred to the provincial governments in 1929. The 
infrastructure that was provided by government for resource develop

ment generally did not facilitate regional development (Rea, 1968, p. 

31+5; 1976, p. 76-80).
World War II brought a new strategic and social, as well as 

economic, awareness of the Canadian North. The Alaska Highway and the 
airfields of the northeast and northwest staging routes contributed to 

regional development by providing trunkline transportation facilities. 
A larger military presence, and the establishment of health and 
educational services, regional administrative centers and expanded 

communication networks followed in the footsteps of the wartime 
defense effort. Public investment policy became more aggressive, 

occasionally even leading instead of following private investment in 
productive activities. Public policy toward the private sector, at 
both the federal and provincial level, continued to favor large-scale 
enterprises, and also tended toward investment in joint business- 

government enterprise and in public monopolies (Rea, 1976, p. 90-91)*
Prior to 1972, Canadian tax laws were quite liberal to promote 

and encourage the mining industry. Federal laws provided for 
exemptions from corporate income tax for three years from the begin
ning of production, depreciation at 30 percent per year on a declining 
balance, an automatic depletion allowance of 33 1 /3 percent, and 
deduction of provincial taxes and royalties (Hogan, 1980, p. 30), all 
of which allowed a quick return on capital investment. Major advances 
on the northern mining frontier, both in the provinces and the
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Territories, were made in the 1950s and 1960s under this favorable tax 
climate and the supportive policies of the federal and provincial 

government in providing infrastructure. These policies were based on 
the rationale that the risks involved in mineral development were 

greater than in other branches of the economy, and that resource 
development was an especially important sector for Canada (Hero, 1980, 

p. 605).
The traditional supportive attitude of federal and provincial 

government policies was replaced in the early 1970s by a more critical 

one towards the mineral industry which at that time was enjoying a 
period of high profits. Increased taxation and mining royalties, 

revocation of the tax holiday for new mining investment, regulations 
to increase in-country processing, and increased federal and 
provincial ownership in mineral development reduced mining profits of 

private industry and created incentives for investment outside Canada 
(Cameron, 1980, p. 8l). The combination of federal and provincial tax 
increases on mineral production was most unfavorable in the western 

provinces. Exploration expenditures and investment in the non-fuel 
minerals declined by one-half during the period 1971-1975 (Hero, 1980, 
p. 607-609). Following the economic down-turn of the mid-1970s, this 
tax trend has reverted somewhat, although not to the prior low levels. 
After 1979 total income-based taxes on a $100 million mining project 
were about U0 percent in B.C. and Ontario, 36 percent in Manitoba, 31 
percent in Quebec, 26 percent in Yukon and 22 percent in NWT. The 
return to a 3-year tax-free period contributed to the low rate in NWT
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(Indian and Northern Affairs Canada, 1985, P* 20).
The world-wide recession reduced the demand for minerals, while 

at the same time the global supply of commodities increased. This 
combination led to decline in prices, tougher competition, and a 

tendency toward restricted market access due to protectionism and 
preferential treatment to selected countries. The result in the 

Canadian mining industry was a sharp reduction in output, the closure 
of high-cost and inefficient mines, restructuring to improve 
productivity, and increased international marketing efforts. The 
industry is recovering; most metals showed a significant increase in 

production from 1983 to 198U (CMJ, Feb. 1985* P« 7).
The federal government issued a statement in late 1984 addressing 

the need to promote growth in the private sector and restore fiscal 
responsibility. The Mining Association of Canada (1985) submitted a 

number of recommendations to the federal government for policy 
measures to create a favorable environment for economic renewal in the 

mining industry. Among these are:
- programs for employer benefits and training
- profitability as the basis for taxation

- reduction of government-mandated costs
- improved access to markets through the General Agreement on Trade 
and Tariffs (GATT)

- establishment of a bilateral free-trade zone with the U.S. (60 
percent of Canada's mineral exports go to the U.S.)

- in the North settle Native land claims in an equitable manner; 
adopt multiple-use concept in land use planning; permit pre
building of electrical generating capacity and invite private 
proposals for development of electrical power generation;
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continue joint industry-government training programs for workers 
residents; and develop an expanded program for geoscience data 
collection and mapping in consultation with industry (Ibid., p. 
133-1U7).

United State s
The American traditions of political econony have favored popular 

government, free enterprise rather than monopoly, and decentralization 
of authority. Prior to World War I, mining in Alaska, primarily gold 
and copper, was pursued almost in the absence of government policy. 
Railroad construction on the Seward Peninsula and in the Copper River 

basin was by the mining companies following the right-of-way legisla

tion of 1898, and the start of the highway system by the Alaska Road 
Commission in 1905 was supported by a minimum of public funds. The 
Alaska Railroad was constructed in 1915-1923 by the federal government 
primarily to support regional development and national defense. It 
was, however, an asset in the development of large-scale mechanized 

gold mining in the Fairbanks district.
In the inter-war period, mineral production in the U.S. generally 

kept pace with consumption, except for a small number of minerals that 
had never been mined in any amount domestically. Nickel was one 
mineral supplied in quantity from Canada. During most of this period, 

gold led the production of minerals in Alaska, and considerable sup

port was given to that industry by the Alaska Road Commission. The 
small group of competent, dedicated geologists of the U.S. Geological 
Survey mapped mining districts and mineralized areas of the Territory 
and provided valuable assistance to prospectors and miners, but they 

did not have the resources to perform detailed geological mapping of
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large areas. The increase in the price of gold decreed by the 
Roosevelt administration during the Great Depression was a significant 
benefit to the gold miners. Coal mining developed in the Alaska 
Railroad belt, and the petroleum potential of northern Alaska was 
presaged by President Harding's designation of Naval Petroleum Reserve 
No. U on the North Slope in 1923*

The escalation of U.S. mineral consumption due to military 

requirements in World War II and the ensuing reconstruction effort was 
accompanied by a decline in the grade and profitability of domestic 
reserves. The growth rate of consumption of fuel and non-fuel 
minerals exceeded that of other raw materials in the 1950s and 1960s, 
and although one of the leading world mineral producers, the U.S. 

became a net importer of minerals (Connelly and Perlman, 1971, P* 5̂ )« 
American corporations increased their levels of foreign investment to 
secure additional sources of materials, and were supported in this by 

government policy. (See Ashworth (1980) for a comprehensive treatment 

of the U.S. decision-making process in raw materials.)

President Truman, in 1951, stated the necessity for maintaining 
an adequate secure supply of materials to "meet our essential needs 
for national security, civilian welfare, and the continued growth of 
the United States", and established a Materials Policy Commission to 
assess the long-range aspects of materials supply. The Commission, 

chaired by William Paley, reported in 1952 that the U.S. "will become 
increasingly dependent on foreign sources of supply for most major 
materials", that "the principal areas for expansion of mineral imports
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are Canada, Latin America, the Near East and South East Asia", and 
that "private enterprise can and should continue to carry the major 

■burden" (cited in Tanzer, 1980, p. 75)* In 1983, President Reagan 
reiterated this philosophy with respect to the North, emphasizing that 
resource development in the Arctic was primarily a private sector 
responsibility and suggesting that the private sector would he paying 

more of the bill for additional services for resource development 

(Dugger, 198U, p. 29, citing the U.S. Department of State Press 
Release No. l6l, May 9» 1983, United States Arctic Policy).

The basic policy objective of ensuring adequate supplies of 

materials to meet the essential needs of the nation, with private 
enterprise as the primary producer, has been echoed in succeeding 

recommendations of the materials policy commission and subsequent 
legislation. A policy of self-sufficiency has been rejected 
consistently in favor of seeking the least-cost production world-wide 

(Office of Technology Assessment, 1985, p* 10lr-112). Government sup
port under the several minerals policy acts (the most recent are the 

National Materials and Minerals Policy, Research and Development Act 
of I98O and the National Critical Materials Act of I98U), is primarily 
in the areas of exploration, assessment of mineral resources, research 
in mining and processing technology, and increased emphasis on 
recycling, conservation and substitution.

The present level of detailed geological mapping of Alaska is 
woefully inadequate to assess the mineral resources of the state. 
About half of Alaska has been covered by regional scale (l inch = 1+

21k
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miles) mapping, and only 7 percent at the detailed scale of 1 inch = 1 

mile or larger. In contrast, the geology of all of the land area of 

the Scandinavian states and the Soviet Union have been mapped at the 

regional scale, and detailed mapping of most of the favorable mineral 
zones (about 1/3 of the land area) has been accomplished (Smith, 
198U).

Direct government support to the mineral industry was initiated 

in 1939 when Congress passed the Strategic Materials Act of 1939» 
later followed by the Strategic and Critical Materials Stockpiling Act 

of I9U6. These acts permitted the government to determine and 
purchase materials essential for defense and industry. The Defense 
Production Act of 1950, prompted by the Korean War, provided financial 
assistance for expanding domestic production capacity, including 
critical non-fuel minerals. Under these acts, a number of mines in 
Alaska were subsidized to produce strategic minerals including 
antimony, chromite, mercury, tin, and tungsten. None of these were 
large-scale mines requiring the construction of extensive transporta
tion facilities, and most of them closed down after the government 

stopped buying for the stockpile in 1957* In the 1960s the Kennedy 
and Johnson Administrations sold excess stockpile materials to control 
inflation or reduce deficits. The sale of government tungsten dropped 

the price of that metal by two-thirds, shutting down practically all 
of the domestic tungsten mines until the late 1970s. Congress revised 
the stockpiling laws in 1979* stating that the purpose of the 

stockpile is for defense of the nation only, not to control commodity
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prices (ibid, p. 112-113).
State policy in Alaska with respect to mineral and transportation 

development has varied with successive administrations. The develop
ment of Alaska’s natural resources to build the economy and benefit 
Alaskans was an important element in the state Constitution, and oil 
became the leading resource in the first decade of statehood. The 
early administration encouraged mineral development with tax 

incentives and funding of access roads to mineral developments. 
Active exploration was underway, especially for iron and copper, and 
in 1967 Governor Hickel explored the possibility of extending the 
Alaska Railroad to the Bornite copper mine being developed by 

Kennecott in the Kobuk region. The mine failed to develop and in 1968 

attention was diverted to the North Slope oil strike.
The billion-dollar state lease sale following the discovery of 

the Prudhoe Bay field foretold the wealth Alaska could expect to 
receive when it was developed. State policy in the 1970s under the 
Hammond administration shifted to one of restrained growth, economic 

development to "pay its own way", support of renewable resource 
development by oil revenues, and a strong commitment to environmental 
protection. The investment climate was clouded by an increase in 
state levies on oil production and a proposed ad valorem tax on 

minerals.
With declining oil prices in the early 1980s reducing the 

anticipated revenues, state political policies swung again toward 
diversification of economic development, including coal and nonfuel
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minerals. Visible agencies in the form of the Division of Mining in 
the Department of Natural Resources and the Office of Mineral Develop

ment in the Department of Commerce and Economic Development were 

established to foster responsible mineral development in the state. 
Legislation was enacted in 1983 to permit the creation of regional 
authorities with power to issue revenue bonds for transportation 
projects, and in 198U the state purchased the Alaska Railroad, along 
with the authority to extend it.

The export of coal from the Usibelli mine at Healy to Korea was 

facilitated by the construction of a coal terminal at Seward, owned 
and operated by a subsidiary of a Korean firm, Suneel Shipping 
Company, Ltd. Capital was acquired by a bank loan from the Chemical 

Bank of America to a partnership comprising the State of Alaska, the 
Alaska Railroad, the City of Seward, the Korean Ministry of Energy 
Resources, the Korean Electric Power Company, and the Usibelli Coal 

Mine (Eakins, et al., 1985» P* 19)*

ENVIRONMENTAL POLICY
The increasing rate of industrial production and population 

growth during the 1950s and 1960s raised serious world-wide concerns 
over the limits of resources, and increasing pollution and environ

mental degradation. The wave of environmental concern in the 1960s 
resulted in the establishment of measures by governments for pollution 
control, environmental protection and resource conservation (Odell, 

1980, p. 1-36).

