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The various: elements of physical geography are commonly 

entertained as f:,c:iors retarding the mineral industries of Alaska. It 

has been shown by numerous writers that the mineral industries of 

Alaska are, indeed, in a difficult situation. Only the petroleum in- 

dustry and sand and gravel for construction are of much significance 

to the Alaskan economy. 

Alaska's location makes it difficult to use domestic markets 

and turns the attention of all the resource -based primary industry 

toward the Orient. Though close to Europe, Alaskan trade across 

the Arctic Ocean yet awaits future transportation developments. The 

strategic position of Alaska has very significantly affected Alaska's 

primary industries by imposing stifling inflation on the state through 

emergency military activity little concerned with economics. State- 

hood and increased concern with the economy of Alaska by the 
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Federal government promises to improve Alaska's locational prob- 

lems. 

Alaska's size to some extent limits accessibility to the interi- 

or, but it also provides Alaska with a high mineral resource potential 

of great diversity and a very diverse landscape. The diversity of the 

land is a retardant to the extent that complexity of environment is a 

characteristic of Alaskan operations requiring a wide range of field 

experience and field equipment. Experience in all Alaskan terrain 

is quite rare. 

The topography of Alaska limits the development of new trans - 

portational routes to the interior from the south coast. It does not 

appreciably affect operational costs on existing roads and rails. Low 

terrain subject to frost action is a greater operational problem. As 

an underdeveloped land, Alaska is not unusually disadvantaged by 

topography; it does, in fact, have some advantages. A great hydro- 

electric potential exists in Alaska, but there is little chance that it 

will be of any great value to the mineral industries at this stage. 

Alaska has many diverse climates. South coastal Alaska has 

a climate similar enough to southern climates to be considered in- 

significant as a retardant to the mineral industries. In providing 

frozen coasts to western and northern Alaska, climate seriously re- 

tards development in these areas. Permafrost is a climatic resultant 

offering some considerable but yet largely undetermined effect on the 



mineral industries. The colder parts of Alaska have their biggest ef- 

fect on the mineral industries in being different and, consequently, 

foreign and discouraging to southern people. The inherent disadvan- 

tage of cold is still largely obscured by blundering and inefficiency. 

Alaska has a considerable and diverse mineral resource that 

can, at this time, only be inferred. The unknown of Alaskan geology 

is its most striking feature. Exploration in all aspects is seriously 

discouraged by the economy and the obscuration of bed rock. Geo- 

physical and geochemical prospecting has met with little success. 

It is felt that the lack of knowledge of and experience with the 

land is the biggest retardant to Alaska's mineral industries. The 

land is not inherently hostile, but rather it is different from that 

familiar to most of the people on it. A two -pronged attack on ignor- 

ance of the land is suggested, one to disseminate present knowledge 

and the other to seek out the unknown. When Alaska acquires a people 

familiar with and fully oriented toward the land, the effect of the geo- 

graphic factors presently retarding the mineral industries will be 

greatly reduced. 



GEOGRAPHIC FACTORS AS RETARDANTS TO 
THE DEVELOPMENT OF ALASKA'S MINERAL INDUSTRIES 

by 

KARL EARVIL FRANCIS 

A THESIS 

submitted to 

OREGON STATE UNIVERSITY 

in partial fulfillment of 
the requirements for the 

degree of 

MASTER OF SCIENCE 

August 1964 



APPROVED: 

Professor of Natural Resources 

Charge of Major 

Chairman of Departmknt of Natural Résóurces 

Deed: of Gra`d áte School U 

kW( Date thesis is presented 

Typed by Barbara Glenn 

hi 

if 

Lyi/.! 



ACKNOWLEDGEMENTS 

I am indebted to the State of Alaska, especially the Department 

of Economic Development and the Department of Natural Resources, 

for most generous contributions of information and informational ma- 

terials. United States Senators from Alaska Ernest Gruening and 

E. L. (Bob) Bartlett also have my special thanks for their generous 

contributions of materials and kind words of encouragement. The 

Oregon State University Library staff deserves special mention for 

their most kind, helpful, and efficient attention to my many requests 

for assistance and advice. The considerable aid and advice of my 

faculty advisors, Professor Cyrus W. Field of the Department of Ge- 

ology and Professors J. Granville Jensen and Richard M. Highsmith, 

Jr. both of the Department of Natural Resources are gratefully ac- 

knowledged. To Professor Highsmith, on whose shoulders fell per- 

haps the bulk of responsibility for seeing that I turn out a respectable 

paper, I am especially indebted for the relatively free hand granted 

me in the preparation of the thesis. My wife, Mary, does not deserve 

my thanks so much as coauthorship for her many dreary hours of 

typing and proofreading and shoring up my resolve. Finally, since I 

have been obstinate on some points, I must claim the deficiencies of 

this paper for my own. 



PREFACE 

My professional experience in the north to this time, has been 

mainly limited to matters of glaciology, meterology, and atmospheric 

physics. Nevertheless, as a resident of Alaska, I have taken a citi- 

zen's interest in the matters of the economic development of the state. 

As a geologist, I developed an interest in the mineral industries. My 

past work has carried me into the field from the center of the Green- 

land Ice Cap to the top of the 14,000 foot volcano of Mt. Wrangle in 

the Wrangle Mountains of Alaska. I have had the good fortune to visit 

parts of Alaska from the Kenai Peninsula to the Arctic Ocean and to 

work in the field under conditions ranging from idyllic summer in the 

interior to a still and brilliant 70 degrees below zero to blinding 

blizzards in primitive camps on the Arctic Slope. I have traveled by 

bush plane, "chopper", dog sled, weasil, ski, and river boat over 

terrain certainly worthy of being termed exciting. Yet I wish to plead 

a profound ignorance of Alaska. I have never seen southeastern Alas- 

ka, western Alaska, or even very much of the rest of the huge state. 

My understanding of many of the matters covered in this paper are 

derived largely from the observations of others. In large part, this 

paper is based on a rather intensive library study of the works of 

people more familiar with Alaska than I. 
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GEOGRAPHIC FACTORS AS RETARDANTS TO 
THE DEVELOPMENT OF ALASKA'S MINERAL INDUSTRIES 

INTRODUCTION 

It is the purpose of this paper to review several selected geo- 

graphic factors in respect to their impact on the development of ,the 

mineral industries in Alaska. To begin with, it will be worthwhile to 

state specifically what is meant by the term geographic factor and to 

show the manner in which the selected factors have been derived to 

serve this analysis. Such a consideration of terminology should begin 

with a brief statement on the nature and content of geography. 1 

Geographic factors 

Geography may be thought of as the science treating the sub- 

ject of the earth's surface, especially the characteristics of the land- 

scape which serve to distinguish and differentiate places on that sur- 

face as they affect the activities of man. The elements of geography 

are those features of the landscape which vary from place to place 

and so form the basis for place differentiation. Such elements may 

be considered singly, as a mountain, or in basic groups, as topog- 

raphy. It is in the latter, general sense, that the term will be used 

1The methodology and content of geography is well described by 
numerous writers, the work of Hartshorn (17), Ackerman (1), and 
James (22) being particularly noteworthy. 
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here. Similarly we may speak of the climate, the natural vegetative 

patterns, the rock types, the soil patterns, the drainage systems and 

so on as elements of geography, in these cases physical geography. 

Land tenure patterns, governments, demography, living conditions, 

occupational patterns, and other characteristics of the human scene 

which vary from place to place are included among the elements of 

cultural or human geography. 

Certainly the geographer is not the only scientist interested in 

these elements. Indeed the total spectrum of geographic elements, 

since it includes the surface of the earth, includes also the subjects 

of most of the natural and social sciences. Geography is distinctive 

that it embraces all of the elements of the landscape and is partic- 

ularly concernedwith the variations of these elements from one place to 

another. The composite of these elements forms the reality of place, 

the specific subject of geography. 

It is well to realize that there is no true separation between 

the elements of geography as, indeed, there is no true separation be- 

tween any "parts" of reality. We speak of elements because we make 

use of such divisions of reality to help in the comprehension of the 

subject under study. The divisions are arbitrary, the boundaries are 

seldom clearly fixed, and often there are revisions as we find new 

divisions more convenient to a particular problem. In this study cer- 

tain elements of geography have been selected to be examined in 

ir, 
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respect to their influence on a particular activity of man, the mineral 

industries, on a particular portion of the earth's surface, the State of 

Alaska. The elements selected are neither exhaustive of the geo- 

graphic subject nor do they represent universally accepted units from 

a formalized division of that subject; rather, they have been selected 

arbitrarily by this writer as the elements commonly recognized as 

effective reactants in industrial development and especially noted in 

works treating the economic development potential of Alaska. As it 

happens, the selected items are all elements of physical geography. 

The elements of geography may be considered factors when 

they bear on a subject of analysis. For instance, if we were to ana- 

lyze an industrial locational pattern and find it to be a function of 

climate, then we might refer to climate as a factor in the industrial 

pattern Conversely, if we could not show the pattern to be a function 

of the climate, then we could not designate the element of climate as 

a factor in the case under consideration. Because the selection of 

the elements of geography for the present analysis is based on their 

common recognition as reactants in industrial development, they will 

be termed geographic factors. 

The factors to be considered in this analysis are indicated in 

the following outline: 

A. Location 

B. Size 

, 



C. Topography 

D. Climate 

E. Geology 

The previous statement that the elements of geography have 

no real separation but are complexly interrelated can be readily ap- 

preciated after a critical examination of the above factors. For ex- 

ample, the topography is a product of the climate and the geology. 

At the same time the climate is strongly affected by the topography 

and location, and location and size are barely separable in that loca- 

tion of boundaries fixes size. This absence of clear -cut separation 

of the factors is not a matter for concern if it is recognized that we 

are not dealing with absolutes. The division into elements or factors 

is empirical and pragmatic. The analysis is used to aid in the under- 

standing of the problem. If it serves the purpose of furthering that 

understanding, then it is good and useful. Whether or not it has ab- 

solute meaning is itself a meaningless consideration. 

Significance of the geographic factors 

In many papers dealing with the subject of Alaska's economic 

development it has been observed that Alaska is a different kind of 

place, the implication being that it is something of a geographic 

exotic. References are commonly made to the climate, the topog- 

raphy, the location and so on acting as very significant factors to 

4 



stifle the economic growth of the state, Yet, in general, the suppos- 

edly considerable effect of these factors is left to be self - evident. 

Unfortunately there has been little effort to evaluate critically the 

factors either quantitatively or comparatively. Largely this deficien- 

cy results from the inherent difficulty in quantifying such factors. 

For instance, who can say how much more or less favorable for oil 

field development work is the climate of the Kenai Peninsula com- 

pared to that of Bakersfield, California? We do know, however, how 

much it costs to operate at both sites. Consequently, the mineral 

economist or operations planner, working with known cost variations, 

can arrive at a reasonable estimate of the economic favorability of a 

particular operation, and he can state the comparison very concisely 

and usually quite accurately in dollars and cents. The value of such 

information is undeniable, and it is produced early in the considera- 

tion of a mineral property and constantly revised as new cost infor- 

mation is acquired. There is in such an evaluation, however, some 

deficiency to be expected in placing the cost exactly on the responsi- 

ble elemental factor. While we may know that it costs twice as much 

to deliver drilling mud to the drill platform on the Kenai Peninsula 

than to a platform at Bakersfield, we do not know precisely how much 

of that extra cost goes to holding back the climate or overcoming the 

distance or traversing rugged terrain or satisfying the desires of the 

Alaskan population. Because of the complex interrelationships of 

5 
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the basic geographic factors and the difficulty of pinpointing effects of 

any one factor, it is doubtful that any really effective quantification of 

them will ever be made. Nevertheless these factors, acting together, 

produce the effective geographic environment of terrestrial activity. 

They make up all of the aspects of place which are effective reactants 

in the things which occur at that place. Although opinions differ as 

to the degree of effect that place has on particular activities, few 

people deny that place is an important consideration in most earthly 

affairs. 

Evidence of the popular belief that place is a definite reactant 

in man's activities can be seen in the common practice of beginning a 

report on some specific subject such as economics, anthropology, 

ecology, history, settlement, geology, transportation, or the like 

with a section devoted to the geography of the area to be considered. 

For reports dealing with Alaska such introductory sections on the 

geography are seldom omitted (although the term geography may not 

be applied beyond the location). Nearly as common as the inclusion 

of the section on geography is the exclusion of a clear statement for 

its raison d'etre. Often such an explanation would be in good order, 

for the connection may be difficult to see between the subject of the 

report and such lifeless statements as: such and such a place has so 

many inches of snowfall in December or the native population speaks 

Apik or Mt. _ McKinley is 20, 320 feet high. In other words, although 



there is often at least a vague understanding that there is reason for 

describing the place where something happens before going into the 

something itself, there seems to be too little appreciation of the real 

significance of that place in regard to the action there. While it is 

implied by the inclusion of a section on geography that aspects of the 

place must be significant to the action, seldom is an effort made to 

relate the aspects to the action directly. 

In this paper the above -mentioned geographic factors will be 

examined closely in an effort to determine if they really are consider- 

able factors in the development of mineral industries in Alaska and 

also, if possible, to set some measure to whatever effect they may 

have. 

First, a brief review of the economy of Alaska with particular 

reference to the mineral industries will be given in order that the 

reader may see something of the situation that exists before looking 

for its causes. 