277
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Scandinavia
Sweden provides an example of the development of environmental 

policy in Scandinavia. Based on studies and recommendations made By 

Royal commissions in the early 1960s, the government promulgated a 

national environmental policy in 1965 an^ developed specific-action 
programs. In 1969 the Parliament passed an Environment Protection 
Act, with overall policy responsibility given to the Department of 
Agriculture. The National Environment Protection Board (NEPB) was 

created to develop environmental standards, review and act on applica
tions for exemptions to emission standards, and enforce environmental 
protection regulations. Regulatory power in Sweden remains at the 
national level and is not delegated to lower levels of government 

(Lundquist, 197**5 P* 10, 1^, 2U-26).
The basic Swedish approach to point source pollution control has 

been one of Best Available Technology (BAT). The 1969 Environment 
Protection Act required that anyone intending to engage in a polluting 
activity must take such measures as can be "reasonably demanded", with 

a view to what is technically and economically feasible. To determine 

requirements of "technically and economically feasible", source 
emission standards were promulgated for those industries designated in 
the Act. Permits for polluting activities are issued by the Franchise 
Board, which has court-like procedures including public hearings. 
Regulated interests may apply to the NEPB for permit exemptions, which 

are settled by negotiations between the NEPB "exemption unit" and the 
industries concerned, with less stringent rules for public participa
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tion. Direct subsidies for pollution control equipment installations 
were provided, regardless of the size of the industry, until 197^- At 
that time, area-wide air quality standards (air1 resource management) 
were being developed (Ibid., p. 27-33).
Soviet Union

The environmental movement began in the Soviet Union in the early 
1960s when scientists and journalists protested against a rayon plant 
at Lake Baykal which threatened to pollute that remarkably clean water 

body. The matter gained the attention of the central government, and 
after several years of orders and regulations and several millions of 

rubles, the waste treatment facilities installed at the Baykal plant 
were among the most elaborate in the world (Gustafson, 1981, p, U0-
UU).

Elsewhere in Russia, the volume of industrial and municipal 
effluent increased to the point that public health and the future 
development of the southern half of the country became threatened. In 
1970 a national water code was put into effect, followed by water 
legislation for the 15 union republics. Enforcement of water quality 
was placed under the USSR Ministry of Reclamation and Water Manage

ment, which was greatly expanded for that purpose, in 1972. Regional 
enforcement agencies were authorized to levy fines, and if necessary, 

order violating plants to shut down operations.
In 197^ environmental protection was incorporated in the national 

economic plan and a special division for the environment was 

incorporated in Gosplan, the central planning body. Funding for water
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quality was increased greatly beginning in 1973, and may exceed the 
level of effort of the U.S. in terms of money in the 1980s. In 1978 
the State Committee for Hydrometeorology and Oversight of the Environ

ment was established, with its chairman as a member of the USSR Coucil 
of Ministers (Ibid., p. 50-510).

Air pollution has been a problem since the early years of Soviet 
industrialization, and though Soviet scientists have made significant 
contributions to world knowledge in this field, the use of tall stacks 

for smoke dispersal and isolation of plants with buffer zones were 
still the predominent measures for air resource management in the 
1970s. Pollution abatement devices of the best available technology 

are installed in some industrial centers, but they are costly and of 
low quality, and seem to be the exception rather than the rule (Mote, 

1976, p. h). Emissions from the nickel mines and refineries at 

Noril'sk in northern Siberia are believed to contribute to the arctic 
haze phenomenon observed over northern Alaska (Shaw, 1983, p. U-9)*

Legislation for the restoration of strip-mined land was enacted 
in the Russian Republic (RSFSR) in i960, which required that 
enterprises which extract mineral resources reestablish soil fertility 

on lands suitable for agricultural use. In 1968 the Supreme Soviet 

enacted legislation requiring all mining, prospecting and construction 
activities to put lands in suitable condition for agriculture, 
forestry, fishing, or other previous use. The statute further 
requires that the fertile layer of soil is to be removed and stored so 

that it may be used to recultivate the land and and increase the
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fertility of unproductive land. Enforcement is the responsibility of 
the district or province Soviet (Pryde, 1976, p. 68-70).
Canada

Public concern over environmental issues was not so vociferous as 
that in the U.S. in the 1960s. At the regional level, the provinces 
enacted various legislation such as the Ontario Air Pollution Control 

Act of 1967* It was not until after the 1968 elections that Canadian 
politicians addressed the environmental issue at the federal level. 

In the Canadian system of government, the provinces have considerable 
constitutional authority, and national policy matters affecting the 
provinces are negotiated between the Prime Minister and the provincial 
Premiers. After agreement was reached between the Prime Minister and 
the Premiers, a national environmental policy was established, and the 
Department of Environment was created in 1969.

The Canada Water Act was passed in 1970 and the Canada Clean Air 
Act in 1971* An Environmental Advisory Council was established, 
although it does not have any independent status. The provinces are 
responsible for carrying out the provisions of these acts in their 
geographic areas, while the federal government retains leadership in 
international and interprovincial matters, and in environmental 
research and development activities. Also the federal government can 

provide financial assistance to the provinces (Lundqvist, 197^» P* 15

17).
The Department of the Environment set up the Environmental Asses

sment and Review Process (EARP) in 1973 to bring federal projects
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under environmental and public scrutiny. It operates through 
administrative policy and procedure rather than through federal 

legislation. By 1976 each province had some type of environmental 
impact assessment procedure in place. There are several differences 
between the Canadian and U.S. environmental assessment processes. 
Environmental assessments are not legally binding on the proponents. 
In Canada citizens do not have as ready access to the courts as in the 
U.S., nor do the courts play a legislative role as American judges do. 

Also, EARP has no independent watchdog such as the U.S. Council on 

Environmental Quality (Lang, 1979> P« 239-2^5).
United States

Public concern in the U.S. over increasing rates of pollution and 
degradation of natural landscapes was amplified in the 1960s by a wave 
of expression from college campuses, environmental scientists, 

concerned citizens and national conservation organizations. Congress 

passed laws to protect air and water quality, and in 1965 President 
Johnson initiated his policy of "Natural Beauty". In 1969 a landmark 
statute, the National Environmental Policy Act (NEPA) was enacted. 

The act clearly committed the federal government to goals which would 
attain the widest range of beneficial uses of the environment without 

degradation and risks to health and safety, balance population and 
resource use, maintain an environment supporting diversity of indivi
dual choice, and recycle depletable resources.

That act requires an environmental impact statement (EIS) for all 
federal action significantly affecting the quality of the human
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environment. The EIS must assess the environmental impact of the 
proposed action, the adverse environmental effects which cannot be 
avoided if the proposed action is implemented, alternatives to the 

proposed action, relationship between short-term use of the environ
ment and long-term productivity, and irreversible commitment of 
resources resulting from implementation of the proposed action. The 
EIS must be subjected to public review and comment, although the 
initiating agency retains responsibility for final decision on whether 

or not to proceed with the action (Lang, 1979» P* 236).
The Environmental Protection Agency (EPA) was established to 

administer the Act, and the Council on Environmental Quality (CEQ) was 
created to oversee the EIS process, issue policy guidelines under 
NEPA, coordinate and review EISs, and review agency programs as to 

their environmental effects. Public pressure through the courts as 

well as direction by the CEQ can require the initiation of an EIS by 

federal agencies (Ibid., p. 237)*
Following the enactment of NEPA, the clean air and clean water 

acts were revised, and several new acts pertaining to environmental 
protection were passed. These include the Coastal Zone Management Act 

of 1972, the Endangered Species Act of 1973, the Safe Drinking Water 
Act of 197^» the Resource Conservation and Recovery Act of 1976 
dealing with solid and hazardous wastes, and the Surface Mining and 

Reclamation Act of 1977*
The EPA has jurisdiction over activities involving significant 

air, water or hazardous pollutant discharges, and may be the lead
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agency in the preparation of EISs for major development projects on 
non-federal lands in Alaska. The US Army Corps of Engineers regulates 
activities that involve construction or discharge of dredge or fill 

materials in navigable waters or wetlands. Wetlands include wet or 
moist tundra, muskeg, bogs and marshes, all of which cover a substan
tial portion of Alaska's land area. Where wildlife migration or 
endangered species may be affected, activities are reviewed by the US 
Fish and Wildlife Service. The federal land management agencies 

(Bureau of Land Management, National Park Service, Fish and Wildlife 
Service and Forest Service) are responsible for EIS action for activi

ties on federal lands in Alaska which they respectively manage. The 
federal Department of Transportation is the lead agency for EIS action 

for transportation facility construction.

Alaska followed the lead of NEPA in 1971, enacting legislation 
which established the Department of Environmental Conservation. The 
Department is responsible for regulation of air and water quality and 
solid waste disposal, in connection with the EPA and other federal 
agencies. State standards for water quality are even more stringent 

than those of the federal government. A summary of significant 

activites and accomplishments of the Department during its first ten 
years has been compiled by Strauss and Strauss (1981) of the 
Department staff.

The state also elected to assume responsibility for its coastal 

zone management program in 1977, and management of surface coal mining 
and reclamation in 1982. Mining and related construction projects

28^
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require a possible total of 33 different permits relating specifically 
to environmental protection, issued by five federal and six state 

agencies. (See Fernette, 1983, for a detailed description of 115 
permits required of the Alaska mineral industry.)

The imposition of pollution regulations required industries to 
expend additional capital for pollution control. For those industries 
producing consumer goods, price increases in the short run could pass 
this increased cost to the consumer (Leone, 1976, p. 2-8). The 
mineral industry, however, produces a material for the manufacturer, 

who can turn to other suppliers rather than pay the price increase 
required to meet the cost of pollution control. The greatest pollu
tion control costs are incurred in the smelting and refining end of 
the mineral production process to meet air quality standards. 
Producers in the U.S. estimated that in 1977 pollution control costs 
added $.33 per kg ($.15 per lb) to the cost of copper produced, and 
increased the cost of new smelter and refinery construction by 
approximately 20 percent. Environmental regulations add 5-10 percent 
to the cost of exploration and mine development costs (Whitney, 1980, 

p. 302).
Zinc refining in the U.S. was hit particularly hard by the air 

quality regulations. Smelter output declined nearly 25 percent 
between i960 and 197*+, and 30 percent of U.S. zinc smelter capacity 
was shut down between 1969 and 1971 (Cameron, 1977, P* *+2). Plants 
closed because they were obsolete, could not meet the environmental 

regulations, or could not compete for concentrate feed with added
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pollution control costs. The decline in U.S. refining capacity 
spurred other zinc-producing countries. Canadian production of zinc 
metal nearly doubled between i960 and 197 ,̂ and since that time has 

been surpassed by Japan, which has become the world's largest producer 

of refined zinc (Hero and Logan, 1980, p. 1+75)*
Water quality regulations have had the greatest impact on mining 

operations. This has been particularly serious for the Alaska placer 
mining industry, which requires a large quantity of water per unit 
volume of gravel washed. The majority of placer mines cannot meet the 

stringent standard for effluent turbidity established by the state in 
1983. Although a state-funded project to develop practical technology 

to reduce the level of effluent solids is underway, mines have filed 
suit in court to have the state relax its turbidity standards.

The Red Dog lead-zinc mine being developed by Cominco in 
northwest Alaska will not only meet the EPA and state requirements, 

but will actually improve the stream water quality. Ambient levels of 
toxic metals are high due to natural leaching of the ore body. 

Treated waste water from the mine and mill will dilute the concentra

tion of these contaminants (Office of Mineral Development, 198U, p. 

III-7).
THE PHYSICAL ENVIRONMENT 

Environmental qualities which characterize the Northlands, e.g., 
extremely cold temperatures, snow cover, presence of permafrost, poor 

soil conditions, and low biomass volume and growth rates, increase 

mining and transportation costs for construction and operation under
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these conditions, as well as the costs to minimize degradation of the 

land.
Effects of the Environment on Mining. Although the long, cold 

winters present conditions that are uncomfortable, difficult and even 
hazardous to men and machines, there are operating mines and trans
portation systems scattered throughout the circumpolar rim. The 
literature is replete with descriptions of the technology and 
techniques employed, which will not be repeated here. Suffice it to 

say that the northern environment need not bar the development of a 
mine, but will increase the construction and operating costs and may 
preclude year-round operation.

Effects of Mining on the Environment. Here the record is not so 
bright. For example, disturbed ground underlain by permafrost is 
subject to subsidence and erosion in many areas, and natural regrowth 
of vegetation is slow or may not occur. Landmarks such as the Hickel 

Highway, a winter road from Livengood to Prudhoe Bay in 1969-1971, 
remain for decades. Restoring the land surface and the vegetation 
cover is more costly in the North than in the Temperate Zone, and 

takes longer. Detailed treatment of the impacts of mining, trans
portation and hydroelectric developments in northern Alaska and Canada 

are found in Louis Berger and Associates (1980, Phase I, Volume 5), 

Johansen (1975), Turkheim (1975) and Van Diepen (1975)*
In much of northern Alaska, summer off-road operations are 

restricted to low-ground-pressure vehicles which do not disturb sur
face vegetation, and in winter heavy equipment must be operated over a
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properly prepared winter road or over an adequate layer of snow 

(Rhoads, 1977). In the construction of permanent roads, the standard 
cut-and-fill technique and side-hill cuts should be avoided, and the 
road embankment laid on undisturbed ground wherever possible 

(Lotspeich, 1971, P* 19-33)* These requirements increase construction 
costs in two respects: (a) all material for the road bed must be

excavated and transported from environmentally sound gravel sources, 
and (b) following the natural terrain rather than cutting or filling 

increases the road distance proportionally to the hilliness of the 
topography.

THE SOCIAL ENVIRONMENT

The history of the circumpolar regions has been the intrusion of 

a Caucasian society in areas inhabited by aboriginal societies. 
Assimilation of aboriginal societies has been most complete in 

Scandinavia's Nordkalotten and in Russia's European North. In Asiatic 
Russia, cities and large towns have been established in the North to a 

much greater extent than in the corresponding regions of North 
America, and the Soviets have followed a policy of deliberate 

Russianization of the indigenous peoples (Armstrong, 1965, p. 169). 
In the North of Canada and Alaska, the establishment of new towns has 

been on a much smaller scale, and largely independent of the 
aboriginal settlement pattern.
Scandinavia

The population density in Nordkalotten, 2.5 persons per sq km 
(6.5 per sq mile), is the highest overall in the Northlands. The six
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largest towns (BodtJ, TromsB, and Mo-i-Rana in Norway, Kiruni and Luled 

in Sweden, and Rovaniemi in Finland) range from 28,000 to 61*,000 in 
population. The aboriginal Lapps comprise only about U percent of the 

nearly one million inhabitants of Nordkalotten. Requirements for 
social infrastructure and services are relatively high in relation to 
economic infrastructure, and regional development programs have 
focused on both social and economic measures to sustain population 
levels which have been declining in the post World War II years 

(Armstrong, et al., 1978, p. 216-218).

Soviet Union
In the Soviet North population density varies from 6 per sq km 

(15*5 per sq mile) in the Kola Peninsula to less than 0.1 per sq km 
(0.26 per sq mile) in the West Siberian Plain. Throughout most of the 
Asiatic North, population density is between 0.1 and 1.0 per sq km 
(0.26 to 2.6 per sqmile) (Sugden, 1982, p. 363). The Russian popula
tion has continually increased during the Soviet period, largely 
involuntarily through the Stalin era, and with other incentives sub

sequently. The incoming Russians are primarily urban. By 1975 there 

were 9 cities of more than 100,000 and at least 39 between 15,000 and 

100,000.
The natives, about 16 percent of some 7 million inhabitants, are 

predominantly rural. They are increasing at a higher rate than the 

population of the Soviet Union as a whole, but less than the immigra
tion of Russians. While many natives in the European North and in the 
Yakutsk region of Siberia have made the transition to Russian life,
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most are rural, following their traditional life of herding, hunting 
and fishing. The Russians have not forced them to assimilate, but 

neither have they permitted them independent political power 

(Armstrong, et. al., 1978, p. U6-i9)*
Canada

Northern Canada has the lowest population density in the Circum- 

polar North, 0.015 per sq. km (0.039 per sq mile). Non-native settle
ment has been almost completely independent of the native community 
outside of the western provinces and southern Quebec, although Natives 
make up nearly half of the total population. The native/non-native 
ratio is lowest in Yukon Territory and the western provinces, and much 

higher in eastern NWT and northern Quebec. Towns in the Canadian 
North are much fewer and an order-of-magnitude smaller than in the 
Soviet North. The largest population centers are Thompson, Manitoba, 
Labrador City-Shefferville in the Quebec-Labrador region, Whitehorse, 
Y.T. and Yellowknife, NWT, all of which are under 20,000 (ibid., p. 

102-103).
Prior to the 1960s economic development had little impact on the 

Natives, and government concern was primarily one of their social 

welfare - health, education and relief. The expansion of oil explora

tion in the west and the gigantic James Bay hydroelectric project in 
the east were perceived as serious threats to their subsistence live
lihood and way of life. In the early 1970s Eskimos and northern 
Indians organized to present their claims to the government. While 

they have not been awarded, as of 1985, any major settlements of lands
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and money as have the Alaska Natives, they have become a significant 
political force. An agreement has been reached with the Natives in 
Quebec regarding the James Bay project. In the west an inquiry 
conducted by Justice Thomas Berger resulted in the postponement of any 
pipeline project in the Yukon or Northwest Territories pending a 
satisfactory settlement of native claims, as well as assurance that 
development projects will involve the participation of residents of 

the affected regions (ibid., p. 117-121; Berger, 1977, Vol. I).
In the 1970's a shift in priorities of the federal government 

with respect to northern development occured. Although a policy of 
encouraging development of the northern territories for the benefit of 
the national econony and the well-being of Canadians remained, it was 
relegated to a lower position. The first objective was to provide a 
higher standard of living, quality of life and equality of opportunity 
for northern residents, "development of the North for northerners". 
Policy emphasis had shifted from economic growth toward the resolution 
of social, environmental and political problems (Graham, et al., 1979» 

p. 9-8)*
Alaska

The distribution of population in the Alaskan North is somewhat 
denser than in the Canadian North, about 0.03 persons per sq km (0.08 
per sq mile) outside of the Tanana River region. About two-thirds of 

the North Alaska population occupy the Tanana Valley, the majority of 

whom live in the environs of Fairbanks, the dominant city. Other 
regional centers are Dillingham, Bethel, Nome, Kotzebue and Barrow, on

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



292

the outer periphery, and Delta Junction, southeast of Fairbanks. 
These communities average around 3,000 persons each; other communi

ties, over 100 in number, range from a few dozen to a few hundred 
people in size. The proportion of Natives in the area is about 30 
percent of a total population of around 105,000. The Tanana region 
and Nome are predominantly white, while most of the other towns and 
villages are predominantly Native (Louis Berger & Associates, 1980, 

Phase I, Vol. I, p. 3.1-3-7; Louis Berger & Alaska Transportation 
Consultants, 1982, Vol. II, p. 3-8).

Rural Alaska north and west of the Tanana region has been based 
traditionally on a subsistence economy. Prior to the 1960s the 

Natives were relatively little influenced by and had little influence 

on development. Potential threats to their subsistence lifestyle from 
two proposed government projects, the creation of a port northwest of 
Kotzebue by a nuclear blast and the huge Rampart Dam on the middle 

Yukon River caused the Eskimos and the interior Alaska Indians 

respectively to organize in opposition. Their resistance, together 
with that of environmentalist groups, was a significant factor in the 
ultimate abandonment of both projects. A statewide organization, the 
Alaska Federation of Natives, was formed in the late 1960s, which made 
formal claims to all Alaskan lands based on aboriginal use and 

occupancy. Supported by the state government, the oil industry (which 
was anxious to begin construction of the trans-Alaska oil pipeline) 
and conservationist organizations, the Federation was successful in 
getting Congress to pass the Alaska Native Claims Settlement Act
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(ANCSA) of 1971 (Naske and Slotnick, 1979, P* 205-222).
Under the provisions of this momentous act, the Natives of Alaska 

were to receive nearly $1 billion and title to nearly 18 million 
hectares (UU million acres) of land, more than 10 percent of the state 
in addition to reservation lands , for which all prior claims were 
extinguished. Twelve regional Native corporations were established 

and significantly, the mineral rights on both regional and village 
lands were given to these corporations. The ANCSA has given Alaska's 
Natives more political and economic power than possessed by any other 

aboriginal peoples in the continental Circumpolar North.

LAND MANAGEMENT
The majority of the Northlands are in public rather than private 

ownership, hence the institutions governing the use and management of 
public lands are of particular significance to mineral and transporta
tion development. These institutions vary considerably among the 

circumpolar nations.
Scandinavia

Historically the rulers of the Scandinavian states have 
distributed land for farming and forestry, issued charters to private 
miners for mineral extraction, and provided water rights to industries 
for water power. Wasteful and excessive cutting of forests led 
governments to control private timber harvesting and to retain some 
forest lands in public ownership. Governments exercised control over 
water and mineral rights both to induce private capital to develop 
natural resources and industries, and also to prevent foreign
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interests from getting too much control. As a result of these trends, 
there is considerable private ownership in Nordkalotten, and also 

considerable government ownership and participation in resource 

development including forestry and mining, and in the processing 
industries. Land management is an element of regional development and 
in programs to improve the productivity of farms and forests (cf. 
Mead, 1968).

Soviet Union
In the Soviet centrally-planned econony, "society and the state 

are the owners of the land, minerals, water, and other resources..." 

(Khachaturov, 19^9* P* 6l). Management of land, resources, power, 
transportation and industry is under branch ministries of the central 
government. Although goals and priorities are established by the 
central Party Congress and the Five Year Plan, there is considerable 

conflict among ministries over land use as well as competition for 
capital. Khrushchev, in the early 1960s, attempted to solve this 

problem by establishing regional planning councils, but these were 
dissolved by his successors on the basis that they compounded rather 
than reduced the problem (Rea, 1976, p. 218).

Development of the resources of Siberia and the Far East, 

especially energy, continues to be of high priority, and emphasis is 
placed on the planning and establishment of Territorial Production 
Complexes (TPC). The TPC is a combination of enterprises situated in 
a resource-endowed region, and using a common production-related and 

social infrastructure (Nekrasov, 1979, P* 32). Land management and
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environmental protection are incorporated in the TPC program. Under 
the "Principles of Land Legislation" promulgated by the central 
government, surveys are made to determine the quality and production 

potential of land areas (Khachaturov, 1969» P* 53-5*0* This practice 
would also apply to decisions for isolated single-use development and 
production in the Far North of Asiatic Russia where there is little 
other competition for land use.

In 1978 the Central Government began setting aside specific areas 
for scientific study. These State Nature Reserves (Zapovedinki) and 
Biosphere Reserves are widely scattered and generally small in size 
(less than 20,000 t, 1.35 million hectares; 50,000 - 3«*r million 
acres). To date they occupy only about 0.5 percent of the Soviet 
North, and pose negligible, if any, restriction to mineral development 

(Stewart, 1985)*
Canada

The provinces of Canada have been given the control of the lands, 
waters and minerals within their provincial boundaries and the right 

to determine who may develop mineral resources and under what condi
tions. Each province has established its own laws and regulations 
pertaining to land use, environmental protection, the extraction of 

minerals, and access to mineral areas.
The federal government has proprietary rights over lands and 

minerals in the two Territories. Federal legislation (the Surface 
Rights Acts) provides for entry to the land by miners and procedures 
for settlement of damages. Access is generally provided by
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establishing public roads or road allowances on a one-mile grid, the 

equivalent of section lines in the U.S.
Mining is prohibited in national parks under the National Parks 

Act and in wildlife and migratory bird sanctuaries. The national park 
planning system limits the total area proposed for parks to 5 percent 
of the northern lands, and an additional 2.5 percent for wildlife and 

bird sanctuaries. Another 7*5 percent is under consideration for 
International Biological Program (IBP) sites. The Departments of 
Indian and Northern Affairs and Energy, Mines and Resources jointly 
have initiated an assessment program to evaluate the mineral potential 
of lands before they are withdrawn and dedicated for exclusive use 

such as national parks (Indian and Northern Affairs Canada, 1985. P« 

31-32).
Alaska

Nearly all of the lands of Alaska are divided in an intermingled 

pattern among three major owners, the federal government (59%), the 

state (28%) and the Alaska Natives (12%). Less than one percent of 
the state is in private hands (other than Native lands), although this 
figure should slowly increase because of the state land disposal 

programs.
Under the provisions of federal land classifications, more than a 

third of the land in Alaska is closed to mineral entry. Nearly one 
third of the 166 significant mineral deposits identified by the 
Northwest Mining Association (1978) in the Alaska North, as defined in 

this study, lie within federal lands closed to mineral entry. The
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Alaska Lands Act (ANILCA) draws on many mining statutes, each of which 
leave considerable discretion to the Secretary of Interior. Mining 
could be precluded in most of the conservation areas under a Secretary 
who favors preservation, while a more development-oriented Secretary 
could open more areas to mineral entry (Fish, 1981, p. 196). Feasible 
access routes to known open-to-entry deposits (e.g., the large copper 

deposits in the south flank of the Brooks Range and the Red Dog lead- 
zinc deposit in the northwest) cross national interest lands. 
Approval for right-of-way by the highest levels of government 

(Congress or the President) may be required under Title XI of ANILCA.
The state government has issued mineral closing orders on 

specific parcels of land, and prohibits mining in state parks. How
ever the proportion of state lands thus affected is small compared to 
the amount of federal land closed to mining. Regional land use plan
ning has been initiated, which will classify state lands within each 
planning region according to the major surface use. The first of 

these plans, the Tanana Basin Area Plan adopted in 1985* covered an 
area of 52 million hectares (21 million acres),.of which 32 million 
hectares (12.5 million acres) are state lands. About 2 percent of 
these state lands will be closed to mineral entry by reason of high 

recreation potential or very important wildlife values. Another 7 
percent, recommended for sale, will be closed prior to the sales 

(Alaska Department of Natural Resources, 1985» Ch. 1, p. 1-8).
Of the 108 million hectares (UU million acres) of Native land in 

the state, 75 percent is in the seven regional corporation areas
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located in the North (Arctic Slope, NANA, Bering Straits, Calista, 
Bristol Bay, Ahtna and Doyon). Entry for mineral development and 
rights-of-way for access by private developers must be negotiated with 

the corporation concerned. The corporations generally have been 
favorable toward mineral development, but want to have a voice in the 
planning, construction, and operation of mining ventures and the 
associated transportation systems. Doyon Limited and Bering Straits 
Native Corporation have entered previously into mineral development 
and oil exploration ventures, but none has yet reached the production 
stage. The NANA Regional Corporation is in partnership with Cominco 
Alaska in developing the Red Dog mine, which is expected to begin 
production in the late 1980s. The Cominco firm has achieved a high 

level of expertise in northern mining and in establishing favorable 

relations with indigenous peoples from their development of mines in 
northern Canada and Greenland. This reputation was a significant 
factor in NANA's selection of Cominco to develop the Red Dog deposit.