The mineral industries and economy of Alaska 

There are a number of excellent papers, reports, and books 

dealing with the present economy and mineral industries of Alaska. 

To provide an authoritative insight into that matter, several items 

particularly significant as general references will be briefly re- 

viewed below. 

7 
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H. F. Bain authored a Bureau of Mines information circular 

in 1946 in which he examined the mineral base for industrial develop- 

ment in Alaska. Mr. Bain suggested that Alaska has "considerable 

reserves of mineral resources of varied character, sufficient to form 

the basis for much more general industrialization than has yet taken 

place" (6, p. 82). However he suggests that such industrialization 

must be based on small, low -grade deposits, and he warns the plan- 

ners in Alaska not to depend on bonanzas such as those which gave 

Alaska the reputation for mineral wealth and then left the state no 

better for having had that wealth. He cites distance to markets as 

one of the major handicaps to mineral production; yet he notes that 

in this respect, Alaska is really no worse off than was Montana when 

the first work began at Butte, that ore having to be transported by ox 

cart, train and ship to Swansea, Wales! 

In 1960 R. G. Lynch presented an article in American Forests 

particularly interesting in its well- founded cynicism at a time when 

many were being sold the recurrent myth of fabulous wealth in the 

north. After surveying the Alaskan situation Mr. Lynch made what 

is perhaps the best -worded one - sentence evaluation of the Alaskan 

economic potential yet to appear in print: "The facts are that the new 

state is a vast reservoir of things that the nation may need some day 

but does not need now, and the frontier is an anachronism - -a pioneer 

economy, with high wages and a 40 -hour week, smothered by the 
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highly developed production of a mother country brought close by 

modern transportation" (29, p. 14). Mr. Lynch was one of the first 

to note that improved transportation is not an unmixed blessing for 

Alaska. He pointed out that high transportation costs had protected 

many Alaskan producers against outside competition for the Alaskan 

market, while lower transportation costs could never make them 

competitive for outside markets. 

The Battelle Memorial Institute prepared a report on trans - 

portational requirements for northwestern North America for the 

Congressionally -appointed Alaska International Rail and Highway 

Commission in 1961. Included in the report is an excellent and de- 

tailed inventory and evaluation of the resources of the region com- 

prising Alaska, Yukon Territory and parts of Northwest Territories, 

Alberta, and British Columbia. The conclusions drawn by Battelle 

for the economy of Alaska provide a clear, concise statement of the 

situation that is well worth quoting in entirety: 

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

It must be accepted that the economy of Alaska 
is largely based on the military activities found in 
the State and the 'supporting' industries which must 
be present to assist the military activity and the 
limited natural resource development of the State. 
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At the present time, the exploitation of the natural 
resources (minerals, forests, fish, game, and tillable 
land) is not a significant portion of the total economic 
activity of Alaska. The construction industry is im- 
portant to the economy, but it is closely allied with 
the military activities. 

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

Realistically, the cost of living is high in Alaska, 
making it necessary for new labor coming into the 
area to command a high wage figure in order to meet 
this cost of living. High wage scales, then, become 
a major factor in attempting to establish new industry 
in the State. Risk capital needed from outside the 
State is often difficult to obtain under these circum- 
stances (7, p. IV -14, IV -17). 

Battelle also concludes that, generally speaking, the mineral 

deposits of Alaska are not of sufficient grade or size to allow for 

commercial development today. They cite high costs for labor, 

equipment and supplies to be a considerable obstacle to mineral ex- 

ploitation. The only prospect they see for the immediate future 

would lie in the discovery of more favorable mineral deposits, the 

probability for which they hesitate to make predictions. 

The December 1961 issue of Mining Engineering is devoted to 

Alaskan mineral development. There are 14 articles on various sub- 

jects pertinent to the development of these resources, most of which 

are fairly straight- forward accounts of present operations or factual 
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descriptions of the Alaskan situation. There is an article of particu- 

lar interest by Alvin Kaufman of the Federal Bureau of Mines entitled 

"Economic Aspects of Alaskan Mining" in which some comparative 

cost figures for operations in the Alaska and the southern states are 

given. Mr. Kaufman concludes that "High costs, limited transporta- 

tion facilities, lack of skilled labor and limited local investment capi- 

tal plague the development of a mineral industry in Alaska" (24, p. 

1346). He goes on to note that these difficulties are common to many 

underdeveloped areas, but that in Alaska they are "compounded by 

climate, location, size and rugged topography. " He compares Alaska 

to Scandinavia and Canada to draw the conclusion that "Given a con- 

tinued high worldwide demand for raw material, there is little reason 

why Alaska should not be able to eventually equal the advances made 

in Canada and Scandinavia. The inevitable northward migration of 

people and industry will, in time, solve most of the problems pres- 

ently impeding Alaska development" (24, p. 1346). 

The Future of Alaska, Economic Consequences of Statehood 

by George W. Rogers (37) serves as an excellent review of the cur- 

rent Alaskan scene by a man very familiar with its complexity. Per- 

haps as a result of this familiarity Dr. Rogers sees fit to draw few 

general conclusions in his book. He does give the facts and he does 

show the problems, but unlike many other observers he neither 

writes the state off as a loss nor does he predict great prospects for 
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the future. Like many Alaskans today Dr. Rogers see the realities 

of the situation and proposes that the state has a tough job ahead, one 

demanding sensible planning for objectives in balance with the possi- 

bilities. He notes that the only real meaning of statehood is that the 

responsibility for carrying out that job now lies largely with the citi- 

zens of the state. His own love for the "Great Land" shows through 

the words of what is otherwise an objective and impartial report and 

lends it the vitality of hope and determination not seen in other re- 

ports, but so important to Alaska's future. 

The picture then seems to be fairly clear; granted a few dis- 

crepancies, the concensus of informed opinion seems to be that Alas- 

ka has considerable resources for the future but few reserves for the 

present. The economy, once based on a rudimentary and unstable 

resource exploitation industry, has since World War II been con- 

verted to a military- support industry base with considerable inflation. 

Most of the natural resource -based industries are either dead or 

dying. Among the hardest hit have been the metal -producing indus- 

tries. As of the end of 1963 the Bureau of Mines (50) reported only 

one underground mine in operation in Alaska, a small uranium mine 

shipping 5, 000 tons of ore from Prince of Wales Island; one platinum 

dredge; and some very reduced gold dredging. With the 1963 shut- 

downs future gold production is expected to be below $2 million in 

value or essentially negligible. The Red Devil mercury mine 
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suspended operations and the mine was allowed to flood in August of 

1963. Coal production was also down for that year. 

But the picture is not complete there, for we are dealing with 

a very dynamic situation. The present period is one of great change 

in the mineral industries of Alaska, and that change has come largely 

since 1960. Figure 1 shows the historical trends of Alaska's mineral 

industries for this century and the relative importance of the recent 

discovery and production of petroleum on the Kenai Peninsula. If the 

values for 1963 are examined, it can be seen that, except for sand 

and gravel and petroleum and natural gas, there has indeed been a 

decline in the production of all mineral commodities. The total pro- 

duction is hardly affected by this decline, however, as the great in- 

crease in sand and gravel, and the even greater increase in petrole- 

um production, shoves Alaska's mineral production off the scale with 

respect to pre -1960 figures. 

According to the Bureau of Mines (50) the sand and gravel in- 

crease comes from increased road construction by the Alaska De- 

partment of Highways and also better coverage of production figures. 

Petroleum production came entirely from the Kenai Peninsula, but 

exploration is active from the Arctic Slope to Cook Inlet where Shell 

last fall brought in Alaska's second oil field, a discovery testing 745 

barrels per day before being shut down for the winter. Most of the 

petroleum production has been in the form of crude oil from the 



65 

60 

55 

50 

14 

35 

0 30 

ö 
> 

20 

15 

10 

o 

PETROLEUM 

NATURAL GAS 

TOTAL PRODUCTiON 

1906-10 1911-15 1916-20 1921-25 1926-30 1931-35 1936-40 1941-45 1946-50 1951-55 1956-60 

Figure 1. Alaskan mineral production. Cumulative values of 
mineral production in Alaska by major commodities, 1906 -1960 
(5 -year averages), and 1961 -62 (by year). Source: Bureau of 
Mines (49, Fig. 1) 

.- 
ca 

O 

ó 45 

ó 40 

25 

_ 

_ 

a 

1961 

SA ND 
a 

GRAVEL 

C'; :.tER 

GOLD 

COAL 

o 

$? 

COPPER 



15 

Swanson River field. The remainder of production comes from three 

of the eight gas fields discovered on the Kenai Peninsula in the pro- 

cess of crude oil exploration. To date there is little market for the 

several trillion cubic feet of gas now believed to be in these fields. 

There is little doubt that the impact of petroleum will be 

great, but it is yet too early to say exactly how great it will be. To 

this time the effect has been to add considerably to the state's reve- 

nue through royalty payments on the Swanson River production and 

through exploration leases on state lands. Also, since the discovery 

of the Swanson River field in 1957, petroleum exploration activity has 

been greatly intensified. 

This then presents a hurried view of the mineral industry of 

Alaska with some implications of the potential of that industry as 

seen by several students of Alaska. Let us now turn to Alaska itself, 

the place wherein this industry exists. 
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LOCATION 

Perhaps the most novel feature of Alaska as a state in the 

United States is its location. Sharing with Hawaii the feature of being 

separated from the 48 contiguous states, Alaska combines remoteness 

from the centers of its country's business and cultural activity with 

a very northerly position and a very westerly position with respect 

to the contiguous states. 

Description 

Unfortunately for a proper appreciation of positions in the 

Polar Regions, most of the commonly used world maps are based on 

some type of Equatorial projection. Horrendous misconceptions 

about the Polar Regions have resulted, at least among the general 

public. Although modern air travel has forced an enlightened global 

awareness on many people, there remains an appalling confusion even 

among world travelers about why they need to go over Newfoundland 

on their way from New York to London or over Alaska to get from 

Seattle to Tokyo. Somewhat more useful for the present discussion 

is a stereographic projection centered on the North Pole. Figure 2 

is such a projection. Even more useful in developing true locational 

perspective is a globe, and that instrument is recommended for re- 

ference in the following section. The subject, in fact, lends itself 



17 

sw. ; Word 
erao9raphic Pro jec t icn 

Centered cn the North Pole 
Source : Steffan don (39) 

Figure 2. Alaska location map 

an the 
:::,;`: 

Cirç 

TLAN IC 

OCEANc 

Chtcoÿo 

:r6r-AME. 

M. arr,ì 

lio m"1atraóius 0n FaYv 

Fc> 

!, 



18 

more readily to viewing than to description. 

There is a paradox in the location of Alaska. It is, in a sense, 

a remote land, almost beyond the normal interests of man, and yet, 

at the same time, Alaska lies at the very heart of the major commer- 

cial and industrial centers of the world. It is all a matter of scale. 

In Figure 2 the centralized location of Alaska can be seen in respect 

to the circles of three- and four -thousand mile radius about Fair- 

banks. It is about as close for an Alaskan to go to Moscow, London, 

New York, Miami, Mexico City, Honolulu, Tokyo, or Peking as it is 

for a New Yorker to go to Paris. If the Alaskan can travel just four 

thousand miles, the world is his; yet he must travel nearly half that 

distance in order to see any city larger than Anchorage. 

Domestic markets 

As was observed above, Alaska is considerably removed from 

the business centers of its own country. It is, in fact, separated 

from the most important industrial and commercial centers, i, e., 

the eastern one -third of the nation, by the resource - abundant western 

states and Canada. As a resource supplier Alaska then has the posi- 

tion of being the farthest and, in many respects, the least. If not 

faced with the problem of sending "coals to Newcastle ", Alaska must 

send them through or by "Newcastle ". 

As a territory Alaska did not recognize this problem to any 
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extent. As a territory it was simply not allowed to compete, and that 

ended the matter. For instance, when Alaskan natives in the 1930's 

attempted to market reindeer meat in the states, the politically en- 

dowed cattle states quickly put a halt to the effort. 1 Similarly, trade 

with foreign countries was not permitted through the simple expedient 

of placing a 30% tariff barrier on direct shipping from Alaska to for- 

eign ports (15, p. 123). With statehood Alaskans have changed mat- 

ters somewhat, and they now are at least permitted to be competitive, 

if they can. In light of the position and resource wealth of the contig- 

uous states and Canada, however, prospects for sizeable markets of 

natural resources to the east are not promising. 

Foreign markets 

In the other direction things are different. Japan offers very 

interesting possibilities as a market for Alaskan resources, and 

Alaska offers at least a nominal market for Japanese manufactured 

goods. At the present time, all of Alaska's pulpwood production goes 

to Japan, and the Japanese are eagerly looking about Alaska for min- 

eral resources. According to the Bureau of Mines the biggest inter- 

est of the Japanese lies in copper and copper -nickle deposits (49, 

p. 8). The Bureau of Mines has also reported a pending deal for the 

1For a taste of the cattlemen's reaction to Alaskan competition see 
references (12) and (36). 
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Japanese purchase of liquified natural gas from the Kenai Peninsula 

(50, p. 2). There have also been reports of feasibility studies for 

exporting high -grade coking coal to Japan (2, p. 7). Somewhat less 

suited as trade partners to Alaska, but still of occasional interest, 

are South Korea, Formosa, and certain of the Southeast Asian coun- 

tries. 

Position then favors the probability that, while Alaska may ex- 

pect only a limited domestic market (that is, trade with the contiguous 

states) in the immediate future, there may well develop increased 

trade with Japan and possibly other Oriental markets for natural re- 

sources. Whereas the western states stand between Alaska and its 

domestic markets, with respect to the Orient, Alaska has the advan- 

tage of position. As the forest industries have become focused on a 

Japanese market, so may the mineral industries of Alaska expect in- 

creased development in that direction. 

The crude oil market for Alaska may be expected to continue 

to be located largely on the West Coast of the contiguous states. 

Since Alaska qualifies for supported domestic oil prices, which are 

somewhat higher than the world price, and since the West Coast may 

be expected to continue to be petroleum deficient, domestic sales are 

favored. 
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Future transportation 

In 1925 Stefansson predicted that the Arctic Ocean would some- 

day be considered the "Polar Mediterranean" (40). Rogers has re- 

cently observed that with the passage of nuclear submarines 

under the polar ice pack of the Arctic Ocean, Stefansson's predictions 

are beginning to take on a very sober aspect (37, p. 253). The idea 

of submarine tanker transport of petroleum from the arctic has been 

given some consideration by the petroleum companies (9, p. 196), 

and another quick look at the globe will show that a very logical di- 

rection to go with submarine -transported petroleum from the Arctic 

Coast of Alaska would be due north, then due south to Europe. The 

possibility of a submarine pipeline under the "Polar Mediterranean" 

also makes an interesting subject for contemplation as does the pre- 

dicted low -cost air freight that will no doubt be forthcoming in the 

not - too -distant future. 

Be that as it may, there seems to be no real possibility for 

bulk transport of mineral commodities across the "top of the world" 

for the present at least. So, despite its proximity, Europe yet re- 

mains quite far removed from Alaska's mineral resources. 

Strategic position 

Alaska's location has another very considerable, if less 
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direct, effect on the mineral resources. Alaska occupies a very im- 

portant strategic position in the Cold War because of its proximity to 

the Soviet Union (about two miles at Little Diomede). As a result 

there has been tremendous defense construction and other military 

spending in the state, so much, in fact, that the economy is presently 

dominated by defense spending in one form or another.' There are 

many ramifications of the defense economy and many effects bearing 

on the mineral industries. 

It is not the purpose here to discuss in any detail the economy 

of Alaska; that subject is well covered by the various sources cited, 

particularly Rogers and Cooley (38, pt. III). However, since location 

is the essential factor in the strategic importance of Alaska and since 

the military result of this importance has so strongly affect the econ- 

omy and the mineral industries, some brief statement is needed. At 

least the early military spending in Alaska came at a time of national 

emergency, and little attention was given to costs and possible after- 

effects. It was necessary to attract the required labor force to Alas- 

ka and quickly. To do so, high incentive pay was offered, and "cost 

plus" contracting was bid out. The job was done, but in its wake lay 

an established inflation that closed down most of Alaska's prewar 

'Ironically the defense spending in Alaska began in World War U 
when most of the effort was directed toward getting war materiel to 
Stalin's embattled forces from Alaskan air fields and repulsing the 
Japanese invasion of the Aleutians. 
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primary industry. When the ubiquitous cost of labor rises, nearly 

all other costs must go up with it. This, more than anything else, is 

credited with crippling the resource -based economy of Alaska. It is 

Rogers' conclusion that "Military Alaska's lack of concern for eco- 

nomic factors contributed to an inflation of labor and other costs, thus 

contributing to the decline of Colonial Alaska' and the erection of cost 

barriers to other developments within it" (37, p. 268). In this man- 

ner Alaska's location has become its greatest handicap to the develop- 

ment of mineral industries. 

It would be a vastly distorted over - simplification to leave the 

matter of military spending in Alaska at this point. Certainly vast 

benefits have accrued from the military presence and interest in 

Alaska. The population boom is a direct result of military activity; 

the roads were largely buit by the military as was the communica- 

tions system; even mineral exploration (in the costly operation by the 

Navy on the Arctic Slope noted in a later section of this paper) has 

been a military effort. At this stage it is virtually impossible to 

separate military activity from the mainstream of Alaskan develop- 

ment. For this reason, it is with great alarm that most Alaskans 

view any possibility of diminished military interest in the state. At 

the same time the military presence can rightfully be viewed as an 

'Colonial Alaska here refers to the resource -based economy that has 
declined since the beginning of World War II. 



24 

opiate that crushed the primary economy and replaced it as a lifeless 

surrogate upon which the state has now become dependent. 

Improvements 

For Alaska, location has been and will continue to be a most 

significant factor in the total economic development of the state. The 

mineral industries are a part of the primary industries which have 

been seriously retarded by several aspects of location, including es- 

pecially limited domestic market possibilities and inflation resulting 

from Alaska's militarily strategic position. Statehood and more 

carefully considered construction have acted to relieve some of the 

more acute problems so developed; improved conditions may be ex- 

pected in the future as foreign markets are developed and labor costs 

stabilize to become competitive on the world market. In the long run 

Alaska may find its strategic location at the "center of the world" to 

be its greatest asset. This, of course, can only be if Alaska is free 

to participate in world affairs. Statehood was essential to this end. 
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SIZE 

A very important consideration in any discussion of Alaska is 

the amount of the earth's surface over which it sprawls. A goodly 

number of superlatives can and have been applied to the state. Suf- 

fice it to point out here that an examination of Alaska on a globe 

shows it to be not only much larger than the other states - -it is, in 

fact, larger than Washington, Oregon, Idaho, Montana, Wyoming, 

and North Dakota all put together - -but also spread across many more 

degrees of both latitude and longitude than its size would require. 

From the "Panhandle" through the Aleutian chain it appears nearly to 

span the northern edge of the Pacific Ocean. A person flying from 

Seattle to Tokyo by the usual route finds that for over half his trip the 

nearest land is Alaska. 

Consequences of size 

There are a number of consequences directly attributable to 

the large size of Alaska. First, bigness attributes to inaccessibility. 

Assuming a regular and compact shape, it is obvious that the interior 

portions of a large land will be more remote from the perifera than 

the interior portions of a small land. This is true to an extent for 

Alaska; however, Alaska is not especially compact. Indeed, despite 

its size, Alaska has no site which is much over 300 miles to 
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sea water. 1 Because of the extraordinarily long and irregular coast 

line2 a very large portion of Alaska can be considered coastal. 

A second consequence to be expected from large size is min- 

eral resource potential. Minerals, once formed, are the least sensi- 

tive of the natural resources to surface conditions and so show little 

favoritism for one land or another. Consequently, a large land is 

likely to have more mineral deposits than a smaller land simply be- 

cause it has more surface and more chances to have these deposits. 

Some refinement of this statement will be given in Chapter VI, on the 

geology of Alaska. 

Perhaps the greatest consequence of large size is diversity. 

The larger a land is, especially if it sprawls, the more difficult it 

becomes to make meaningful general statements about it. Alaska is 

diverse. There is, in fact, about as much similarity among the land- 

scapes at Barrow, Adak, Juneau, Copper Center and Bettles as there 

is between that of any one of these and, say, Reno, Nevada. For any- 

one not familiar with this diversity, an appreciation for it can be de- 

rived through a comparison of the extent of surface over which Alaska 

sprawls and that covered by the contiguous states. By surface 

1 A very small tract north of Eagle actually lies slightly over 300 
miles from both Valdez and the Beaufort Sea. 

2Another superlative attributable to Alaska is that it has a longer 
coast line than the combined Atlantic and Pacific coasts of all other 
states. 
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distance, Alaska has about two -thirds the north -south extent of the 

contiguous states and about three -fourths the east -west extent. It 

may be assumed that the diversity of landscape is of the same order 

comparatively as the extent of surface covered. 1 

Alaska's diversity has greatly contributed to the many miscon- 

ceptions about the state, which are more often than not simply over- 

extended generalizations based on knowledge or hearsay of one portion 

of the state. It is perhaps useful to consider the observation that the 

Malaspina Glacier is larger than the state of Delaware. Generaliza- 

tions concerning these two areas would make an interesting contrast 

when applied to their respective states. Whereas the entirety of 

Delaware makes a fine basis for generalization of that state, the en- 

tirety of the Malaspina Glacier hardly serves as such a basis for 

Alaska. For that matter, the vastly larger entirety of southeastern 

Alaska is barely more suitable to the purpose. 

To the extent that diversity has fostered misconceptions, it 

has acted to retard the mineral industries. Ignorance and myths 

about the "Great Land" have led to poorly conceived government poli- 

cies and have retarded interest by private investors in the develop- 

ment potential of Alaska. Diversity has made operations difficult. 

1The psychological impression that the unknown is relatively uniform 
as compared with the familiar is discounted. Despite popular con- 
ceptions to the contrary, diversity is as great in the polar and equa- 
torial zones as it is in the temperate zones. 
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Operations suited to one part of Alaska can easily be disastrous in 

other parts; experience and knowledge gained in one part of the state 

may be useless in another. There are, in fact, very few people with 

worthwhile field experience in all the several major parts of Alaska. 

For the mineral industries, diversity has a positive effect 

which is closely allied with the simple probability of more mineral 

wealth where there is more land. There is also a greater probability 

for greater diversity in mineral deposits. While a small land (Kuwait 

comes to mind) might just happen to have great mineral resources of 

one kind or another, the probability for diverse mineralization is 

negligible. Only large land areas can have geologic conditions which 

favor several kinds of diverse mineralization. For instance, Alaska 

is large enough that one could quite reasonably expect to find there 

various igneous terrain, sediments favorable as hosts to ore bodies, 

petroliferous sedimentary basins, near - surface and workable sedi- 

mentary deposits such as coal, limestone, and other industrial min- 

erals, and metamorphic terrain conceivably containing asbestos, 

marble, graphite and the like. Diversity of the landscape implies 

diversity of resources which inturn implies the potential for diverse 

industrialization. Size is basic to this potential. 
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TOPOGRAPHY 

Topography is the study of the configuration of the land surface 

and the precise location and description of the features of that surface 

including mountains, plains, hills, glaciers, rivers, and the like. 

As such, the topography of Alaska, or any other place for that matter, 

is infinitely complex. Consequently, for ease in comprehension, to- 

pography is subject to generalization. 

Physiographic provinces 

A common form of generalization for landforms is the division 

of the surface to be described into physiographic provinces and sub- 

divisions of these provinces. Alaska was first divided into physio- 

graphic provinces by Brooks (8, p. 16) in 1906 in terms earlier ap- 

plied to the western contiguous states and Canada; thus the continuity 

of the physiographic provinces was proposed. The divisions used by 

Brooks are still used today, although some names have been 

changed. 1 Figure 3 shows the major physiographic units of Alaska 

according to their present designation. 

The Arctic Slope is generally divided into the Arctic coastal 

plain and the Arctic foothills. The former is an essentially flat plain 

'Alaska's northern mountain system was named after Brooks himself. 
Brooks simply referred to these mountains as the Rocky Mountain 
system. 
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of low relief characterized by numerous lakes and sluggish, meander- 

ing streams flowing toward the Arctic Ocean. The Arctic foothills 

form a transitional zone between the Arctic coastal plain and the 

Brooks Range to the south. The elevation of the foothills is from 

about 500 feet on the north to about 3000 feet as they merge with the 

Brooks Range. Tundra characterizes the vegetation of the Arctic 

Slope. 

The Brooks Range consists of a number of mountain groups 

forming a fairly unbroken chain roughly astride the 68th parallel. 

The range is quite rugged and generally barren; the peaks have char- 

acteristic mountain- glacier- eroded profiles though only several very 

small and dying glaciers or permanent snow fields remain in the sys- 

tem. Peaks are from about 5000 feet in elevation in the western por- 

tions to over 9000 feet in the eastern portions. 

The Central Plateaus province is a great complex group of 

landform units which includes low mountains, plateaus, hills, low 

basins, and, inthe west, low coastal plains. In general this province 

coincides with what is commonly called interior Alaska or central 

Alaska. The western portions are usually referred to as western or 

southwestern Alaska. The Seward Peninsula is usually considered 

as a separate physiographic unit. While most of the western portions 

are barren of trees having either tundra, grassland assemblages or 

transitional zones between tundra and grassland, the interior portions 
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support extensive but broken and heavily burned boreal forest. The 

Yukon and Kuskokwim rivers and their tributaries dominate the drain- 

age of the Central Plateaus province. These rivers, especially the 

Yukon, have traditionally served as access routes through the pro- 

vince. 

The Pacific Mountain system is another great complex of land - 

form units, in this case dominated by the greatest mountain groups on 

the North American continent. The most important of these mountain 

groups are the Aleutian Range, the Alaska Range, the Wrangell 

Mountains, the Chugach Mountains, the St. Elias Mountains, and the 

Coast Mountains. These mountains form a great, roughly bell- shaped 

curve around the northern Pacific and the Gulf of Alaska. They rise 

to elevations commonly in excess of 10, 000 feet and occasionally ap- 

proach the 20, 000 foot elevation which is exceeded by Denali or Mt. 