A third level of government is present in the North in the form 

of boroughs. The Fairbanks North Star Borough covers 270,000 hectares 

(110,000 acres), and the North Slope Borough encompasses practically 
all of Alaska north of the 68th parallel. The boroughs have tax 

powers, and the North Slope Borough derives considerable revenues from 

property taxes levied on the petroleum industries.
The data presented in this and the preceding chapters provide a 

basis for comparing the progress of mineral and related transportation 
development in Alaska with other national regions in the Circumpolar
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North. This comparison and conclusions drawn from the analysis of 

northern mineral and transportation development are presented in the 
final chapter of the study.
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CHAPTER 6 : CONCLUSIONS

The development and production of natural resources in the 
northlands of the circumpolar rim nations have occurred at widely 
differing rates and levels of intensity. The preceding chapters have 
attempted to portray the historical progress of resource development, 

in particular the development of mineral resources and the 
transportation infrastructure associated therewith, and to ascertain 
and compare the factors which have influenced their development in the 
northern regions of the Scandinavian Peninsula and Finland, the Soviet 
Union, Canada and the United States. Conclusions considered pertinent 

to potential future mineral development in Alaska are presented in 

this chapter.
The evolution of the non-aboriginal occupation of the Circumpolar 

North progressed from the search for trade routes to the Orient to the 
exploitation of natural resources, the manifestation of sovereignty 
and national security, settlement, and varying degrees of social and 
economic development. The distribution of renewable resources such as 
fish, timber, agricultural land and hydroelectric potential is 
primarily a function of climate and is predominantly latitudinal. The 

occurrence of minerals on the other hand, is a function of geologic 
and tectonic processes independent of present-day latitude. The rate 
and extent of the development of northern resources has been a 
function of the cultural and political heritage of the parent nations, 
as well as geographic location, technology, and the economics of
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supply and demand.

The necessary conditions for the development of a mineral 
resource are: the existence of a technologically exploitable deposit,
a demand for the mineral, investment capital, infrastructure and 
energy supply for the production and transportation of the mineral to 
market, favorable (or at least neutral) political policies, and a 
total benefit greater than the total cost. The physical environment 
of the North is no bar to the construction and operation of mines and 
supporting transportation systems. The application of state-of-the- 
art technology has resulted in the successful development of mines, 

ports, roads, and railroads in such inhospitable locations as Little 

Cornwallis Island (T5°N) and Baffin Island (73°N) in Canada, Svalbard 
(78°N) in the Barents Sea, and Noril'sk and Deputatsky, both at 69° N 
in the Soviet Union. Provisions for the protection of humans and 
equipment from the adverse environmental conditions, and protection of 
the natural environment from adverse effects of development activities 

increase the cost of construction and operation of mines, support 
facilities and transportation systems significantly. Because of these 

incremental costs, a mineral deposit in the North must be of higher 
grade and tonnage than those in more favorable climatic regions to be 

competitive.
In an industrially developed and settled region, the basic 

infrastructure and energy supply system is in place, and the use of it 
for a mineral development is a relatively small increment of the total 
production cost. In a frontier region, however, the provision of
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infrastructure and energy assumes a large proportion of the total 
capital investment for the development of the project. In addition, 
the mine and its associated infrastructure —  transportation, energy 
supply and service support, become an element of the local and 
regional economic and social system, particularly when the transporta
tion system is an extension of the regional network. For these 
reasons, resource development in frontier areas generally has required 
more government involvement, both direct and indirect.

Benefit can be defined in non-monetary terms such as the 
contribution to national objectives of minerals self-sufficiency, 

security of minerals supply, regional social development, or assertion 
of national sovereignty, as well as the traditional economic measure 

of corporate profits, revenue to government, earning of foreign 
exchange, and contribution to gross national or regional product and 

to per-capita income. Furthermore, benefits are differentiated in 
terms of the recipient, (citizen, corporation, community, state, or 

nation). What is a benefit to one recipient may be a cost at another 
level.

SIMILARITIES AND CONSTRAST: A COMPARISON WITH ALASKA

The climate-related environment of the Arctic and Subarctic is a 
characteristic common to the Northlands, and therefore is not 
considered a major factor in the regional differentiation of mineral 

and transportation developments in the Circumpolar North. 

Geographically, most of Alaska resembles northeastern Russia and 
northern Canada. In its remoteness from the industrial heartland, the
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predominance of mineral resources and relatively low potential for 
renewable resource development, and the paucity of transportation and 

supporting infrastructure all are truly frontier regions. In 
contrast, the Scandinavian Nordkalotten and the Soviet Northwest were 
more amenable to population growth and resource development as a 
consequence of the diversity of resources and relative nearness to 
the national heartlands and coastal marine navigation.

Alaska is unique in that it is much smaller in size and 
population in proportion to the parent nation than the other northern 

regions considered in this study. Also, it is geographically separate 
from the rest of the nation, whereas the other regions are contiguous 

(Greenland is also unique, but because of its singularity it is not 
included in this study).

Geologically, Alaska shares the types of metallogenic settings 
which evolved in the tectonic mobile belts of western North America 

and Russia east of the Lena River. The probability is low of 
discovering another Sudbury or Noril'sk copper-nickel district, a 

Kiruna or Schefferville iron region or an Athabasca Basin uranium 
region, all of which have been found in Precambrian shields. Based on 
the geologic endowment of mineral resources, Alaska is analogous to 

the Soviet Far Northeast and the Canadian Northwest. Although the 
level of non-fuel mineral development in Alaska is small compared to 
those regions (Fig. 19), Alaska does have a number of proven world- 
class ore deposits, most of which have been discovered within the past 
25 years.
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The circumpolar rim nations are resource producers, and the 
northern regions of those considered in this study contribute minerals 
to their gross national product. Although the U.S. is a net importer 

of non-fuel minerals and petroleum, crude oil is the major commodity 
produced in Alaska, most of which is shipped to the lower 1+8 states. 
The Soviet Union is practically self-sufficient in fuel and non-fuel 
minerals, while Canada exports both fuel and non-fuel minerals and the 
Scandinavian nations, Sweden in particular, are net exporters of non

fuel minerals. The economics of supply and demand ultimately 
determine whether or not a given ore deposit is developed. However 
government policies and social consensus can and do influence the 

economic equation.
In the closed, centrally-planned economy of the Soviet Union the 

demand or value (price) of a commodity can be established by the 
central government, which may set one price for export and another for 
domestic consumption of the same commodity. The values set on mineral 
deposits in the Soviet North are to support long-standing national 
goals of independence from foreign sources of supply, and exports to 
generate foreign currency and acquire foreign technology. These goals 

have been sufficient to cause development under adverse conditions and 
at costs higher than prices of those minerals in the world markets. 
The development of domestic mineral production in the post World War 
II period has been at a rate sufficient to sustain economic growth 
with a relatively small proportion of raw material imports and to 

export selected minerals with a favorable trade advantage. Most of
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the Soviet Union's hydrocarbon fuels and a substantial portion of her 
solid minerals are produced in the Soviet North, and the provision of 

transportation, energy and service infrastructure has been devoted 

primarily to resources and associated industries rather than regional 
social development.

Resource development in the northern regions of the market- 
oriented nations are particularly sensitive to world commodity prices, 
although monopolies, oligopolies and cartels can influence the free 
market. Large, vertically-integrated trans-national firms can offset 

mineral prices within successive stages of production and fabrication, 

and can provide an internal market for products from their mines while 

competing in the open market at a higher stage of processing or 

fabrication. The petroleum industry provides the most outstanding 

examples of the vertically- and horizontally-integrated trans-national 

firm. Steel firms, integrated backward to the iron-ore mining stage, 
developed large iron mines in northern Sweden and Quebec-Labrador. At 

the government level, the export-dependent Scandinavian states and 

Canada influence price-cost relationships by attracting foreign 

capital, providing capital infrastructure, and participating directly 

in commercial enterprises. In Scandinavia these measures have been 

taken for reasons of social welfare, regional development and 

sovereignty as well as for national economic benefit. In Canada, 

federal and provincial support of northern mineral development has 

been more for enhancement of the national economy rather than for the 

social benefit of the region, although in recent years more emphasis
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has been placed on giving the northerners a bigger share. The 

provision of infrastructure (roads, railroads, electrical power and 
townsites) and direct participation by government increased 
significantly in Canada after World War II, aiding the development of 
previously-known deposits and the discovery and development of new 
deposits in response to the post-war demand for minerals in the 
industrial countries including the U.S.

The U.S. has developed a strong materials base by drawing on 
domestic and foreign production by the private sector, with little 
government intervention other than to provide geological exploration, 
research and development of technology, and to assure the supply of 

strategic and critical materials for national defense and essential 
industries. Some infrastructure has been provided, e.g., roads 
constructed in Alaska during the gold-mining era prior to World War II 
and the Alaska Railroad, but most federal infrastructure aiding 

mineral development (primarily roads and water projects) has been 
built to serve broader public needs and national defense. The market 

place and national defense have been the major factors in Alaskan 
mineral development focusing on precious, strategic and energy 

minerals.
State government in Alaska made a vigorous effort during the 

first decade of statehood to support mining and other resource 
production to develop the state's economy. Executive and legislative 
action was directed toward establishing a favorable investment climate 
and selecting land with high mineral and other resource values, the
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Prudhoe Bay district being a most fortuitous choice. Some 
infrastructure support was provided within the limited financial 

resources of the state in the form of access roads, and serious 

consideration was given to extending the Alaska Railroad to the Brooks 
Range copper district, until the Prudhoe Bay oil strike in 1968 

eclipsed that project.
An order-of-magnitude surge in mineral exploration expenditure in 

Alaska, triggered by world market condition, led to the discovery of 
several world class deposits in the 1970s. These discoveries were 

overshadowed, however, by a series of issues and events, namely the 
environmental movement and consequent federal and state regulatory 

legislation, the settlement of Native claims (ANCSA) with its federal 
land restrictions, the development of the Prudhoe Bay oil field which 
provided a predominant source of revenue to the state, and a de

emphasis at the federal and state level toward development on public 
lands. The Alaska Lands Act of 1980 (ANILCA) solidified the land 
classification, but it did exclude some mineral deposits from national 
interest lands. In the first half of the 1980 decade, gold mining was 
stimulated by a spectacular price rise in 1980, and development began 

on three of the world-class deposits, but litigation over 
environmental issues and soft metal prices cast a shadow over the 

Alaskan mineral scene in the mid 1980s.
A comparison of the relative influence of political and social 

factors on mineral development in northern regions can be made by 
ranking these factors in a matrix as shown in Table 10. The factors

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



309

listed are not necessarily of equal influence on mineral development, 

therefore the absolute values of the total rank scores probably have 

little relevance. It is worthy to note, however, that the rank totals 
do reflect roughly the relative degree of mineral development of the 

respective regions. A more sophisticated system which weighs the 
several factors to reflect their relative degrees of influence would 
provide a more representative model of the socio-political environment 
of the national regions of the Circumpolar North.

Table 10
Socio-political Influences on Northern Hard Rock Mineral Development 

(it = Most favorable; 1 = Least favorable)
Factor Scandinavia
Gov't participation 3
Self-sufficiency 3
Regional development h

Encouragement of 
foreign investments/ 
markets H

Environmental 
restrictions 2

Social restrictions 3
Land use restrictions 3

Power development k

Population density it
Total rank score 30
Relative rank it

Soviet Union 
k 

k 

2

it
It

it

3
3

29
3

Canada Alaska (U.S.)

2
2
3

3
2
2
2
1

20

2

1
1
1

2

1

1

1

1

2
10
1

Source: Author's analysis
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ALASKA'S POLICIES

The necessary conditions for bringing a potentially economic 
mineral deposit in a mining frontier into production must occur 

concurrently to reach a "critical mass" (to borrow a phrase from 
nuclear physics). These conditions are synergistic, and a high 
positive magnitude of one condition may offset a deficient level of 
another. A number of examples (other than the close, centrally- 
planned econoiiy of the Soviet Union) can be cited:

- The discovery of a process for treating phosphoric iron ore 
was a major factor in the development of large-scale iron 
mining in northern Sweden.

- The high unit values of gold and relatively low cost of 
placer exploration and mining stimulated gold rushes to many 
previously undeveloped locations in the North.

- The demand for raw material for the U.S. steel industry 
generated sufficient capital to develop large iron ore 
deposits in northern Quebec-Labrador, and to provide the 
necessary transportation, energy and service infrastructure.

- The discovery of an exceptionally rich copper deposit at the 
time of a rising demand for copper made possible the 
development of the Kennecott mine in Alaska by a powerful 
vertically-integrated consortium.

- National objectives of regional social development prompted 
government investment in infrastructure and resource-based 
industrial development in Norway such as the Mo-i-Rana steel 
complex.

- The decision of the Canadian government to provide a rail 
extension and electrical power to Pine Point, Northwest 
Territories, reduced the level of capital needed by the 
mining company (Cominco) to develop a major lead-zinc mine.

Cominco is presently developing the Red Dog lead-zinc mine in 
northwestern Alaska, aided by a loan from the state government for 

construction of a port and haul road. Although the Red Dog deposit is
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one of the world's largest and is of relatively high grade, the 
company had calculated that it would need assistance to finance the 

transportation system in order to develop the project economically at 
prevailing market prices. Timing was a significant aspect in 
Cominco's decision to develop, so that the delivery of concentrates 
would coincide with a decrease in mill feed from other sources at the 
company's mill and refinery at Trail, British Columbia.

Alaska's mineral potential is comparable to that of other 

northern regions, but under the political and economic posture of the 
U.S. as compared with other free-world nations, Alaskan mineral 
development is particularly sensitive to market demand, commodity 

prices, and competing sources of supply on a global scale. That it is 
possible for Alaska to enter this arena is demonstrated by the sale of 
natural gas and petrochemicals to Japan, Usibelli coal to Korea, and 
the impending delivery of Red Dog lead and zinc concentrates to Canada 

and possibly to Asian markets. All of these products are available to 

their respective customers from other sources, with which Alaska is in 
open competition.

It is easier to analye why successful mines in the North have 
been developed than to determine the reasons why a large mineral 

deposit lies unexploited and what would be required to reach the 
"critical mass" enabling it to be developed. To ascertain the 

probability of the development of as yet undiscovered deposits is even 
more difficult. In retrospect, circumstances conducive to the 
development of Alaska's mineral resources, other than gold and high
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value deposits, have been out of synchrony. During the post World War 
II recovery period, while Canada and other circumpolar nations were 
expanding their mineral production, Alaska was occupied with defense 
construction, and the new state had few resources to assist in the 
development of remotely-located deposits. When nationalization of 
mines in the LDCs, expansion of markets in the resource-poor nations, 
and the availability of exploration funds led to the discovery of 

world-class deposits in Alaska in the 1970s, a national conservation 
movement, a burgeoning petroleum industry in Alaska, and a state 

administration advocating slower economic growth were less than 
favorable influences on the development of those deposits. The 1980s 

decade began with a resolution of the federal land status allowing the 
development of some important mineral deposits, and a somewhat more 
favorable state attitude toward mineral development at a time when 
declining world-wide economic conditions softened market prices for 

minerals. Several base metal mines in adjacent Canada were forced to 

close, and the state of the U.S. mining industry in the early 1980s 
was depressed, as described in an article in Business Week (December 

17, 1981+) under the graphic title, "The Death of Mining".
The decline of crude oil prices in the 1980s had a profound 

effect on the predominantly oil-financed Alaska state government 

stimulating a major review of state economic development policy. 
Several studies (e.g., Engelmen, et al., 1978 and Morehouse, et al., 

I98M  held that economic conditions rather than environmental 

restriction, other government policies and lack of infrastructure are
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the major deterrents to mineral development in Alaska. The Morehouse 

study indicates that the prospects for resource developments to avert 
an eventual fiscal crisis following the depletion of Prudhoe Bay oil 
are slight, and that an investment program to maximize savings from 
petroleum revenues to support state government in the long term is 
preferable to using those revenues to fund capital projects which will 
encourage resource development. A consideration of successful mineral 
developments in regions geographically analogous to Alaska, though 
under widely divergent political regimes, offers a broader range of 
options feasible within the political and social structure of the U.S. 
Some of these are discussed below in the context of the factors 

required for the "critical mass" needed for mineral development.
1. Mineral reserves - Mineral deposits were known to exist in 

Alaska during the Russian occupation, and mining has been important in 
the Alaskan economy for more than a century of U.S. ownership, but the 
extent and magnitude of the state's potential mineral wealth remains 
as yet largely undetermined. Intensive geological exploration of the 
Soviet Northeast, geologically similar to Alaska, has resulted in the 

discovery of a large number of deposits of sufficient size and grade 

to be mined under the adverse conditions of that region. An intensi
fication of the geological exploration and mineral assessment 

programs in the state, would provide an estimate of Alaska's true 
mineral wealth, would define targets for detailed exploration by the 
mineral industry, and would permit more effective land management and 

transportation planning. Judging from the world-class deposits

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



discovered in recent years by a surge of exploration expenditures, the 
probability of more such discoveries is high. Estimates of mineable 
reserves made today are based on current state-of-the-art, but the 

possibility of extending the reserve base by technological innovation 
in mineral extraction or processing should not be discounted.

2. Demand - So long as the industrialized nations continue to 
grow and other nations develop, the world demand for minerals will 

increase. Alaskan precious metals, and strategic minerals in time of 
need, are marketed in the U.S., but the reduction of U.S. base metal 

smelting and refining capacity weakens that market for Alaskan 
concentrates. The Asian countries of the Pacific Rim offer the best 

potential market opportunities due to Alaska's geographic location, 
but shifts in market opportunities and the availability of alternate 
sources are risks to Alaskan mineral development. As an example, the 

production of concentrates from the large copper mines being developed 
at Udokan on the BAM railway in Asiatic Russia, to be shipped to 
Japan, may soften that market for Alaskan copper concentrates. 
Another possibility is the development of a deep-sea mining for 
manganese nodules, which may render Alaskan production of nickel and 

cobalt non-competitive. An aggressive campaign to offer long-term 
commitments to customers in the Pacific Rim appears to be the best way 
to acquire markets for Alaskan minerals. The development of 
processing and refining plants to produce matte or refined metals 
would expand market opportunities and provide a higher return, as 
aptly demonstrated in the Scandinavian countries and Canada. This

• 31k
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could be accomplished in Alaska using modern pollution-free hydro- 
metallurgical and electrometallurgical processes, but would require 

ample and low-cost supplies of natural gas and electrical power.

3. Investment Capital - It is not likely that the U.S. federal 
or Alaska state government will enter into corporate ownership of 
reserve production to the extent that the governments of the 
Scandinavian nations and Canada have. The federal government can 
advance loans for the development and production of strategic and 

critical minerals, and Alaska state legislation is in place for 
appropriations to provide investment capital through the state's 
mining loan fund and Resource Development Corporation. Much of the 
capital needed for major mineral and other resource developments in 

Alaska will probably come from large U.S. and foreign corporations and 
financial institutions. The disclosure by a comprehensive geological 

exploration program of mineralogic targets can attract private 
exploration investment which may lead to new discoveries of lucrative 
deposits, and a favorable economic and political climate can induce 
private capital for their development, as indicated by past Canadian 

and Alaskan experiences.
h. Infrastructure - The transportation system, electrical power 

and other utilities, and services to support the workforce and the 
operation of equipment, collectively termed "infrastructure", are an 
essential element of mineral production. The mining of relatively low 
unit value minerals must be on a scale sufficient to operate 

profitably, requiring a heavy-haul transport system and large quanti
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ties of energy. The more remote a deposit is from the existing infra
structure system, the larger is the proportion of total mine develop
ment and operating costs devoted to infrastructure. Most previous 
metal and some large-scale and especially lucrative mine projects in 
the North have been able to provide the necessary infrastructure. 
However, as competition in world markets from other lower cost sources 
increased in the post-World War II era, a number of mines developed in 
the northern mining frontier have depended on government assistance in 
transportation, power and/or townsite facilities for their economic 

viability. There are a number of examples of Canadian mineral 
deposits, in locations geographically analogous to those north of the 
Yukon River in Alaska, in which government support in the form of 
infrastructure was a major factor in their development. Among these, 
in addition to the Pine Point mine, are copper-nickel and lead-zinc 
mines in northern Manitoba supported by an extension of the Canadian 
National Railway and provincial hydroelectric power, and three mines 

in Yukon Territory supported by the federal Roads to Resources program 
- Cyprus Anvil near Faro, Clinton Creek asbestos near the Alaska 

boundary, and Canada Tungsten on the Yukon-Northwest Territories 

boundary.
Institutions which exist within the Alaskan state government 

capable of providing or sponsoring infrastructure development include 
the Department of Transportation and Public Facilities, the Alaska 
Railroad, the Alaska Power Authority, and the Regional Resource 
Development Authority Act, which depends on appropriations from the
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legislature. Governor Sheffield proposed legislation to establish a 

capital projects fund which would automatically divert a percentage of 
state petroleum revenues, however it has not been enacted. The state 

has participated directly in mineral infrastructure in recent years, 
two outstanding examples being the Seward coal terminal and the 
financing of the Red Dog mine road and port.

5. Benefit/Cost - The basic economic equation ultimately 
applies to any resource development, from that in a totally 

government-controlled economy such as the Soviet Union to one in an 
ideal totally market-controlled free-enterprise system. The economies 

of the Scandinavian states, Canada and the U.S. fall within these two 

extremes, and differ from each other in the degree of government 
participation and subsidization as a function of national policies and 

perceptions of both economic and social benefits. The most visible 
and readily quantifiable benefit of a mineral development is the 
revenue derived from sales, a function of the market price of the 
commodity and the volume of production. Direct costs to the producer 
include the economic costs of development and extraction of the 
commodity and delivering it to the next customer in the production- 
consumption chain, and financial costs such as interest, taxes and 

insurance.
Under equal market price and financial cost conditions, deposits 

in northern frontier regions generally need to be of higher value per 
ton of ore to offset the higher costs of extraction and shipment to 
more distant markets than competing deposits in more favorable loca
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tions. Producers can enhance revenues and reduce production costs by 
increasing the scale and efficiency of production, and by integrating 
successive stages in the production-consumption chain. This may 

include not only the processing stages but also elements of the 

transportation system such as railroads, truck fleets, aircraft and 
ships. When market prices decline relative to operating costs, those 
mines operating on close revenue/cost margins are the first to be 
affected. Increasing operating costs in the face of a fixed gold 
price brought gold mining in Alaska to a virtual stand-still in the 
1960s. In Canada the decline in metal prices in the early 1980s 
forced the closure of both the Cyprus Anvil lead-zinc mine in the 
Yukon Territory and its multimodal transportation system, as well as 
the copper porphory mines in northern British Columbia with high fuel 
and other costs.

Benefits and costs perceived at regional and national government 
levels are reflected by the level of government support ranging from 

government ownership, direct subsidization, and the provision of 

infrastructure and services to assistance in marketing and attracting 
investment capital. Costs and benefits to the inhabitants of the 

region and to society as a whole are reflected in the social 
acceptance of or opposition to mineral development which in turn 

influences governmental actions. Government measures which directly 

influence the corporate benefit-cost equation in the predominantly 

market econouy such as the U.S. and Canada are those which affect the 

revenue side or the cost side of the equation. The former include
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price setting (e.g., the price of gold fixed by the U.S. government), 
the purchase of strategic minerals at higher than open market prices, 

and the use of tariffs in Canada to protect domestic mineral prices. 
The latter include the level of taxes, royalties and lease payments 
set by national, regional and local governments.

6. Policy - The degree of influence of government policy on 
northern resource development over the course of history has ranged 

from complete laissez-faire under the charter granted by the British 
crown to the Hudson's Bay Company in 1670 for a large tract of Canada, 
to complete control in the Soviet Union by a central government. 
Prior to World War II mineral development in the Soviet North was 
given a high priority to obtain coal, ferrous and base metals for 
heavy industry and gold for the national treasury and foreign 

exchange. Traditional paternalistic policies and a rising sense of 
nationalism in the early 20th century resulted in an increased level 
of government participation in the economies of the Scandinavian 
states, while a general policy of laissez-faire with minimal 

government participation permitted free enterprise to skim the richest 

of the mineral deposits in Alaska and northern Canada.
In the post-war period, development of resources and industrial 

complexes in the Soviet North intensified under central planning, and 
regional development programs in the northlands of the Scandinavian 
countries (Nordkalotten) significantly advanced the mining frontier in 

those regions, virtually eliminating it in Nordkalotten and the Soviet 
Northwest. The free-enterprise, market-oriented economy continued to
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operate in Canada and the United States, hut government intervention 
in mineral development in the Canadian North and Alaska increased over 

that in the pre-war era, in hoth positive and negative directions.
Canada is a mineral-exporting as well as a mineral-consuming 

nation, and government at both federal and provincial level espoused a 
policy of increasing mineral production to meet both domestic and 
world-wide demands during the 1950s and 1960s, which was expressed by 
programs and policy measure conducive to the development of new mines. 
These included favorable tax schedules, attracting foreign investment, 
access to mineral lands, provision of transportation and power, 
townsite planning and construction and minimal restrictive regulation 
and legislation. While less direct than government entrance into the 
corporate sector, these measures contributed to the economic "critical 
mass" for a number of mineral deposits in the Canadian North, which 
resulted in a great increase in mineral production from the 

Territorial and the Provincial North, and a considerable expansion of 
Canada's mining frontier.