McKinley. 1 These peaks are rugged and heavily glaciated; along the 

coast they commonly rise abruptly from the sea in great walls of rock 

and ice most striking in scenic grandeur and most imposing as defy- 

ing trespass. In the southern coastal portions at lower elevations and 

where the terrain permits, luxuriant forests of hemlock and spruce 

are found. Inland, typical boreal forests prevail on the lower 

'Denali is the original name for the mountain and the one often pre- 
ferred by Alaskans. It is of Indian origin and means something to 
the order of "the high one" or "the great one ", a name an order of 
magnitude more appropriate and legitimate than Mt. McKinley which 
serves only to perpetuate a poor joke by an early prospector. 
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hillsides and valley floors. At higher elevations there is only alpine 

vegetation and barren rock and snow. 

Accessibility from the south 

In Chapter II it was observed that Alaska's long coast line 

might be expected to favor accessibility to the land from the sea. It 

is clearly seen, however, that the mountains of southern Alaska act 

to diminish the advantage of the long coast line. Easy access to the 

interior of Alaska is effectively blocked all along the south coast so 

that there presently exist only four surface routes from the Gulf of 

Alaska to the interior: the Alaska Railroad, the Glenn Highway, the 

Richardson Highway, and the abandoned rail route up the Copper Riv- 

er. Something of the effectiveness of this barrier can be seen in the 

decision of the military to run the only pipeline presently in operation 

into interior Alaska from Haines to Fairbanks rather than from a 

south coast port. The Haines -Fairbanks pipeline is 625 miles long, 

about twice as long as would have been required for a Valdez -Fair- 

banks route (26, p. 15). 

Rivers 

The rivers of Alaska have long served as major transporta- 

tional arteries for interior Alaska. In recent years, however, this 

function has diminished as other possibilities became available. The 
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Alaskan rivers are, in general, not particularly amiable, and it is 

only with a great deal of skill and courage that they are navigated at 

all. Besides the usual hazards of swift and shallow water, Alaskan 

rivers also offer deadly challenges from driftwood, sweepers, 1 

glacial silt, 2 and very cold water. 

Relief generalization 

Figure 4 is a descriptive relief generalization map of Alaska. 

Those areas shown as mountainous may generally be considered to 

offer serious difficulty to traverse. Surface travel through these sec- 

tions has been limited to a few selected routes which utilize the more 

favored valleys and passes. Glaciers and raging glacial -fed rivers 

add exceptional difficulties for planners of transportational routes 

through the Pacific Mountain system. The old Copper River railroad 

from Cordova to Kennicott3 serves as an excellent example of the 

1Sweepers are fallen trees at or slightly above or below the surface 
of the water still anchored by their roots to the bank. They literally 
sweep the stream of boats. 

2The danger of silt lies in its vary rapid deposit in clothing so as to 
render an overboard victim helpless to swim. 

3 Spelling of this word is correct for the place as designated by the 
U. S. Geological Survey. There was some confusion about the spell- 
ing in the early days with the result that the copper company came 
away with one spelling and the "town" another. According to Pro- 
fessor Cyrus W. Field of the Department of Geology at Oregon State 
(personal communication), Kennicott is the correct spelling. It is 
derived from the name of Dr. Robert Kennicott, an early force in 
the development and exploration of Alaska. 
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extreme difficulties encountered- -and surmounted - -in routing a rail- 

road through the Pacific Mountain province. It was just 195 miles 

long, and it cost $13, 000, 000 in 1907. At one point the tracks actual- 

ly crossed a glacier which was advancing at a rate that necessitated 

relaying the tracks every few weeks (23, p. 219). 

Areas in Figure 4 shown as hilly land present no major obsta- 

cles to surface transportation, though certain additional expense may 

be involved in maintaining suitable grades. The hilly land is com- 

monly more suitable for road building than flat land since muskeg, 

braided rivers, and frost - heaving unconsolidated materials are not 

likely to be a problem. 

The flat land of Alaska is composed chiefly of coastal plains, 

broad delta areas and broad river flats; all are underlain by alluvium 

mostly of Quaternary origin. This land is characteristically poorly 

drained; muskeg and innumerable shallow lakes are common. In the 

summer the flat land is quite difficult to traverse. Permanent roads 

may be nearly impossible to maintain in much of this country because 

of frost heave and permafrost disturbance. 1 By contrast, during the 

winter the flat land, including the rivers, is frozen solid and at that 

time serves as an excellent surface for travel by specially designed 

track or sledge vehicles. It also provides serviceable landing areas 

1See Frost (14, p. 36) for a discussion of the engineering problems 
associated with permafrost and other ground ice conditions. 
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for small aircraft. It is for this reason that most people familiar 

with the arctic prefer to carry out their transportational activities in 

the winter. Stefansson has remarked: 

With southerners it is a miracle to walk on 
water. To northerners the most commonplace use 
of water is to walk on it; thereafter they think of it 
as a highway, or highway material, for sledges, 
tractors, skis, showshoes, skates, and airplanes 
. . . By laying out routes of travel that cross isth- 
muses between lakes where they are low and not 
wide, it is possible, with such small labor as to 
be scarcely credible to southerners, to open up 
practically the whole Arctic and subarctic through- 
out the winter to tractor movement (41, p. 208). 

Transportation 

High transportation costs have been recognized by nearly 

everyone studying the economics of Alaska as a major retardant to 

growth and a particularly devastating factor in the mineral industries 

which must, with the exception of precious metals, mercury, and 

perhaps petroleum, ship rather low value per weight materials from 

often remote sites. Even before shipment of the ore or concentrates, 

high transportational costs act to stifle development of a property and 

exploration. According to the Bureau of Mines ore concentrates val- 

ued at less than $60 a ton shipped from Fairbanks to a smelter in 

Seattle would bear a freight bill of $34. 20 (49, p. 7). Of this, about 

half is for rail shipment to Seward and half for steamship transport 

to Seattle. For comparison, rail rates for a typical porphyry copper 
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mine in Arizona1 on 25% contained copper mill concentrates shipped 

to a smelter in El Paso run $2. 85 per ton. Besides this Kaufman (24) 

has estimated additional transportational costs for materials which 

must be transported by winter tractor train to be from 25ç to $1. 50 

per ton -mile depending on the terrain. If a trail must be cleared, he 

estimates that an additional $300 per mile of timbered land must be 

added to the over -all costs of the operation. When the cost of a re- 

quirement as significant and pervasive as transportation runs 10 to 20 

times higher for an Alaskan operation than for a contiguous state op- 

eration, the impact is obviously tremendous. 

It would be a mistake, however, to infer that this transporta- 

tional differential can be entirely attributed to topography. To look 

closer at the matter let us take the cost of shipping ore from Fair- 

banks to Seward via the Alaska Railroad. Kaufman (24) has cited the 

average rates on the Alaska Railroad to be 5. 7S per ton -mile. This 

difference cannot be attributed to topography. The Alaska Railroad 

was built and is run by the Federal government. The cost of con- 

struction does not have to be amortized, and its does not figure into 

the rates. Besides the military function of the Alaska Railroad, it 

has a primary service function to the communities along the rail belt. 

It operates in a rather luxurious fashion offering a high degree of 

1The Esperanza mine of the Duval Corporation in particular. Figures 
are from W. B. Wilkerson, Treasurer, from personal correspond- 
ence. 
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service as is consistent with the demands and needs of the people 

served. This results in low efficiency which in turn produces high 

operating expenses and thus high rates. The Battelle Memorial Insti- 

tute attributes the high revenues of the Alaska Railroad to " . . 

limited backhaul, extreme weather conditions, seasonal fluctuations, 

higher wage rates, and relatively low total freight tonnage" (7, p. VII - 

15). Although the topography through which the railroad was built 

was, no doubt, a challenge to its builders and a source of consider- 

able expense to the nation's taxpayers, it does not contribute signifi- 

cantly to the present high rates of transport. 

Similarly, most of the roads in Alaska were built by the mili- 

tary. The major roads are remarkably well routed and constructed 

considering the emergency conditions under which they were built. 

Except for some stretches subject to frost heave there is little of the 

maintenance cost that can be attributed to excessively difficult topog- 

raphy. 

Topography, of course, has no bearing on the high water car- 

rier rates between Alaskan ports and Seattle. As with the Alaska 

Railroad, most of this high cost results from heavy service demands 

and limited tonnage that is both seasonal and predominantly one -way. 

. 
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Remote access 

Away from the ports and beyond the existing road and rail sys- 

tems, however, topography does enter significantly into the cost of 

transportation. This is the land of track vehicles, sleds, river boats, 

and airplanes; travel and transport by such means can be expensive. 

Also the building of future roads and railroads into this country will 

be costly, and Alaska's difficult topography will be one of the major 

factors to overcome in this development. 

Since, as observed by Pounds (33, p. 243), it is the nature of 

the extractive mineral industries to be particularly concerned with the 

remote portions of the world, problems of access to the remote parts 

of Alaska are quite significant to these industries. There are, indeed, 

few people ahead of the prospector. Alaska's problems in this re- 

spect, though, must be considered in perspective with other undevel- 

oped lands. As was pointed out in Chapter I, Butte, Montana, faced 

rather imposing problems of this nature in its early days. Most of 

the undeveloped world does. Accessibility is more a function of de- 

sire than topography. As witness to this, Alaska was fairly accessi- 

ble around 1900 when the lust for gold was high (51). Today Alaska 

has several notable advantages. First of all, some good roads and 

a railroad now exist. Secondly, as compared with many parts of the 

earth, most of Alaska is relatively easily traversed during the long 
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winter season. Thirdly, there is a growing fund of knowledge and ex- 

perience about road construction in the north mostly resulting from 

the tremendous research and development effort of the military in the 

cold regions. Fourthly, there has been recent development of many 

varieties of vehicles suited to travel in the Polar Regions. Though 

Alaska never was inaccessible to the knowledgeable or the determined, 

it is becoming much less formidable as our knowledge and tools im- 

prove. When Alaska is viewed as the undeveloped land that it really 

is rather than simply compared with her now well- advanced sister 

states, a more favorable view results. There is no doubt that the to- 

pography of Alaska is impressive, especially to one traveling around 

the south coast of the state. The aspect of these mountains has a 

greater impact on the eye, however, than it does on the development 

of extractive mineral industries. 

Hydroelectric sites 

There is yet another thing to consider with respect to topo- 

graphic influences on Alaska's mineral industries. The topography of 

Alaska offers many very favorable hydroelectric power sites. Some 

of the better known potential hydroelectric power sites in or of signi- 

ficance to Alaska are shown in Figure 5. The development of large 

hydroelectric power projects such as that proposed for Rampart Can- 

yon has been promoted as a very favorable encouragement for 
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O 10 -24 megawatts 

o25 -99 megawatts 

100-999 megawatts 

1000 -plus megawatts 

Figure 5. Potential hydroelectric sites in Alaska. 
Source: Battelle (7, Fig. V-16). 

lao 200 300 

100 200 900 400 

ACIO 

500 ilumeters lC- 

soo Miles 

INTERIOR-GEOLOGICAL SURVEY. WASHINGTON. O. O.1327 
ALASKA, MAP C 

4 

- 

.- 

- 
. ' 

. 

'Ç ' T I 
I 

L(: 7r ,, 

p"P` 

I I 

--}-- ----- 

Y 

,`, 

it"' 
_ 

. 

o0(do` 

164' 

. Ì 
, 

, L-'/ a 0 
s 

5Wb7r 
(ubac 

'C [ 
r 

rrs , 

I. 
..h.rll 

l 

. 

v; ád 
t 

Ali., 4 
ó ' 

18' 

rrto.r .. 1 'i L 

, L . , u^ 4t 1 

,i;-. 
1. 

1 

' o K S P N 
° \--4 `4` ', nar 

¡ fJ Jn,, ut , i---"\.. ..-_- Ip 
.TErrEC__ 5.7E 

ie°J° v 
t 

; í=n ; p,s 
tY("`;' \. t 

Mi. Tl 1RS" 

t 
,` 

I! t f(or /, ' Il t.17 h rk/ , ' 
° '/ ' ,? 

P 0 " i .b ' 
.t . ed 

9 
` ,y,. a 
° Oak 

rv ou 
éhiynikB 

d 

°r 
riTágin }e 

C I 
P 

tti 1D' c°p 
. 

';=y; 
15rFe^--',1`[ 

' 

, 
' 

r , 
s 

. . 
r 
R ̀  
\ tEóe 

' M t \ 
sO'71 

d S 8.A 

124' 

O 

c:: 

. 

. 

' 

r" 
. 

ti 
. 

B e, ß ' A r 
. . 

' w . 

. `> --.1- - 

~~ 
_ , - ^ 

r Ø*4t1 
.. 

' Matthew 
1 

1(uniok 

.r 

Thcs 
y \ 

.;,..° 

ÿ 

l 

4'.,,."1 C 

GI r;s^O, 
U 

I 
A 

y E° 
%° °0 N A N 0 i 

0 Ark , O oa 
i0' f1jJ _ v 

. 

Andrea of Islande 

_/ j[, 
i+` ,. S u 

,r s 
, 

a.,''' 
.0 

_ './ 
'''''44P 
J°' 4:. .V, `l ,$ t 

A y 
sr 

ayl 
/44 Y 

F 

á t L 
8 

- 

I C 
F 

w° 5s1` 
11. ' 

E 

: 

L 4 V t 
\ / ` . ¿ f ` 
--%-", '` 1 ` < Qy,,z}_ 

, >,`-?' e,. , ß -,r . ( 

' 4 ' At .. 
1?111 t r, 1 a` r.ii 

1, 

"' o : .. \` 00 `w 

íf 

, 
. .f 

N ' +` 

' 
, A c Aa£ 
O 

Sy 

o 
eels r.E.rr. 

- 
un.lsk.E 

' 

176' East from Greenwich 180' West from Greenwich 176' 172 I68' 164' 160' 

o 

1 '1 4 

caswo. 

100 o 

500 



43 

Alaska's mineral industries. However, it must be observed that hy- 

droelectric power does not have the attractive force for industry that 

it once had. As a matter of fact, Battelle found interest by potential 

consumers of Alaska's hydroelectric resources to be "decidedly cool 

or outright cold" (7, p. V -139). There are many other factors invol- 

ved in the present location of power- oriented industries besides cheap 

power, and there are many areas already developed which not only 

have surplus power, but also offer a much more favorable economic 

environment than does Alaska. As with most of Alaska's resource 

potential, hydroelectric power is an all too common commodity in 

other locations. Even more to the point is the fact, as pointed out by 

Arthur D. Little, Inc. (26, p. 109), that the possibility for cheap 

power depends on a great market. Cost is as much a function of vol- 

ume as capacity. Capacity alone cannot produce cheap power, and 

there appears to be little likelihood in the immediate future that Alas- 

ka will be able to supply more than a very great capacity. 

. 



CLIMATE 

Climate classifications 
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Climate classifications are difficult to make, and no really 

satisfactory classification system has yet been devised for the north- 

lands. Added to basic regional inadequacy of the existing systems 

are the problems that there is very limited data available for Alaska, 

especially at higher elevations and in the northern portions, and that 

there exist serious microclimatic variations which prohibit meaning- 

ful extrapolations far beyond the station instrument shelters. 

The Köppen system (25) and the Thornthwait system (44) are 

the more generally used climate classification schemes, but neither 

provides an adequate division of Alaska's climates. Of the two, the 

Köppen system is the more useful for Alaska, and a map showing the 

Köppen climatic groups for Alaska is given here as Figure 6. How- 

ever, it is advised that Figure 6 be considered only as an approach 

to the climates of Alaska. 

Climatic description 

Of the several better efforts to describe Alaska's climates, 

Ward and associates (52, p. 304 -326) have provided, in this writer's 

opinion, the most serviceable and realistic approach. The following 

brief review is based primarily on material from that source and 
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from the Weather Bureau climatography series (47, Alaska). 

There is a wide range of causative factors for Alaska's cli- 

mates, and consequently the statement that "Alaska has no climatolog- 

ical homogeneity" (52, p. 304) is very well taken. The strong devel- 

opment of the North Pacific cyclone dominates the climates of central 

Alaska in the winter. Wind movement at that time is from the north- 

east. In the summer the wind is dominantly from the south or south- 

west due to the influence of the North Pacific anticyclone. Southwest- 

ern Alaska lies in the path of the prevailing westerlies while the Arc- 

tic Slope has prevailing north -easterly winds coming from the Polar 

high. The climates of interior Alaska are distinctly continental while 

the rest of Alaska has marine or arctic climates. 

The Pacific coast of Alaska has a mild and humid climate. 

The abundant rainfall has a fall and winter maximum. From the east 

to the west there is a gradual but marked change with the tempera- 

tures and rainfall decreasing while fog, cloudiness and wind increase. 

The western portions are dull, damp, and chilly, with a constant suc- 

cession of storms. The eastern portions bear dense spruce and hem- 

lock forests while the western portions are treeless but carpeted with 

luxuriant grass. The mountainous terrain bordering the Pacific coast 

acts not only to block the marine influence to the interior, but also 

collects great quantities of snow to form the many glaciers character- 

istic of the region. There is little direct knowledge of the climate 
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of the mountainous regions of Alaska. Valleys and plateaus within 

the Pacific Mountain system are dominated by continental climatic 

elements which are, however, somewhat modified by the proximity 

of the sea. The climate of the Matanuska Valley, for instance, is 

best described as continental. 

The Bering Sea coast and islands have rigorous arctic winters 

and severe gales. The Bering Sea, being largely ice -covered in the 

winter, has little modifying effect. In the summer, fogs are frequent 

and precipitation is heavy. The area is treeless tundra, transitional 

between the grassland in the south and the true arctic tundra to the 

north. 

The Arctic coast is the coldest part of Alaska for which there 

are records, even though the lowest temperatures are recorded in the 

interior. Snow and freezing may, and commonly do, come any month 

of the year. Precipitation is very low. This is the true arctic of 

Alaska, a far cry from the more familiar boreal forests of the inter- 

ior and the south coastal rain forests and grasslands. The still, 

clear cold snaps of the interior do not begin to compare in physiologi- 

cal and psychological impact with the cold winds of the Arctic coast. 

It is a bleak land that lies north of the Brooks Range, a cold and wind- 

swept desert which few men ever know. 

Certain authorities to the contraryl, the arctic does indeed 

1See especially Trewartha (45, p. 358) 
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have a most distinct summer (provided summer is not defined as 

being warm in reference to temperate zones). Possibly nowhere else 

in the world is winter and summer more different than in the arctic. 

The winter, especially after the sun comes back in late January, is 

usually considered the more pleasant season by residents and the 

more convenient for most outdoor activity. The short summer is the 

period in which the "world goes to pieces ". Everything melts and 

leaks and falls apart. Mud and water and mosquitoes and foul smells 

are the rule. Travel is seriously restricted. Peculiarly, this is also 

the time when there is a great influx of southerners up to look, sur- 

vey, measure, count, take notes and pictures, and then return when 

the ground starts to set. 

Interior Alaska has a typical high latitude continental climate. 

The winters are long and severe, though the cyclonic pattern seldom 

allows extreme temperatures to persist longer than two weeks without 

break. The coldest weather is always calm and clear with steep tem- 

perature inversions (only the valleys witness extreme, low tempera- 

tures). The frost -free period for the central portions runs from 

early June through mid- August. Here the highest and lowest temper- 

atures in Alaska are recorded. 1 

1 Fort Yukon, Alaska, generally has that distinction though Snag, 
Yukon Territory, which is 20 miles from the border is commonly 
colder. 
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Table 1 provides some selected climatic data for selected sta- 

tions in Alaska. These are not necessarily representative of Alaskan 

climates, but they do show some examples. A large part of Alaska 

has no representative stations. For reference, some selected con- 

tiguous state stations are also given. Probably more can be seen of 

the nature of Alaskan climates from a close scrutiny of such climatic 

tables than from generalized descriptions. Still, care must be taken 

not to extrapolate far beyond the station, especially in hilly and 

mountainous terrain. A good example of the danger of extrapolation 

can be seen in a comparison of the precipitation data for Anchorage, 

Seward, and Whittier. If there were only a station in the high country 

between these three stations, the local variation would be shown even 

more dramatically. 

General statements 

Most comments about the climates of Alaska fall into one of 

two categories of error. The first category belongs to the polar - 

phobe, who claims the place is too cold for sensible habitation. The 

second category belongs to the polarphile, who claims Alaska to have 

a Mediterranean climate and then proves it with selected isotherms. 

Because of the diversity of Alaska's climates and variations in per- 

sonal tastes, each contention has some support. The truth is far 

more complex and so not quite as convenient to comprehend or to use. 



TABLE 1. Climatic Data for Selected Alaskan Stations with Reference Stations from the Contiguous 
States. Source: U. S. Weather Bureau (47 and 48). 

Temperature ( °F) Wind 
Mean 

Precipitation 
(inches) 

Heavy Elevation 
Fog 

Mean 
Record 

High 
Record 

Low 
Speed 

(Mi. /hr. ) 

Normal 
Total 

Mean 
Snowfall 

(No. of (Ft. above 
days) sea level) 

Barrow 22 

Jan. -15.1 33 -53 11.0 0. 16 2. 2 2 

July 39.7 78 22 11.8 0.83 0.7 13 

Annual 10.1 78 -56 12.0 4.11 26.1 62 

Kotzebue 10 
Jan. - 6.6 36 -43 15.3 0.47 5.5 1 

July 52.6 82 34 12.9 1.53 0.0 3 

Annual 20.6 82 -48 13.3 8.03 41.4 22 

Cold Bay 90 
Jan. 29.1 49 - 5 17.3 2.52 6.0 8 

July 50.0 70 29 15.5 2.14 0.0 7 

Annual 38.4 78 - 9 18.0 33.20 41.7 41 

Adak 15 

Jan. 33.0 52 13 Not 5, 71 11.2 Not 
July 48.6 70 37 Avail- 2.88 0.0 Avail - 
Annual 40.2 70 11 able 57.91 68.7 able 

Seward 76 

Jan. 24.4 50 -10 Not 5.80 14.9 Not 
July 55.3 85 36 Avail- 3.10 0.0 Avail. - 
Annual 39.5 85 -17 able 70.27 76.6 able 



TABLE 1. Continued. 

Temperature ( °F) Wind 
Mean 

Precipitation 
(inches) 

Heavy Elevation 
Fog 

Mean 
Record 

High 
Record 

Low 
Speed 

(Mi. /hr. ) 

Normal 
Total 

Mean (No. of (Ft. above 
Snowfall days) sea level) 

Anchorage 92 
Jan. 13.0 56 -35 5.2 0.76 10.8 5 

July 57.3 83 35 5.6 1.55 0.0 0 

Annual 35.3 86 -38 5.5 14.27 59.7 25 

Whittier 55 

Jan. 24.5 45 -11 Not 18. 47 75.0 Not 
July 56.9 84 40 Avail- 2.95 0.0 Avail - 
Annual 39.0 84 -29 able 173.74 259.6 able 

Cordova 40 

Jan. 25.0 53 -27 4.4 7.05 27.4 1 

July 53.3 84 34 3.4 6.44 0.0 1 

Annual 38.6 84 -33 4.6 96.64 125.7 11 

Juneau 15 

Jan. 26.2 48 -19 8. 6 4. 48 17.5 2 

July 54.7 84 36 7.2 4.65 0.0 0 

Annual 40.6 84 -21 8.8 55.94 92.1 21 

Gulkana 1572 

Jan. - 5.9 46 -60 Not 0.79 10.6 Not 
July 56.9 88 30 Avail- 2.12 0.0 Avail - 
Annual 26.9 88 -65 able 11.70 48.6 able v+ 

- 

- 

- 



TABLE 1. Continued. 

Temperature ( °F) Wind 
Mean 

Precipitation 
(inches) 

Heavy 
Fog 

Elevation 

Mean 
Record 

High 
Record 

Low 
Speed 

(Mi. /hr. ) 

Normal 
Total 

Mean 
Snowfall 

(No. of (Ft. above 
days) sea level) 

Fairbanks 436 
Jan. - 9.8 42 -66 3.2 0.99 13.8 4 
July 60.9 93 34 5.8 1.92 T 1 

Annual 26.2 93 -66 5.0 11.92 60.4 20 

McGrath 334 
Jan. - 8. 7 54 -64 2. 7 1. 14 16.7 2 

July 58.7 87 34 5.4 2.32 0.0 1 

Annual 25.5 88 -64 4.2 19.13 88.7 9 

Minneapolis, Minn. 830 
Jan. 14.6 58 -31 10.6 .80 6.6 1 

July 74.1 104 48 9.5 2.67 0.0 1 

Annual 45.6 104 -31 10.8 24.71 42.7 13 

Duluth, Minn. (Airport) 1409 
Jan. 8.3 52 -35 12.5 1.23 16.7 2 

July 66.4 97 40 10.6 3.64 0.0 7 

Annual 38.2 97 -35 12.7 29.72 80.8 53 

Butte, Mont. 5530 
Jan. 14.2 54 -48 7.4 0.59 7.4 1 

July 62.4 100 29 8.2 1.24 T 
Annual 38.3 100 -52 8.1 12.67 50.6 6 en 

N 

-- 



TABLE 1. Continued. 

Temperature ( °F) Wind 
Mean 

Precipitation 
(inches) 

Heavy 
Fog 

Elevation 

Mean 
Record 

High 
Record 

Low 
Speed 

(Mi. /hr. ) 

Normal 
Total 

Mean 
Snowfall 

(No. of 
days) 

(Ft. above 
sea level) 

Portland, Ore. 30 
Jan. 39.5 65 6 9.9 5.43 5.3 2 

July 68.5 107 43 7.0 0.42 0.0 
Annual 54.6 107 3 7.3 39.91 9.2 26 

Los Angeles, Cal. 99 
Jan. 53.2 86 23 6.0 2.01 T 6 

July 67.6 93 49 6.5 T 0.0 2 

Annual 60.9 108 23 6.3 12.37 T 53 

Brownsville, Texas 16 

Jan. 60.5 87 23 12.3 1.43 T 4 

July 83.8 103 68 11.8 1.97 0.0 0 

Annual 73.6 104 22 12.1 27.62 T 24 

-- 
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If we must generalize and are allowed to exclude southern Alaska, we 

can hardly avoid the statement that Alaska is, or can be, a rather 

cold part of the earth. So can Montana, and the similarity between the 

climates of parts of Montana and parts of Alaska is striking. Never- 

theless, this all too commonly used analogy is misleading. So are 

the equally limited analogies between Alaska and Scandinavia. Alaska 

has a variety of climates which, though similar in parts to other por- 

tions of the world, are certainly unique in total. For present pur- 

poses it is probably just as well to leave the matter there with the 

suggestion that the reader peruse closely the information in Table 1. 