It would be presumptuous to blame solely federal and state 
policies for the virtual absence of hard rock mineral development in 
Alaska during this period of active frontier development in Canada, 

but some government measures and expressions of policy which passively 

did not stimulate, or actively discouraged mineral development in 
Alaska can be cited. The federal government has accepted to a large 
degree an increasing dependence on foreign sources of supply rather 
than the adopting of measures aimed at self-sufficiency. A de
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emphasis of resource development on public lands was articulated by 
the withdrawal of large blocks of federal lands in Alaska from mineral 
entry. Complex permitting procedures to ensure compliance with 
environmental protection regulations have been promulgated which are 
costly to developers in time and money.

In the early years of Alaska's statehood, the state government 
attempted to stimulate the development of natural resources by 
favorable tax policies, selection of lands with known mineral 
potential, and legislation to finance infrastructure and attract 

investment capital. The new state's financial capability was insuf
ficient to implement large capital infrastructure projects. When the 
political climate toward investment in Canada and in resource-rich 

third world countries deteriorated, Alaska attracted a significant 
increase in mineral exploration capital. After the Prudhoe Bay oil 

field began to fuel the state's economy, state government de
emphasized the earlier policy support of non-fuel mineral development 
and instead followed the federal government's lead in implementing 
stringent environmental protection regulations. Dugger (198M, in his 
excellent discussion of U.S. policy regarding energy development in 
the Arctic, states (p. 3l): "Policy, like beauty, is in the eye of the 
beholder.". The mineral industry in Alaska felt threatened when the 
state increased the tax rate on oil production by a significant 
amount. Although the present state administration has established 
agencies within the executive departments to foster responsible 
mineral development, the industry perceives the state political
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environment as hostile, and as this is written, several major mineral 
corporations which had maintained their corporate offices in Alaska 
during the economic decline of the early 190Qs have withdrawn.

A POLICY DIRECTION FOR THE FUTURE 
There are indications that the general decline in mineral 

production is reversing, as reported in an editorial in the Canadian 
Mining Journal (February 1985) in rebuttal to the Business Week 
article referred to earlier in this chapter. Development of three 
major Alaskan mines (Quartz Hill, Greens Creek and Red Dog) is in 
progress, and the commencement of their production will be a milestone 

in the revival of hard-rock mining in Alaska. Any prognosis for a 
healthy mineral industry in Alaska must be predicated on the expecta

tion of the needs of an increasing world population over the long run 
and the maintenance of standards of living at least equal to if not 

better than that of the present. In addition, mineral development 
must be placed within the context of the total economic, social and 
political system of Alaska and the nation. I do not profess the 

knowledge or the wisdom to undertake such a task, but based on 
analogies with the expansion of mineral development in other northern 
regions, some measures, compatible with our social and political 

structure, are seen as necessary if the mineral industry is to be 

fostered as a viable segment of Alaska's livelihood:

1. A detailed coordinated federal and state program is needed 
for the comprehensive, large-scale geological exploration and mapping 
of Alaska's lands and off-shore areas to ascertain the mineral wealth 
of Alaska. Such a program would identify and delineate potential
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mineral resources now unknown or only speculated, which would permit 
more systematic and efficient statewide land and transportation plan
ning and management and encourage private industry to optimize 
exploration investment by concentrating on potentially lucrative 
targets. Federal and state agencies presently have the responsibility 
and capability for doing this, but a higher level of effort is needed 
to intensify the scale and rate of exploration.

2. A reassessment at the federal level is needed of the nation's 
dependence on foreign sources of strategic and other minerals. The 
intensified mineral assessment program would provide a basis for 
determining the contribution Alaska could make toward reducing this 
dependence, and for the promulgation of federal policy measures which 
would attract rather than deter the private sector in mineralized 
federal land areas.

3* A more favorable attitude of the state government toward the 
mineral industry is needed. This could be articulated by policy 
actions and statements addressing the long-run development of the 
state economy, re-establishment of a stable and reasonable tax 
environment, and affirmation of existing agencies and legislation 
designed to support resource, including mineral, development. The 
mineral assessment program would provide a basis for determining the 
level of capital funding which could be devoted to such state 
endeavors as extending transportation links, development of hydro
electric and thermal power sources, and other infrastructure support 
which could be repaid at a fair rate of return on capital or in other 
economic or social benefits. Knowledge of the magnitude of Alaska's 
mineral resources will enable the state government and industry to 
assess the potential for in-state processing of metallic minerals, 
which would increase the value of the resources and open a wider range 
of markets.

1*. Active pursuit by both federal and state government for 
foreign markets for resources not needed by the domestic economy. 
Again, the mineral assessment program would indicate the magnitude of 
Alaska's mineral resources potential available for export, the 
magnitude of foreign exchange this export would generate, and the 
level of foreign investment which could be attracted.

5* Improvement of coordination and communication among state 
administrative agencies, between executive and legislative branches, 
between state and federal agencies having management and regulatory 
responsibilities in Alaska, between the state and the industry, and 
between government agencies and the public. This is essential to a 
socially acceptable balance of the surface and subsurface uses of 
land, the development of mines and supporting infrastructure with a
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minimum of environmental impact, and the public acceptance of the 
mineral industry as a potentially important contributor to a 
diversified state economy for the long-term well-being of the people 
of Alaska and the nation.

These measures are not cited as panaceas - they will require long 
periods of time to implement, and yet more time will elapse before 
results are visible. Alaskan mineral development will continue to be 

subject to the economics of supply and demand in a basically free- 
enterprise system, and this study has attempted to indicate how 

Alaskan minerals can be more competitive in that system.
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APPENDIX: POTENTIAL MINERAL DEVELOPMENT AND
SUPPORTING TRANSPORTATION SYSTEMS IN NORTHERN ALASKA

The most highly mineralized areas north of the Alaska mining 

frontier are the Seward Peninsula and the Brooks Range. The more 
prominent among the numerous minerals known there include barite, 
beryllium, chromium, cobalt, copper, fluorite, gold, lead, 
molybdenum, silver, tin, tungsten, uranium and zinc (Hawley, 19TT)« 
Gold has been mined in these regions since 1898, and considerable tin 
and some silver and lead have been produced.

On the Seward Peninsula, transportation to serve mining districts 

inland was provided by privately built railroads in the early 1900s, 
supplemented and later replaced by roads built with both private and 
government funds. In the Brooks Range region, water and winter 

trails, later supplemented by air transportation, served the mining 
districts. The only access road is the Dalton Highway from Fairbanks 
to Prudhoe Bay, which provides access to the Wiseman and Chandalar 

gold districts.
Potential Mineral Developments

Deposits of hard-rock minerals which detailed exploration has 
indicated are of sufficient size and grade to warrant consideration 

for development include the Lost River tin-fluorite deposit southeast 

of Cape Prince of Wales in the Seward Peninsula; the Lik and Red Dog 
lead-zinc deposits in the western Brooks Range; and the Bornite. 
Smucker, Arctic and Picnic Creek copper-zinc deposits in the south 
flank of the Brooks Range (Table 11). Attempts have been made to
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Table 11

Potential Mineral Developments in Northern Alaska
Deposit

1. Lost River

2. Red Dog

Lik

L. Smucker

Picnic Creek 
(Sun)

6. Arctic

Bornite

Minerals

Fluorite 16.1$ 
Tin 0.151$ 
Tungsten 0.30$ 
BerryIlium n/a

Zinc IT•1$
Lead 3*1$
Silver 2.1+ oz/t

Zinc 9$
Lead 3.1$
Silver l.U oz/t
Copper n/a 
Lead 1.5$
Zinc 5-10$
Silver 3-10 oz/t
Copper n/a 
Lead n/a 
Zinc n/a 
Silver n/a
Copper U$
Zinc 5*5$
Lead 0.8$
Silver 1.6 oz/t 
Gold 0.02 oz/t
Copper 2-12$ 
Zinc n/a 
Cobalt n/a

Quantity of Ore 
(10 tons)

38

85

2b

"Significant"

"Gross Metal Value 
Over $1 billion"

35-^0

2k

Notes: 1 st = 0.908 t (metric)
n/a - data not available

Source: Eakins, G.R., et al., 1985* Alaska's Mineral Industry, 1981+.
Louis Berger & Associates, 1980, Western and Arctic Alaska 

Transportation Study.
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develop the Lost River and Bornite deposits, but neither was put into 
production. Development of the Red Dog deposit is underway, and 

production is expected to start in the late 1980s.
In the past, mineral developments north of the Yukon River have 

been confined'to placer and small lode mines, producing high-value 
minerals in relatively small volumes. Such mines generate low annual 
transportation tonnages in and out, and can justify higher unit 
transportation costs than could large mines of the type which would be 

used for the base-metal deposits listed in the preceding paragraph.
The relationship between unit values of ore, production costs and 

annual transportation tonnages for typical mines is shown in Table 12. 
The first three mine types represent small-scale operations, mining 

900 t (1000 st) or less of ore per day. While the lode gold model 
(No. l) shows a rather low ore value/production cost ratio, such a 

mine would be profitable because of its low capital cost and low 
annual transportation tonnages. Number 2 should be the most 

profitable of all the mines listed based on its high value/cost ratio, 

relatively low capital costs, and relatively low tonnages. In fact, 
this particular model is representative of the Greens Creek mine being 
developed in Southeastern Alaska. The uranium model (No. 3) appears 
profitable, but very likely it could not compete with the large 

uranium production in northern Saskatchewan, Canada.

The last three mine types are representative of the scale of 
operations which would be appropriate for the deposits listed in Table
11. The high capital cost and low value/cost ration for the fluorite-
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Table 12
Economic Parameters of Typical Hard-Rock Mines

Mine Type

Lode gold 
(underground)
High-grade
polymetal
(underground)
Uranium
(surface)

Mining 
Rate 

(10  ̂stpy)
66

192

330

Capital
Investment

($106 )

11

38

89

**13

315

329

Gross Ore 
Value 
($/st)
155

21*5

113

1*3

105

131

Production 
Cost 

($/st ore)
122

125

63

33

67

67

Investment 
Ann. Ton 

($)
170

113

1*66

298

135

i l l*

Gross Value 
Prod. Cost

1.27

1.96 

1-79 

1.30 

1-57

1.96

1*. Fluor ite-t in 1,1*00
(open pit)

5 . Lead-Zinc 2,1*00
(open pit)

6. Copper-Zinc 2,880
(open pit)

Note: 1 st - 0.907 t (metric)
Sources: Whitney & Whitney, Inc., 1980, Economic Parameters of Possible Mineral Developments in Western

• and Arctic Alaska.
Alaska Miners Association, 1980, Future Mineral Freight Estimates, Interior Alaska.

Annual 
Traffic 
(10^ stpy)

1*

38

13

265

530

875

COroCD
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tin model (No. U) indicate that this mine would be the least 
profitable of all the models listed. It is representative of the Lost 

River mine, which never was completed. Models 5 and 6 appear 

favorable by virtue of their relatively high value/cost ratios and low 
capital cost per ton mined. The lead-zinc mine model is 
representative of a mine in the Lik deposit, though the Red Dog mine 
now under development is of even higher grade and tonnage. The 
copper-zinc model would be appropriate for the Arctic deposit in the 
Kobuk region. These mines will generate large annual tonnages, 

however transportation costs per ton should be lower for the Red Dog 
mine than the Arctic because of the much shorter distance from 

tidewater.

Potential Transportation Development
A number of possible alternative transportation systems to serve 

the potential lead-zinc mines in the Noatak district in the western 
Brooks Range and copper-zinc mines in the Kobuk district (deposits 2

7, Table 10) were analyzed in the Western and Arctic Alaska 

Transportation Study (WAATS) prepared by Louis Berger and Associates 

(1980a) for the Alaska Department of Transportation and Public 
Facilities. The alignment of these systems, as selected by the 

consultants, is shown in Figure 20.
Three alternatives were considered for the Noatak district: 

highway, railroad and slurry pipeline. Salient features of these 
alternatives are given in Table 13« In the WAATS analysis, all costs 
would be borne by the developer, though each alternative would serve
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Figure 20. Mineral Deposits and Potential Transportation Routes in Northern Alaska 330
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all mines in the district.

Table 13

Transportation Alternatives for the Noatak District

Alternative Distance Capital Cost
(km) (miles) ($ 106)

Highway 177 110 112

Railroad 177 110 kih

Slurry Pipeline/ 105 65 19b
Service Road 

Port and Ship
Loading Facilities 31
Note: Port and shiploading facilities are common to all alternatives.
Source: Louis Berger & Associates, 1980, Western and Arctic Alaska

Transoortation Study.

The alignment selected for the highway and railroad was derived 
from the route proposed by GCO Metals Corporation, owners of the Lik 
deposit. This route, although larger than Cominco's route for the Red 

Dog mine, was chosen because it avoids the Cape Kruzenstern National 

Monument, and terminates at a favorable port site near Cape Thompson. 

This was the site considered in the Chariot project to create a harbor 

by nuclear blast excavation, and considerable environmental and 

hydrographic data were available for evaluation of a port site. A 
more direct route was selected for the slurry pipeline alternative to 

minimize capital and operating costs.

The highway system would use conventional heavy-duty truck
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tractors pulling tandem trailers with a total capacity of 73 t (80 st) 
of concentrates. The concentrate loads would be carried in container 
bowls which could be off-lifted by crane for unloading at the port. 

Tanks would be carried on the trailers for back-hauling of fuel.
The buried slurry pipeline concept was based on current state-of- 

the-art in the hydraulic transport of solids, which include 
operational coal, tailings and mineral concentrate pipelines. Two 
slurry pipelines have been built and operated in arctic and sunarctic 
conditions, a short tailings pipeline in northern Ontario, Canada, and 

a 32-krn (20-mile) concentrate pipeline feeding a smelter at Noril'sk 
in Northern Siberia. The latter line uses slurry pumps supplied by a 
West German firm. The WAATS concept was a 203-mm (8-inch) pipeline 

using production Mitsubishi* Mars Model H225 slurry pumps capable of 
discharging 3600 liters per min. (793 gal. per min.). These pumps 
have been used successfully at a number of locations world-wide. A 
slurry system requires about one ton of water for each ton of 
concentrates transported, and the availability of water in the 
vicinity of the mines is limited. Therefore, the WAATS concept used a 
sea water feed line emplaced with the slurry line. A low-cost service 
road for transporting supplies to the mines, which could be restricted 

to winter use to economize on subgrade and bridge construction, was 

included in the slurry pipeline system.
* Reference to proprietary products and brand names in the WAATS 
analysis was for description and cost-estimating purposes and did not 
constitute endorsement by the consultants.
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The WATTS consultants initially considered that a railroad would 
not be cost-effective for the short hail distance in the Noatak 

district. A requirement to include a railroad alternative came late 
in the study period, precluding a detailed design study for an optimum 
rail system. As an expedient, parameters for the standard-gauge 
railroad systems developed for the Ambler district were used, which 
resulted in somewhat higher capital and operating costs than would 
have been obtained were a modern narrow-gauge system considered.

The ship loading system for all three transportation alternatives 

was based on the Dynajet unit produced by Marconaflo, Inc. for high 

density slurry recovery from large stockpiles of granular solids. The 
slurried material is transmitted by submarine pipeline to a currently- 
available Imodco single-point floating mooring terminal anchored 3000 
m (10,000 ft) from shore, where it is dewatered and discharged into 
the ore ship's hold. The system is capable of handling stockpiled 
material that has been frozen, as well as dry concentrates, with the 
high-pressure jets of the the Dynajet unit. The ship loading system 
would be operated during the U-month navigation season, and the 

mooring buoy would be stored on-shore during winter. Provision for 
storing concentrates produced during winter, and a barge dock for off

loading fuel and supplies were included in the port complex.

The analysis of the three alternatives was based on the present , 
value costs of each system, including the port and ship loading 

facilities common to all three, over a 20-year life at an interest 

rate of 10 percent. Unit transportation costs per ton for each
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alternative at various annual mine production rates are shown in Table 
Ik.

Table lU

■ 33*+

Unit Transportation Costs, Noatak 
($ per st)

Districts

Alternative
Mode 250

Throughput
500

(103 st per yrb) 
1000 1500

Railroad $ 239 $ 122 $ 63 $ L6

Highway 12h 75 50 1+5
Slurry pipeline 131 70 Lo 32

Notes: a Unit cost includes return on capital investment
b st = 0.90T t (metric)

Source: Louis Berger & Associates, 1980, Western and Arctic Alaska
Transportation Study, Summary Report.

Under the parameters of the WAATS analysis, the highway system 
was the most cost-effective at the lower production levels, with the 
break-even point between trucks and the slurry pipeline slightly below 

1+5^,000 tpy (500,000 stpy). The break-even between trucks and the 
railroad was more than 1 ,360,000 tpy (1 ,500,000 stpy), although as 
indicated above, this point might be lowered with a more efficient 
narrow gauge railroad.

The slurry pipeline was considered by the WAATS consultants to 
have the least environmental impact of the three alternatives. Even 
this could be improved by incorporating a petroleum products pipeline 
in the system, leaving dry supplies to be transported by a properly
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prepared winter road, with on-demand and emergency supplies delivered 
by air. The slurry system, on the other hand, is considered the least 
certain technologically in the northern environment, and the 
consultants recommended a research program to identify technical 
problems likely to be encountered in the construction and operation of 
a slurry pipeline in the North.

The NANA Regional Corporation obtained selection rights to the 
Red Dog deposits upon passage of the Alaska National Interest Lands 
Act of I98O (ANILCA), and entered into a partnership with Cominco 
Alaska, Inc. to develop the project. The mine will be an open-pit 
operation, producing 1+3^,500 tpy (L79>000 stpy) of concentrates 
initially and increasing to 685,000 tpy (75*+,000 stpy) after 5 years 
(U.S. Environmental Protection Agency, 1981+, p. iii-iv).

Cominco elected to use a road transportation link, choosing a 92

km (57-mile) route through the Cape Kruzenstern National Monument to a 
port site southeast of Kivalina. The initial port plan comprised a 

shallow water (3m; 10 ft.) barge dock and a deep water (10m; 35 ft.) 
dock consisting of grounded 226,750 t (250,000 st) tanker about 1100 m 

(3,600 ft) from shore. Two U,535 t (5000 st) lighters would convey 
concentrates to the tanker dock for transfer to ore ships moored 

alongside (Ibid., p. iv-v). Capital investment for the project are 

estimated at about $ll+0 million ($80-90 million for the road and $50
60 million for the port) (Office of Mineral Development, I98U, p. II- 

6). Capital investment for the WAATS road and port totalled $lU3 

million (Table 13).
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The EIS for the Red Dog project assessed the route through the 

National Monument as preferable to the longer northern route from an 

environmental standpoint, and eliminated the following options:
(1) Slurry pipeline. Reasons:

- Cold weather slurry lines not yet feasible
- High spill hazard
- Slurry water disposal problems
- Waste heat from power generation could not used 
to dry concentrates

(2) Hovercraft. Reasons:
- Units large enough to haul concentrates 

efficiently not yet available
- Excessive fuel consumption
- Noise levels reach 105 db
- Substantial disturbance to wildlife

(3) Winter road. Reasons:
- Unpredictability of snow availability
- Annual construction of ice/snow bridges at river 
crossings pose erosion problems

- Greater spill hazards at river crossings
- Increased disturbance to wintering caribou
- Less flexibility for other regional uses

The railroad option was considered to have a lower level of 
potential impact, and the right-of-way corridor for the road is to be 
laid out to meet railroad gradient and curve limitations to keep this 
option open (U.S. EPA, I98U, App 6, p. 10-11).

A road system is the logical choice for the initial production of 
the Noatak district from a practical and economic standpoint. The 
sophisticated and more capital-intensive slurry pipeline and ship 
loading system would be cost-effective for higher tonnages, but it 
lacks the flexibility of the road and conventional port. The latter 
would still be required, albeit at lower capacity levels, for inbound 
supplies to supplement a slurry system. It is doubtful that a
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railroad from the Noatak district to the Chukchi coast would he cost- 
effective unless very large annual tonnages are generated, which could 
occur if other deposits of the size and grade of Red Dog are 
discovered.

Mines in the Ambler district will require a transportation system 
of much greater capacity and length than the Noatak district. 
Alternative modes for this district analyzed in WAATS are rail, 
highway, tug-barge and slurry pipeline. Three possible tidewater 
destination areas for shipment of concentrates from the district were 

considered: the existing ports of Anchorage, Whittier and Seward on

the Gulf of Alaska which are served by the Alaska Railroad, Nome and 
Golovnin Bay on Seward Peninsula, and a potential port site near Cape 
Kruzenstern on the Chukchi Sea coast.

Four possible rail routes were assessed. The alignment of a rail 
link to the Alaska Railroad at Nenana recommended in the Alaska 
Transportation Corridor Study (Tudor-Kelly-Shannon, 1972) was selected 
for the eastern alternative. Routes to the Seward Peninsula and Cape 

Kruzenstern were determined by the WAATS consultant from map studies. 

For the western port sites, a slurry handling system such as that 

considered for the Noatak district were proposed.
The highway alternatives to the western port sites used the same 

alignment as the rail alternatives for the most part. The road route 

to Nome joined the existing road system on the Seward Peninsula, 

therefore the mileage of new construction required was somewhat less 

than the rail route to that destination. The eastward road route was
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that recommended by the Tudor-Kelly-Shannon study referred to above, 
joining the Alyeska pipeline road (later known as the Dalton Highway) 

north of the Yukon River. The ship loading system for the highway 
alternative was the same as for the railroads at the western port 
sites.

The tug-barge alternative would use a short feeder road from the 
mining district to a barge landing on the Kobuk River, from which the 
concentrates would move by barge down the Kobuk River to Kotzebue 
Sound and on to a marine transfer point. The WAATS consultants used 

the Cape Kruzenstern ship mooring facility for cost estimating 
purposes, but recommended that other sites be considered in a detailed 
feasibility study.

The slurry pipeline alternative used the shortest route, that to 
Cape Kruzenstern. This would be a much longer line than the one 
designed for the Noatak district, and time constraints precluded an 
optimum design for the Ambler district pipeline. A more detailed and 
thorough study should be undertaken to determine the feasibility of an 
arctic slurry pipeline system of this magnitude. Capital cost 

estimates for the rail, highway and barge alternatives are presented in 

Table 13, omitting the slurry pipeline alternative.
In assessing unit transportation costs, an ocean shipping penalty 

for the extra shipping distance to U.S. ports, and interest costs for 
maintaining a stockpile of concentrates during the winter months were 

added to the operating costs for the alternatives terminating on the 
western coast of Alaska. A maximum of $30 per ton was used in the
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Table 15
Ambler District Transportation Alternatives

Mode Destination Route
(km)

Distancea
(miles)

Capital Cost 
($106)

Rail Nenana 668 kl5 1,117
Cape Kruzenstern Ui+8 278 937
Golovnin Bay 705 b38 1,517
Nome 771 k79 1,828

Highway Dalton Highway 327 203 2 1k
Cape Kruzenstern kk8 278 298
Golvnin Bay 68k 1+25 U30
Nome 660 UlO Ull

Barge
Feeder rd. Kobuk River 56 35 150
and port
Barge Fleet - 716

Port Anchorage _ _
_b

Cape Kruzenstern - - 101
Golovnin Bay - - 72
Cape Nome - - 68

Notes: a- Distance shown is new construction only.

^ Included in operating cost.
Source: Louis Berger & Associates, 1980, Western and Arctic Alaska

Transportation Study.

analysis, which admittedly could be high, especially for shipments to 

the Orient. For comparison purposes, transport costs per ton for the 
Anchorage and the Cape Kruzenstern alternatives, which had the lowest 

capital costs for the rail and highway modes, were calculated for 

three different levels of mine production (Table 16). As in the
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Table l6
Transport Costs per Tona 

($)
Throughput Rail

(103 st per yr)b Kruzenstern Anchorage^
Highway 

Kruzenstern Anchoraged
500

1,500

3,500

285
122

83

3^2

125
63

195
127
117

180

137
121

Notes: a Includes return on investment
b 1 st = 0.907 t (metric) 
c Via the Alaska Railroad
^ Via the Dalton Highway and the Alaska Railroad

Source: Louis Berger & Associates, 1980, Western and Arctic Alaska
Transportation Study.