Impact on the south coast 

The climate of Pacific coastal Alaska is not severe, and it is 

difficult to think of it as retarding the development of the mineral in- 

dustries except perhaps as being disagreeably humid in the southwest- 

ern portions. Most of southern and southeastern Alaska is as favor- 

able as any climate for human activity, - albeit somewhat wet. The 

south coast ports are all ice -free except Anchorage, which is a poor- 

ly conceived port at best. 1 Actually, the Cook Inlet area should not 

be included in this section anyway. Anchorage, for instance, is in a 

rain shadow, and it has a climate which is verging on continental. It 

1Besides winter ice and an occasional iceberg, Cook Inlet has serious 
tidal problems. 
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is similar to Minneapolis in many respects but with a bit milder sum- 

mers and not so much rain or wind or humidity as Minneapolis. This 

similarity applies also fairly well to the Kenai Peninsula in the vicin- 

ity of the Swanson River oil field. Despite much talk about climate 

handicaps, the Swanson River field has a more moderate climate than 

the Lake Superior iron ranges. 

At this point, it might be well to explain all the glaciers pour- 

ing down into what appears to be a somewhat less turbulent upper 

Midwest climate. It can be observed as well that glaciers also pour 

down into the much more mild climates of southeastern Alaska. At 

the same time no appreciable glaciers exist in the much more severe 

climates north of the Arctic Circle. Herein lie some of the problems 

responsible for some misunderstandings about Alaska's climates. 

The glaciers of southern Alaska are the products of elevation and high 

precipitation at elevation and not high latitude cold. They are, in 

fact, dead or dying by the time they reach the pleasant valleys into 

which they descend. Consequently, their huge volumes of ice in no 

way reflect the climate of their lower reaches. It seems safe to sug- 

gest that if Minnesota were blessed with mountains such as the Chu- 

gach Range and a bit more precipitation, she would also have all the 

attendant glaciers. 
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Impact in the north 

Both the Bering Sea coast and Arctic coast offer some serious 

climatic handicaps mostly in the form of cold and windy weather over 

a cold sea which is quick to freeze and forbid navigation in the cold 

season. Here again is found a limitation to what might at first appear 

to be a highly accessible land. Whereas the topography limits acces- 

sibility to the interior of Alaska from the Pacific coast, climate 

limits it from the Bering Sea and Arctic Ocean. Navigation to Nome 

normally takes place from June to September, the rest of the year 

being impossible or dangerous for shipping (37, p. 13). Shipping to 

the Arctic coast is even more restricted, with only six weeks or so 

of relatively ice -free coastal water to be expected in the vicinity of 

Barrow. Added to these climatic barriers is the fact that no deep - 

water ports exist along these coasts. Cargo must be lightered some 

distance between ship and shore. Such restrictions to shipping not 

only increase the difficulties and expense of establishing operations 

along these coasts, but they would also force mineral extractive in- 

dustries to provide very large storage facilities for products to be 

shipped during the short season. 

For Arctic Slope petroleum this effect has been serious enough 

to discourage ideas of water shipment from either the Arctic Ocean 

or Bering Sea coasts. More favorable is a pipeline southward 
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entirely across Alaska to the south coast. An evaluation of the vari- 

ous possibilities for getting petroleum from the Arctic Slope to mar- 

ket was made by the Arthur D. Little group. It was their conclusion 

that a pipeline from Umiat to either Haines or Valdez would provide 

the highest value crude at market (26, p. 15). A Haines pipeline 

would be 1025 miles long while a Valdez pipeline would be 770 miles 

long. Of these two, the former appears to be the most feasible de- 

spite its nearly 50% longer length. The Arthur D. Little group con- 

siders a discovery in the range of a billion barrels necessary to make 

such a venture possible provided pipeline investment does not exceed 

$150, 000 per mile' (26, p. 2). 

Effectively then, from an economic standpoint, Umiat oil is 

closer to world markets through Haines 1025 miles away than it is via 

the Arctic coast only 80 miles distant. Arctic Alaska is indeed rather 

remote from world shipping despite its proximity to a coast. Climate 

seems clearly to take the credit for this paradox. As a result a dis- 

covery of the order of ten -times the size of the Swanson River field 

(now one of the largest fields in the United States) would be needed on 

the Arctic Slope if production is to be presently economical. 

1For comparison, the Haines -Fairbanks military pipeline would have 
cost $85, 000 per mile including pump stations at 1960 costs (26, 
p. 15). 
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Permafrost 

Perennially frozen ground or permafrost presents serious 

problems to the development of mineral industries in the arctic and 

subarctic. Permafrost is a problem because where it exists the 

ground is active under the influence of surface freezing and thawing 

while the subsurface remains solid and impermeable to ground wa- 

ter. In some cases, as with patterned ground, ice wedges, pingos, 

and solifluction, the activity goes on with or without the presence and 

influence of man. In many cases, man aggravates or initiates the 

activity by removing insulating cover, heating the subsurface directly 

or otherwise disturbing a static or dynamically stable situation. 

Figure 7 gives the approximate distribution of permafrost in Alaska. 

As pointed out by Hopkins and associates (21, p. 117), however, the 

regional zonation of permafrost in Alaska is highly obscured by local 

differences in character and distribution caused by topography, lith- 

ology, and drainage features. Consequently, Figure 7 serves only 

as a very rough guide to permafrost expectations. In the permafrost 

regions there exist both good and bad construction areas. The worst 

problems are encountered in areas of fine -grained unconsolidated 

material in flat -lying terrain (14, p. 36). Building and road founda- 

tions on low permafrost areas underlain by silt are particularly noted 

for their short life. 
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Figure 7. Probable permafrost in Alaska, after 
Hopkins (21, Fig. 5). 

O 300 

100 00 300 400 

400 

5001GIlane taro 

500 361.e, 

144' 

ra INTERIOR- GEOLOGICAL SURVEY. WASHINGTON. D. 6.1957 
ALASKA, MAP C 

a. 

' 

5B 

'` 

. 

- 

: 

ClRnn 
mo : :-I 

140' 

` 1. 

^ 

5 

, 

04'4, o Grl/.j.,y 

/ T.e 
7, 

, . 

- _. . í 
L 3 

an8n// 
J 

4 
C h 

' As" 
1 I c- 

. `' e 
, ' 

, f 
,6 ,.n C` 

e t ß /: 
O 

Un nt C, 

Ifclr 
N\ 

. 

S 
1 1`n 

..\ 
/ 1 

S'in'e . /,./,., J ' C+Z , \ Ilia..." 
cS SfJ 

rtulìL- --.0 .?__' ,1e F`7 

lyaOd 

C1 

L` 

/ \ 
`( Ar 

6r 

v :\` 
nr . 

f I ß` A 
-c):,.? 

Pt ' vi R p1A K S v L'-'\J H-L1,. ; ' K Ar 
`j 

` I `ti., R.rubi,: nf¡¡7. 
- ; rt` (__ 
á I 

ARLTü__ - - 

t -'--------- ri 
Co 4. }y 

04 

:::it S a y C 
^ _ 

5ti , .,ato iE 
43.459., lire ' // 

' 
Sf L: wrenee 

aYn 
ha 

,\'n 
. 

74 3/1.h4 °C Oh+ 
a 

*. .` 
` r r ' t f `. lfirr/m/t ti>t,lyC,we 

ti.=. .., ett : . 
, _ ., r- 

: es-- ,1 \ \ p 

, \ eKInLEY 1 arn E " p 
T. TL PyRë.-. : . L7Y . i . h't GYJ 

-.7:-. : ' ¿.- /` r ( p -oy 
ckln C 

:ppi$ > - 
1 

..rth Yf +r 
' 
Y, 

` 
o 

"l' ^r S . '°pe ' \ratD'. .._.. M t .,. .' '.h4 
` 5^' y'. t t\ . r Ry'1 

\,r,{ 

f 

t ` MRtihev 1 t1 
Nontvok--^/ \, } 

l, ?Ì 

.+ 

, 
P 

d 
G __ 

,p 
) t Q 

\ y 
° a t 

$C 
t/ ! 

., d 

r s 
'Agin ' 

----. 

O 
A t _ 

,- . 
1 % L\ . O`r-11 S`l. < ` 

` é 
" y 

1I'4\,'y 

X/1 tr,,..s'° 
l,My.. 't nr1 ti t wb -T ` .pr 

0 0 .yL- 
EyJ 

O . '''o, ar .'. 
°\ ;tk Cf. 

.° ' p 
z 

,n 

Q 

..9, 

104'4.- 
.1-2? Dn 
a 

. 

N 

. 

C 

L C 1 

S y 
Q v L ' 

'Co, 

60 
e 
0 

' 

. 

, 

7Va 
r ^ °i"v 

Rar f \e\'nde oO 
Sy, 

/ oon,U J A 9 E°{-L} .,,M7 - 
o t f le, t 

I S A N 

G. o f 
e Andrea Andrea of Islands 

P 

140' 136' .. . 1 

. 

,t 

. 

,e0 

e. .7 

200 :oo 

11 

E 

o 

rl 
:, 

® 

/ 
yyy . 

Yp 

' 

.; 

G J Z 
H 

o ° F 0 



60 

Besides the impact of permafrost on surface construction, an 

effect with which all activity in the northern lands must work, the 

mineral extractive industries have a special concern with permafrost 

since the earth is their product and also the avenue though which they 

approach their product. In the case of hard rock underground mining, 

permafrost in unconsolidated materials can be treated much the same 

as any other solid rock. In northern Greenland this writer in 1960 

observed an experimental tunnel being excavated in perennially frozen 

glacial tillby the Army Cold Regions Research and Engineering Lab- 

oratory. The engineer in charge of that project suggested that the 

material structurally was best treated as a well- cemented conglom- 

erate. Regular hard -rock mining techniques were being used. The 

temperature in the tunnel was approximately -10 °C. Shot -hold drill- 

ing was done with an organic fluid in place of water. 

In placer mining by dredge in many parts of Alaska, it is nec- 

essary first to destroy the permafrost before the dredging can begin. 

It has been determined that the permafrost in much of Alaska is not 

the product of present climate, but rather a relict from the colder 

Wisconsin Stage of the Pleistocene (43, p. 1540 -1541). Because of 

the high insulating properties of the surface cover, this ice has been 

maintained well into a climate not so well suited to its existence. 

Consequently the removal of surface material will commonly allow in- 

solation to modify the permafrost level appreciably (21, p. 115). 
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Very little is known about the effect of permafrost in petroleum 

reservoir rocks. In the Navy program of petroleum exploration on 

the Arctic Slope several petroleum fields were located in which oil or 

gas occurred in permafrost reservoirs. However, there was not 

sufficient pumping from the reservoirs to be useful in gauging the 

problem (35, p. 170). 

Temperature handicap 

The climate of northern and interior Alaska is recognized as 

being rather cold, and that means that plant and operational costs will 

probably be higher than for warmer regions, all other factors being 

equal. More and better buildings are needed, more fuel is required, 

and certain special equipment is necessary for low- temperature op- 

erations. However, such costs are a matter of degree. It is all too 

common to find the inference that Alaska has a unique disadvantage in 

cold. This is far from the case. Table 1 provides some insight into 

this matter in the mean annual temperature values. Certainly the 

temperature handicap of interior Alaska in respect to the northern 

contiguous states is not nearly so great as that faced by the northern 

contiguous states with respect to the southern contiguous states. For 

northern Alaska the disadvantage is more significant. It is difficult 

to isolate the cost of cold and also difficult to find its many manifesta- 

tions. The simple fact that its costs more to operate in Alaska and 
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that Alaska is sometimes, and in some places, cold does not serve to 

relate cold and costs. There are entirely too many other factors in- 

volved. This is brought out sharply by the fact that summer opera- 

tions on the Arctic Slope are quite costly, more costly than winter op- 

erations in the interior. 

Probably we will not be able to appreciate fully the real impact 

of cold on operations in the north until there are enough operations 

there that we can have comparable situations to evaluate. At that 

time our experience should be such that a direct relation will exist 

between mean annual temperature and operational costs. In other 

words, we may expect to be putting our efforts directly to controlling 

or using the cold and not be wasting energy by blundering and fumbling 

about with inadequate equipment and inadequate knowledge. At the 

present time inefficiency and inexperience completely obscure the in- 

herent handicaps of cold. 1 

Some bearing on the inherent effect of temperature on opera- 

tional costs in the arctic can be gained from an analysis of heat 

1 As an illustration, the mean annual temperature at Barrow is ideal 
for frozen food storage. The Eskimoes capitalize on this by digging 
holes in the ground for year -round meat storage. In contrast, the 
southerner drags in thousands of barrels of fuel oil, some to heat 
his poorly designed house and some to run his generator which fur- 
nishes electricity, a considerable part of which goes to pump the 
heat produced in the building out of his indoor frozen food lockers. 
At the same time he is using a good part of his fuel oil to melt the 
foundations of his house. 



63 

transfer. The formula for heat conductivity through a solid is 

K(T2-Tl )at 
Q - d 

where Q is the heat transferred, K a constant depending on the nature 

of the substance and the units used for the variables, (T2 -T1) the 

temperature gradient across the substance, a the section area, t the 

time, and d the thickness of the substance. From this relation it is 

seen that heat transfer is directly proportional to the temperature 

gradient and inversely proportional to the thickness of the conductor 

( or insulator). Although the formula does not apply rigorously to 

heterogeneous substances such as insulating bats and other construc- 

tion material, the relationship can still serve to provide a first order 

approximation for building walls. If wind effects are held constant, 

then the mean annual temperature for any site would yield a fair index 

to the heat required to maintain a given temperature in a given build- 

ing at that site. Assuming we wish to maintain 70. 0 °F. all year in a 

similar building at Anchorage, at Fairbanks, and at Barrow, we find 

the mean annual temperature gradients between the inside and outside 

to be 34. 7 °, 43. 8 °, and 60. 00 respectively. Since these gradients 

should be proportional to 1) the heat required to maintain the gradient 

assuming equal insulation, or conversely 2) the thickness of insula- 

tion to maintain the gradient assuming equal heat input, we find that 

a building at Fairbanks would require either 26% more heat or 26% 
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more insulation or some combination of these in order to maintain its 

temperature as well as a building in Anchorage. At the same time a 

similar building in Barrow would require 37% more heat or insulation 

or combination of the two than would a building in Fairbanks. Wind 

effects will definitely modify this model;' nevertheless, it gives a 

point of departure for cost figures resulting directly from tempera- 

ture. It is also obvious that this analysis is not valid for comparing 

locations where the summer temperatures much exceed 70 °F. since 

such values tend to raise the annual mean without giving great benefit 

to the operation. A more sophisticated model taking wind and plus - 

70° temperature effects into account could be readily derived. It is 

interesting to note that for both wind effects and high summer temper- 

ature effects, the comparative advantage goes to interior Alaskan 

sites over sites in the upper Midwest. 

Of some significance to this problem also is the location of the 

vast amounts of fossil fuels on the Arctic Slope. Heating the build- 

ings of a coal mine or a gas pipeline pumping station is seldom an 

expensive task. 

1 Recently work has been done on the effect of wind as a chilling agent. 
The windchill factor so derived expresses the cooling effect of a cold 
wind quantitatively in units equivalent to kilogram calories per hour 
per square meter. It is possible to show with some assurance the 
total wind- temperature effect of heat removal from any surface (16, 
p. 76 -77). The wind effect is considerable. 
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The nuisance of cold 

The last category of handicaps that will be considered here as 

directly related to climate is what might be called the miscellaneous 

nuisance factors, the various irritants that are characteristic of a 

particular climate and which act to discourage people from living 

there. Where they exist special incentives must act to negate them. 

Among the more obvious ones for a cold climate are frostbite, heavy 

machine wear, machine temperament, lubrication problems, water 

supply problems, ice fog, winter darkness, burdensome clothing, 

southern disposition against cold, and perhaps "cabin fever ". De- 

spite the fact that for years explorers and sourdoughs have taken 

great delight in pointing out that cold climates have no more than a 

fair share of irritants, the idea has persisted that the north is a 

wretched place in which to live and a worse place in which to work. 

Paradise is usually pictured as much nearer the Equator. Actually 

much of this attitude is more a matter of taste and a matter of exper- 

ience than anything else. The north is different, and it takes some 

getting accustomed to, and very few people have ever taken the time 

to do that. Just as it would be disagreeable, if not disastrous, to 

leap from the middle of New York City into the Amazon Basin or the 

Gobi Desert or from either of the latter into the former without prop- 

er knowledge of the new terrain, so it is often difficult for persons 
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and operations to adjust to the differences of the north. It is even 

more difficult for machines to adjust, and since most of the machines 

used in the north were designed and perfected for southern climates, 

it is small wonder that they often give trouble. Certainly no Eskimo 

would ever have designed a water -cooled engine or rubber tires and 

yet these are exactly what we try to use in the arctic, and then we 

curse the cold because the machines do not work well at 50- below. 

The blame lies elsewhere. It is therefore proposed by this writer 

that it is just as well to dismiss the notion that irritants of the cold 

regions are inherently either more or less of a nuisance than those 

for other climates. Admittedly, we do not know best how to cope 

with them, but then few of us have lived with them very long either. 

Nevertheless, as pointed out by Queneau (34, p. 696), there 

is usually the necessity in the arctic for importing manpower in the 

form of southern people; a factor that must be contended with is the 

inexperience and displeasure of these people. To some extent it was 

this fear of the unknown and dissatisfaction of the southerner with 

arctic and subarctic conditions that necessitated the introduction of 

high wage scales to lure him northward. 1 While Alaska may not have 

1 However, some caution must be taken in this evaluation. There is 
also the factor of population inertia. Workers had to be gotten to 
the north very quickly, more quickly than people like to move - -any- 
where. Part of the problem must be attributed to overcoming that 
inertia. 



67 

serious objective or rational climatic deterents to population, it most 

assuredly does have some serious subjective or irrational climatic 

deterents. Some of the climates of Alaska have many irritants which 

are strange, bewildering, and consequently quite objectionable to the 

vast bulk of humanity. The noticeably high proportion of people of 

Scandinavian descent in Alaska is indicative of population attraction to 

the familiar. People familiar with cold do not find it objectionable. 

Perhaps the greatest problem arising from the dissatisfaction 

of southern people with Alaskan climates is the very rapid turnover of 

personnel. The two -year "hitch" in Alaska, instituted by the Federal 

government for its employees, provides a real problem in developing 

and retaining persons experienced in the ways of the north. It mani- 

fests itself in the very temporary attitudes of the people who "camp 

out" for two years and then go "home ". Just about the time a man 

begins to know something about his job and his environment he is re- 

placed by another "cheechako ". In general, the southerner looks to 

Alaska only as a place to work for awhile. It is difficult to say how 

much of this problem is attributable to climate and how much to other 

elements of the Alaskan scene or to simple homing instincts. There 

are now signs that out of those who come to see, there is a growing 

body of those who find their homes and stay. 
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GEOLOGY 

Geology as a geographic factor 

Since geology is a separate field of study quite parallel and 

equal to geography itself, some explanation for the use of the term 

as a geographic factor is perhaps in order. As a geographic factor 

the term is taken here to refer not to the science of geology but rath- 

er to certain aspects of that field of study which are most significant 

to an analysis of the landscape, namely the nature of the rocks of the 

surface and near surface with special emphasis on the impact of this 

material and its distribution on the activities of man. This is essen- 

tially the sense of the term as applied in the "geology of Arizona" 

being a composite of the high points of the areal geology and the eco- 

nomic geology taken in a regional framework with usually no great 

benefit being derived from a very detailed examination. As he does 

with many other disciplines, the geographer takes the studied reports 

of the geologist as a point of departure from which to make a neces- 

sarily more subjective evaluation of impact. 

Consequently, for the purposes best served by this paper the 

descriptive geology of Alaska will be treated quite briefly as were 

the factors previously discussed. For a more detailed description 

of the areal geology of Alaska the reader is referred to the several 

references cited and particularly to U. S. Geological Survey 
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Professional Paper 192 by Smith (39). For the economic geology of 

Alaska the index by Cobb and Kachadoorian (11) serves as a place to 

begin. Herreid (19) offers a brief summary of the subject. Unfor- 

tunately there does not exist at this time a recent detailed summary 

of the general geology of Alaska which covers all the usual major as- 

pects of the field. 1 Such a compilation of existing knowledge is sore- 

ly needed. 

Extractive mineral industries 

In general it has been the case that industrial development be- 

gins with the extractive mineral industries which, when properly 

handled, lead to economic advancements that can then foster the pro- 

cessing mineral industries. Various attempts to hasten the advent of 

processing mineral industries by bypassing the exporting, extractive 

phase commonly have met with only limited success or outright fail- 

ure. Alaska stands today somewhere in the early stages of the de- 

velopment of extractive mineral industries. 

Many things are required for the development of extractive 

mineral industries, but the most basic is rock --rock with economi- 

cally extractable minerals or fossil fuels composing it or contained 

in it. Since rock is a rather ubiquitous material, as pointed out in 

1The excellent 1906 paper by Brooks (8) is an example of such a 
comprehensive work. 
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Chapter II, the size of the land available for prospecting is a very 

significant factor in determining the mineral wealth of a region. The 

character of the existing rock is also obviously important, and it is 

with a consideration of the economically significant character of 

Alaskan rocks that the present chapter deals. 

The unknown geology 

Highsmith, Jensen, and Rudd (20, p. 250) have pointed out the 

profound impact of the simple fact that mineral resources are hidden 

from view. Unlike most of Alaska's natural resources the mineral 

resources are not subject to inventory. There are, however, in- 

numerable inventories of the "known" mineral resources even though 

very little actually is known about most of the deposits so inventoried. 

The Alaska State Department of Natural Resources has, for the past 

three years, used for the center fold of its annual report a map 

showing the locations of the "better known mineral deposits" of Alas- 

ka. For promotional purposes such maps have some value, but they 

do not appreciably aid in the comprehension of the reality of Alaska's 

mineral wealth. The fact of the matter is that extraordinarily little 

is known of the mineral wealth of Alaska. As was shown in Chapter 

I, except for petroleum and sand and gravel most of the "known" 

mineral deposits have little or no economic significance, at least 

under the present circumstances. 
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Before proceeding with a statement of what is known of the 

geology of Alaska it will be useful to look at what is not known. 

First of all, much of Alaska has been mapped geologically only at a 

reconnaissance level, and a good portion has not been mapped at all. 

Additionally, outcrops are very scarce in much of Alaska, and even 

in those areas where intensive efforts have been- undertaken, it has 

commonly been necessary to make very broad generalizations and 

extrapolations. Many field workers, including most recently Her- 

bert (18), have pointed out the serious hindrance to field geology 

studies in much of Alaska due to the very limited bedrock exposure. 

Where outcrops are limited, the quality of the result is necessarily 

suspect. 

Whereas a large part of Canada offers almost unlimited bed- 

rock exposure as a result of Pleistocene glaciation, Alaska witnessed 

no continental glaciation during the Pleistocene. Instead, during the 

Pleistocene vast amounts of alluvium were dumped on interior Alaska 

effectively masking bedrock rather than exposing it. The somewhat 

peculiar drainage systems of the Kuskokwim and Yukon rivers reflect 

this glacial dumping. These rivers are just beginning to remove the 

great mass of debris left for them at the end of the Pleistocene. Ac- 

cording to the U. S. Geological Survey approximately one -third of 

central Alaska is made up of topographic basins containing "consider- 

able thicknesses of Quaternary deposits" (30, p. 62). There is no 
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direct evidence of the nature of the bedrock underlying this material. 

The deepest hole drilled in central Alaska to this time is 350 feet, and 

it failed to penetrate the alluvium (30, p. 54). For all practical pur- 

poses in these alluvium- covered areas there is no direct bedrock geo- 

logic information. Also, especially in the south coastal mountains, 

there is appreciable bedrock hidden by present glaciers and perma- 

nent snow fields. Figure 8 shows the portions of Alaska for which 

there is essentially no known bedrock geologic information. 

Sedimentary terrain 

The sedimentary basins of the world have their greatest inter- 

est to the economic geologist as possible sources for petroleum. The 

U. S. Geological Survey has evaluated the sedimentary basins of 

Alaska with respect to their possible petroleum potential. The re- 

sults are reported in Geological Survey Bulletin 1094 (30). Figure 9 

shows the areas designated by the Geological Survey as most favor- 

able for petroleum reservoirs. Of these the Cook Inlet -Kenai Penin- 

sula, the Katalla area, and the Arctic Slope have proven petroleum 

reserves. The only commercial crude oil production at this time 

comes from the Swanson River field on the Kenai Peninsula, a major 

petroleum field with over 100 million barrels of crude oil reserves 

and an annual production exceeding ten million barrels (3, p. 18). 

The Swanson River field is now fully developed. Still undeveloped is 
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Figure 9. Possible petroleum provinces of Alaska. 
Source: Miller, Payne, and Grye (30, Plate 1). 
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the Cook Inlet discovery of 1963 and the several gas fields on the 

Kenai Peninsula. 

The Katalla field was an old petroleum production area that 

closed down in 1933 after producing some 154, 000 barrels of crude 

oil (30, p. 47). Recent exploration in the area has not been produc- 

tive (10). 

Exploration sponsored by the Navy from 1944 -1953 on the 

Arctic Slope resulted in the discovery of three oil fields and two gas 

fields. From the work done the Geological Survey concluded that geo- 

logical conditions favorable to the accumulation of oil and gas existed 

throughout most of the Arctic Slope (35, p. 170 -171). In 1963 the 

greatest petroleum exploration activity in Alaska was on the Arctic 

Slope. Expanded interest in this proven petroleum province is re- 

flected in the five -fold increase in seismic activity and the ten -fold 

increase in surface geology in 1963 over 1962. Unlike much of inter- 

ior Alaska, the Arctic Slope has reasonably good bedrock exposure 

so that surface geological investigations are quite practical (4, p.35). 

Outside the three proven petroleum provinces of Alaska there 

exists very little subsurface data. While much of interior Alaska is 

not considered particularly favorable for petroleum accumulation (30, 

p. 54), there are entirely too many question marks on the map for a 

very clear statement of probability. The possibility that the Ceno- 

zoic basins of the interior may also be pre- Cenozoic structural 
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basins is an intriguing question that as yet is a subject of conjecture 

that can only be resolved by drilling and seismic surveying (30, p. 75). 

Similarly, the remainder of the possible petroleum provinces of Alas- 

ka await exploration. 