Barge
Kruzenstern

1U9
121

112

Noatak district analysis, the developer was assumed to pay all 

transportation costs.
Other studies which have made detailed analyses of transportation 

systems for the Ambler mining district include the Tudor-Kelly-Shannon 
(1970) study referred to above, and a proprietary study made for the 
Bear Creek Mining Co. by Parker and Associates in 1983 (cited in 

Office of Mineral Development, I981*, P* III-5l)« The Tudor-Kelly- 
Shannon consultants made a detailed engineering feasibility study of 
rail routes from the Alaska Railroad at Nenana to Prudhoe Bay and to 
Kobuk, as well as a highway from the Alyeska Pipeline Road (Dalton 
Highway) to Kobuk. The Parker study considered four alternative rail 
and road routes, three common routes to Cape Kruzenstern, Cape Darby 
on Golovnin Bay, and Cape Nome, respectively (essentially the same

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



destinations as in the WAATS study), a road to the Dalton Highway and 
a rail line to Nenana. A comparison of capital costs presented in 

these studies with those of the WAATS is shown in Table 17-

Table 17
Capital Cost Estimates for Roads and Railroads to Kobuk

($106)

Mode Origin T-K-S-a WAATSb Parker'

Rail Nenana 897 1,117 669
Kruzenstern - 937 368
Golovnin Bay - 1,517 518
Nome - 1,589 65U

Road Dalton Hwy 186 2lU 227
Kruzenstern - 298 261
Golovnin Bay - U30 360
Nome - Ull 365

Sources: a Tudor-Kelly-Shannon, 1970, Alaska Transportation Corridor
Study

b Louis Berger & Associates, 1981, Western and Arctic 
Alaska Transportation Study, Phase III.

c Parker and Associates, 1983, An_ Analysis of the 
Transportation of Ore and Concentrates from the Ambler 
Mining District to Ports in North America and Japan.
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The WAATS and the Tudor-Kelly-Shannon capital cost estimates are 

in reasonable agreement, considering the impact of inflation in the 
decade between the two studies. Railroad construction costs typically 

are higher than for a gravel-surfaced highway, because the earthwork 
and ballast requirements for railroad graders and curves are generally 
greater than for a highway across the same terrain. There is a 

notable difference between the WAATS and the Parker estimates for 
railroad consideration. The Parker estimates were based on a less 

costly but more time consuming construction program. In the Parker 
study, construction of a railroad to Nenana would take five years to 
complete, where as the Tudor-Kelly-Shannon and the WAATS estimates 
were based on a three-year period. Also the Parker estimates included 
significantly lower contingency, engineering and overhead costs (15 
percent of construction costs) than WAATS (3*+ percent). The Parker 
report also indicated that the necessity for storing concentrates at 
the western port during the closed navigation season do not affect the 
ranking of the four port alternatives significantly (Office of Mineral 

Development, 198U, p. 111-53 $ 5M •
The Parker study concluded that the least expensive route from 

the Ambler district is to Cape Kruzenstern, irrespective of mode, for 

traffic up to 0.9 million t (l million st) per year, and that shipment 
to Southcentral Alaska via the Alaska Railroad is the most expensive 
for any tonnage level (up to 1 million st) or amortization schedule. 

The report recommended the creation of a Transportation Authority for 

Northwest Alaska to acquire a right-of-way to the Ambler district and
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arrange financing for a rail link \Ibid., p. 111-5  ̂& 55)*
Both the WAATS and the Parker studies indicated that a railroad 

is the preferred mode for transportation of large tonnages from the 

Ambler district, but they disagree as to which route is the most cost- 
effective. Both studies indicate that the development of even a large 
mine in the Ambler region would not be economically viable if the 
developer must bear the cost of a railroad. The Parker study 
recommended a Transportation Authority to finance a railroad, however, 
WAATS did not make a specific recommendation.

A number of smaller potential mine sites north of the Yukon have 
been considered in regional transportation studies by the Alaska 

DOTPF. Most of these would require spur roads less than 80 km (50 

miles in length (See Fig. 20). Details of grades and tonnages have 
not been released in most cases, therefore it cannot be ascertained 

whether or not these deposits could be mined economically even if the 
road access were available.

3^3
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Ŝ mrne, A., 1968, A Geography of Norden Denmark, Finland, Iceland, 
Norway, Sweden (revised 1968), Heinemann, London.

Sommers, L.M., and Gade, 0, 1971, The spatial impact of government 
decisions on postwar economic change in North Norway: Annals of 
the Association of American Geographers, v. 6l, no. 3, (Sept.), p. 
522-536.

Sousa, L.J., 1981, The U.S. copper industry: problems, issues and
outlook: Bureau of Mines, U.S. Dept, of the Interior, Washington,
D.C., Oct. 1981.

SRI International, 1978, Impact of the withdrawal of Alaskan federal 
lands, Stanford, CA.

Stephan, J.J., 1975, Russia in the Pacific: Oceans, Sept.1975, P* 60
65.

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



362

Stewart, J.M., 1985, Environmental Problems in Siberia, lecture 
presented at the University of Alaska, Fairbanks, December 10, 
1985.

Strishkov, V.V., 1980, Soviet Union: Mining Annual Review, published
annually by Mining Journal, London, England, p. 579-605*

Strobridge, T.R., 1966, Strength in the north: the Alaskan Command 
19U7-1967, Elmendorf Air Force Base, Alaska.

Sugden, D., 1982, Arctic and Antarctic: a modern geographical 
synthesis, Basil Blackford, London.

Sutulov, A., 1973, Mineral resources and the economy of the USSR: 
Engineering and Mining Journal, New York.

Taaffe, R.N., I98U, The conceptual, analytical and planning framework 
of Siberian development, in_Demko, G.J. and Fuchs, R.J., eds., 
Geographical Studies on the Soviet Union. Essays in honor of .
Chancey D. Harris, Dept, of Geography, University of Chicago 
Research Paper No. 211.

Tanzer, M., 1980, The Race for Resources continuing struggle over 
mineral and fuels, Monthly Review Press, New York and London.

Thrush, P.W., 1980, Strategic minerals, in Fischman, L.L., World
Mineral Trends and U.S. Supply Problems, Resources for the Future, 
Inc., John Hopkins University Press, Baltimore, MD.

Tilton, J.E., 1977, The future of nonfuel minerals, The Brookings 
Institution, Washington, D.C.

Tompkins, S.R., 19^5j Alaska: Proiqyshlenik and Sourdough, University 
of Oklahoma Press, Norman, Oklahoma.

Transportation Consultants, Inc., and Wilbur Smith and Associates, 
1965, Alaska Highway Study, prepared for the U.S. Dept, of 
Commerce, Bureau of Public Roads.

Travel Arctic, 1985* Northwest Territories Highway System,
Yellowknofe, N.W.T., Canada.

Tudor-Kelly-Shannon, 1972, Alaska Transportation Corridor Study
Executive Summary, conducted for the U.S. Dept, of Transportation 
and the State of Alaska.

Turkheim, 1975» Biophysical impacts of arctic hydroelectric develop
ments: Renewable Resources Studies, v. 5» Inuit Tapirisat of 
Canada.

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Turner, F.J., 1961, Frontier and section: selected essays of Frederick 
Jackson Turner, Prentice Hall Inc., Englewood Cliffs, NJ.

U.S. Bureau of Land Management, 1974, Multimodal transportation and 
utility corridor systems in Alaska a preliminary, conceptual 
analysis, U.S. Department of Interior, Washington, D.C.

U.S. Bureau of Mines, 1985, Mineral Commodity Summaries, U.S. 
Government Printing Office, Washington, D.C.

U.S. Congress, 1908, Railroads in Alaska, letter from Secretary of the 
Interior, Nov. 25, 1908: H.R. Document No. 1201, 60th Congress, 2d 
session.

U.S. Environmental Protection Agency, 1984, Final Environmental Impact 
Statement: Red Dog Mine Project, Sept. 6, 1984.

U.S. General Accounting Office (GAO), 1981, Depays in Disposing of 
Former Communication Sites in Alaska, Report to the Secretary of 
the Air Force, Washington, D.C., May 28, 1981.

U.S. Senate Committee on Public Works, 1959, Highways in Alaska,
memorandum of the Chairman to members of the Committee on Public 
Works, U.S. Government Printing Office, Washington, D.C., Dec. 4, 
1959-

U.S. Senate, 1900, Narratives of Explorations in Alaska, Senate 
Committee on Military Affairs, Government Printing Office, 
Washington, D.C.

U.S. Congress, 1982, House of Representatives Hearing on HR 4281,
Critical Materials Act of 1981, before the Seapower and Strategic 
Critical Materials Subcommittee of the Committee on Armed Services 
H.R. 97th Congress, 20 session, Sept. 13, 1982, p. 39*

Van der Leeden, F.-, ed., 1975, Water resources of the world: selected 
statistics, Water Information Center, Inc., Port Washington, N.Y.

Van Diepen, P., 1975, Impact of mining on the arctic biological and 
physical environment: Renewable Resources Project V. 7, Inuit 
Tapiricat of Canada.

Verndasky, G.V., 1969, A History of Russia, 6th rev. ed., Yale 
University Press, New Haven, CT.

Wallace, I., 1977, The transportation impact of the Canadian mining 
industry, Centre for Resource Studies, Queen's University, 
Kingston, Ontario.

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



36k

Wallace, I., 1982, The Canadian Shield: the development of a resource 
frontier, in McCann, L.D., ed. Heartland and Hinterland a 
Geography of Canada, Prentice-Hall Canada, Ltd., Scarborough, 
Ontario, p. 373-1+09*

Warkentin, J., 1968, Canada, a geographical interpretation, prepared 
under the auspices of the Canadian Association of Geographers, 
Methuen Publ., Toronto.

Water Resources Branch, 1958, Water Powers of Canada, Dept, of 
Northern Affairs and National Resources, Ottawa, Ontario.

Weeden, R.B., 1978, Alaska: Promises to Keep, Houghton Mifflin Co., 
Boston, MA»

Weeden, R.B., 198U, Environmental issues, jin Morehouse, Y.A., ed., 
Alaskan Resources Development, Westview Press, Inc., Boulder, CO, 
p. 135-168.

Weitzman, M.L., 1983, Industrial production, _in Bergson, A. and 
Levine, H.S., The Soviet Econon^: toward the year 2000, George 
Allen and Unwin, Boston, p. 178-190.

Weller, G.R., 1983, Provincial ministries of northern affairs: a 
comparative analysis, in_ Resources and Dynamics of the Boreal 
Zone: Proceedings of a conference held at Thunder Bay, Ontario, 
Aug. 1982, Association of Canadian Universities for Northern 
Studies, Ottawa, p. 1+81-1+97*

Wells, R.R., and Thorne, R.L., 1953, Concentration of Klukwan, Alaska, 
Magnetite Ores: U.S. Bureau of Mines, Report of Investigations
W .

Western Miner, published monthly by Western Miner Press Ltd., 
Vancouver, B.C.

Whitney, J.W., 1980, Copper, jin Beigie, C.E. and Hero, A.O., Jr.,
Natural Resources in U.S.-Canadian Relations Vol. 00, p. 165-318, 
Westview Press, Boulder, Co.

Whitney and Whitney, Inc., 1980, Economic parameters of possible
mineral developments in western and arctic Alaska..Reno, Nevada.

Whiting, E.B., 1933, Grit, Frief, and Gold, Peacock Publ. Co.,
Seattle, WA»

Wilson, W.H., 1977> Railroad in the Clouds: the Alaska Railroad in the 
Age of Steam, Pruett Publ. Co. '

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



365

Wiinmler, N.L., 1927, Placer Mining Methods and Costs in Alaska, 
Government Printing Office, Washington, D.C.

Wolfe, J.A., I98H, Mineral Resources: a world review, Chapman and 
Hall, New York and London.

Wilff, E.N., Johansen, N.I., Lambert, C., Jr., Rhoads, E.M., and
Solie, R.J., Optimum transportation systems to serve the mineral 
industry north of the Yukon Basin in Alaska: MIRL Report No. 29, 
Sept. 1973, Mineral Industry Research Laboratory, University of 
Alaska, Fairbanks, AK.

Wonders, W.C., 1968. The forest frontier and subarctic, jin Warkentin, 
J., ed., Canada, a Geographical Interpretation, Methuen Publ., 
Toronto.

Wonders, W.C., 1970. Community and regional development in the north: 
Arctic, v. 33, no. k, (Dec.), p. 281-28U.

Wright, C.W., 1907, Lode mining in southeastern Alaska, iri U.S. Geol. 
Surv. Bull. 31*+, p. 1*7-72.

Woorinen, J.H., 1965, A History of Finland, published for the
Ainerican-Scandinavian Foundation, Columbia University Press, New 
York.

Ziernke, E.F., 1959, The German Northern Theater of Operations 19LO- 
191+5, Dept, of the Army Pamphlet No. 20-271, Office of the Chief 
of Military History, Dept, of the Amy, Washington, D.C.

Zonenshain, L.P., 191k, Mesozoic structural-magnetic pattern and
metallogeny of the Western Pacific belt: Earth Planetary Science 
Letters, v. 22, p. 96-109*

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.