The sediments of Alaska are also significant as sources for 

coal. Figure 10 shows the location of the known coal reserves of 

Alaska. Unlike petroleum, workable coal deposits are relatively ap- 

parent in a reconnaissance survey, and the possibility for discovery 

of any great quantity of presently unknown coal is not great. Never- 

theless, the presently known coal is hardly well delineated or evalu- 

ated in respect to quality, quantity, and mineability. The best esti- 

mates available indicate Alaskan coal reserves to be about 24 billion 

tons of bituminous coal, 71 billion tons of sub -bituminous coal and 

lignite, and 2 billion tons of anthracite and semi -anthracite (5, p. 46). 

It must be stressed that these figures represent very rough approxi- 

mations. Only a very small part of Alaska's known coal resources 

have been measured. Of the total estimated coal in Alaska, about 

85% lies on the Arctic Slope. The Bering River field is known to con- 

tain coking -quality coal; it is also thought to be rather highly frac- 

tured and faulted. Investigations are presently being carried out to 

determine the feasibility for developing this field for export (7, p. V- 

85). 

Other mineral deposits of economic importance associated 
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Figure 10. Known coal fields of Alaska. 
Source: Averitt (5, Fig. 8). 
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with sedimentary rocks in Alaska include gold and silver, tin, tung- 

sten, and platinum placers, sand and gravel, high- purity limestone 

and clay, gypsum, phosphate rock, barite, uranium, and alluvial 

titaniferous magnetite (at Klukwan). Except for the construction ma- 

terials the immediate prospects for expanded extraction of any of 

these materials is slight. About the best that can be said for them is 

that Alaska has them if they are ever needed. Just along the Alaska 

Railroad the U. S. Geological Survey and Bureau of Mines have lo- 

cated, investigated, and found favorable for development considerable 

supplies of nonmetallic minerals useful for construction (53, p. 1 -2). 

Igneous and metamorphic terrain 

In a very general way the metalliferous lode deposits are as- 

sociated with igneous terrain or, at least, igneous activity. Among 

the lode metal deposits known in Alaska are ores, or rather possible 

ores, of iron, copper, lead, zinc, silver, nickel, mercury, anti- 

mony, molybdenum, tin, gold and silver, tungsten, uranium, chrom- 

ium, titanium, and beryllium. There is also sulfur in the form of 

pyrite and the metamorphic associates graphite, asbestos, jade and 

garnet (11). Of these only a small amount of uranium is being ex- 

tracted at the present time. As with the non -fuel sedimentary min- 

eral deposits, about all that can be said for Alaska's known lode 

mineral deposits is that they are there if they are ever needed. In 
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as much as the chromium, tin, nickel, asbestos, and antimony used 

in the United States come almost entirely from foreign sources, the 

country can take some comfort in the knowledge that they are known 

to exist in Alaska, but unless government price supports are brought 

to bear on these commodities, there is little likelihood for the known 

Alaskan lode deposits to be developed in the immediate future. 

Because the metalliferous lode deposits are associated with 

specific igneous terrain, it is possible for the economic geologist to 

work out rough probability evaluations for finding lode ore, given the 

geology of an area. Figure 11 is a map derived in such a manner to 

show lode metal potential for areas in Alaska. When the transporta- 

tional limitations of Alaska are considered with respect to the lode 

metal potential, the best areas for prospecting are fairly sharply de- 

fined. Southeastern Alaska and the Kenai Peninsula- Prince William 

Sound areas stand out. The Alaska railbelt, the Alaska Range where 

crossed by the Glenn and Richardson highways, and the Seward Penin- 

sula form what look to be the next best areas on which to concentrate. 

As might be expected, these are also the areas which have been most 

intensively prospected. 

Evaluation of mineral wealth 

There is an old cliche-about Alaska having untold mineral 

' 
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wealth!'. 1 Indeed there is probably some truth in the statement, es- 

pecially the "untold" part. It is a fact that the real future for signi- 

ficant metalliferous mineral industries in Alaska will depend on new 

discoveries of higher value deposits than those presently known. The 

Battelle Memorial Institute estimates that this will be the case for at 

least the next 20 years (7, p. V -65). The Arthur D. Little group 

concludes that "The popularly imagined vast storehouse of mineral 

wealth is not known to exist . . . Alaska's ability to become a major 

factor in the mineral industry in the future, depends upon the location 

of deposits that are higher grade and /or bigger than those now 

known "2 (27, p. 2). 

Yet, despite the limited known wealth in lode metal deposits, 

all indications would point to Alaska having considerable and diverse 

mineral resources. There are tremendous coal reserves and a great 

petroleum potential. The igneous terrain has proven metalliferous 

mineral deposits of great diversity, and there have been appreciable 

mining operations in the past. There is little reason to believe that 

there are not more bonanzas, such as the old Kennecott property, 

lying undiscovered in Alaska. Certainly there must exist many 

1For more in this vein the reader is referred to a classic book by 
Tuttle (46). 

2This does not refer to the fossil fuels, a subject covered in another 
report by that group (26). 
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unknown ore bodies of less than bonanza proportions. The vast areas 

with virtually unknown geology coupled with the wide variety of min- 

eralization must be considered good evidence for high ore body pro- 

bability. To find them will require exploration. 

Exploration 

As pointed out above, surface geology investigations are very 

limited by the sparcity of outcrops in much of Alaska. This factor 

plus the various economic retardants tend to put Alaska in an unfavor- 

able position in the bidding for mineral exploration by the mining in- 

terests. Only much better than average ore bodies can be worked in 

Alaska. 1 Thus the exploration company in Alaska is in the position 

of having to find more valuable property with less to work with and 

at a higher cost. To make matters worse, geophysical prospecting 

has been limited and fraught with unusual problems in Alaska. It is 

only on familiar terrain that most anomolies can be effectively inter- 

preted, and Alaskan terrain has, so far, rendered what little geo- 

physical prospecting that has been done a matter of great uncertainty 

(18, p. 1327). While geophysical techniques may some day unlock 

1R. H. W. Chadwick of the Bear Creek Mining Company has been 
quoted as stating that Bear Creek's Kobuk copper property, to be- 
come a mine, must have an ore grade and cut -off grade 50% higher 
than that which could be developed in the contiguous states(54). 

- 
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Alaska's "vast storehouse of mineral wealth.:', at the present time 

there is neither sufficient data nor sufficient understanding of the re- 

sults to be of great value. Lund has suggested that a Federal geo- 

physical survey such as that being carried out by the C nadian govern- 

ment is needed for_Alaska (28, p. 1355). If significant results are to 

be obtained, the Federal government will certainly have to take the 

lead in the effort. Neither industry nor the state is in the position 

to carry out extensive geophysical prospecting and research. 

So, while Alaska probably has great mineral wealth, there are 

aspects of the geology which act to render much of that wealth unap- 

proachable. The geology of the state is, in effect, both attractive 

and repellent to the mineral industries. Since the first sourdough 

prospectors, this ambivalent nature of Alaskan geology has been a 

source of bitter frustration and occasional unexpected wealth. Some- 

thing of the nature of Alaskan geology can be seen in the famous 

Bonanza discovery. By a quirk of fate a small bit of mountain side 

was scraped clean by a glacier, and then exposed as the glacier re- 

treated. There was the outcrop of one of the world's richest copper 

lodes, to be stumbled on by miners looking for placer gold (23, p. 

217 -218). 

While mineral deposits can be, and all too commonly are, 

found in such manner, the future of Alaska's mineral industries will 

depend on a more studied approach to exploration. It will depend on 

- 
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the determined efforts of Alaska's planners to encourage the research 

and exploration needed to break through the physical and economic 

barriers which have so effectively concealed, and so rendered use- 

less, the mineral resources of the state. 
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SUMMARY AND CONCLUSIONS 

Deficiencies inthe economic development of Alaska are com- 

monly attributed wholly or in part to the various elements of the phy- 

sical geography of the state. It has been the objective of this paper 

to present a critical analysis of several of the more commonly re- 

ferred-to geographic retardants to the Alaskan mineral industries in 

an effort to evaluate in some detail the real impact of these factors. 

We shall now review briefly the high points of that impact. 

Summary of impact 

Location. Alaska's location greatly influences the develop-- 

ment of its mineral industries. Its position of isolation from the best 

domestic markets together with its relative proximity to Pacific 

Asian markets indicates the expectation of an increasing development 

of mineral export westward. Trade with Europe across the Pole will 

have to await the development of low -cost submarine or bulk air 

transport. As a territory Alaska's location stifled the development 

of mineral industries in that world markets, under those conditions, 

could not be effectively approached. As a state Alaska's position 

leads it toward the strong development of world trade in mineral re- 

sources. 

The strategic position of Alaska during both World War II and 
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the Cold War has resulted in a very strong development of military 

operations and spending in the state. In participating in the develop- 

ment of inflation, the military has indirectly wrecked the primary 

economy of the state. Although the total ultimate impact of the mili- 

tary presence in Alaska is quite complex and at this time impossible 

to evaluate, it can be said that the present mineral industry of Alaska 

has suffered appreciably as a result of the absence of economic con- 

siderations in defense efforts. There are encouraging signs of eco- 

nomic stabilization and better total planning on the part of the Federal 

government in recent years, and possibly the final analysis will show 

Alaska favorably affected by its strategic importance. 

Size. Alaska is big, and that bigness has contributed appreci- 

ably to giving the state a large and diversified mineral resource base; 

albeit, at this time, most of that resource base must be inferred 

from circumstantial evidence. Size also has contributed to a limited 

extent to the relative inaccessibility of some parts of the state. More 

significantly, size has provided diversity of landscape making the 

state very complex. Operational requirements consequently are di- 

verse, and the confusion and expense of operating on many kinds of 

terrain have given the mineral industries some appreciable prob- 

lems. Operations in many parts of Alaska are in the most primitive 

and expensive stages. Experience is most seriously limited. 
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Topography. South coastal Alaska has rugged topography 

which severely limits the number of feasible access routes to the in- 

terior and makes the construction of transportation arteries along 

these routes difficult and expensive. Thus the topography inhibits 

the development of mineral industries in the interior. This evalua- 

tion does not apply, however, to areas of the interior presently 

served by existing transportation systems but only to those areas in 

need of transportation. More damaging and costly than mountains to 

present transportation are areas of low permafrost terrain where 

great difficulty is encountered in maintaining the road bed. 

Most of the high transportation costs that can be cited for 

Alaska are not reasonably attributable to topography. More signifi- 

cant to these costs are inflation and limited, seasonal, and princi- 

pally one -directional haulage coupled with the Alaskan's willingness 

to pay for rather luxurious transportation conditions and services. 

Operations in undeveloped areas not serviced by the existing 

transportation system have high transportation costs due to costly 

road construction and /or exotic transportation requirements such as 

aircraft, sledge, and tracked vehicle. The mineral extractive in- 

dustries are naturally concerned with remote (as well as easily ac- 

cessible) areas. "Bush" operations and their associated expenses 

are required for these industries more than for most. 

While remote access is costly for Alaska, so too is it for 
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most undeveloped regions of the world. Advantages noted for the 

colder portions of Alaska are 1) some existing roads, 2) relatively 

easy winter travel, 3) a growing knowledge of northland technique, 

and 4) better equipment developed primarily by the military. Access 

is no problem for large portions of southern Alaska in that a long, 

deep -water, and very irregular coast serves this land with year - 

round water transportation. 

Numerous hydroelectric sites of considerable potential have 

been noted to exist in Alaska, and this power source has been men- 

tioned as a potentially significant stimulus to the mineral industries. 

For various technical and economic reasons there is little hope in 

the foreseeable future for very cheap power in the state despite the 

physical potential. Even if cheap power were available, it is very 

doubtful that appreciable processing mineral industries would be at- 

tracted to it. Hydroelectric power no longer has the industrial at- 

traction it once had, especially in areas remote from markets and 

labor. 

Climate. The climates of Alaska are many and varied. In 

the south coastal areas no special handicaps to the mineral industries 

can be attributed to climate. In the northern portions of the state the 

cold seas are frozen a good part of, to nearly all, the year so that 

there is very limited access by ship to the northern coastal sections 

of Alaska. In many cases the shipment of mineral commodities is 
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easier and cheaper entirely across the state to the south coast than by 

way of the Arctic Ocean and Bering Sea. 

The colder parts of Alaska have some inherent disadvantage 

in operational costs due directly to the need for additional heating. 

This disadvantage, however, is largely obscured at this time by in- 

efficiency of existing operations. The impact is probably not apprec- 

iably greater than it is for many northern contiguous state operations 

when climate is isolated from the factors of poor planning and poor 

understanding of the environment. In fact, interior Alaska is favored 

over many of the contiguous states in having lower wind chill and less 

snow. Most of the expense commonly attributed to climate in the 

colder portions of Alaska would be better attributed to inexperience 

with the climate. Blunders cost far more than the cold. 

Because many of the climates of Alaska are somewhat differ- 

ent from those familiar to middle- latitude people, it is difficult to 

attract labor forces to the north. Once attracted, this labor is not 

particularly suited for the work required. Frustration and dissatis- 

faction with the new environment commonly send a good part of the 

experimenters south before they really come to know the place and 

to be fully useful forces. In helping provoke this turn -over, climate 

acts as a handicap to the mineral industries. 

As with middle- latitude people, some middle -latitude machines 

are not well suited to operate in the colder Alaskan climates. 
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Machines usually are not so adaptable as people. Until there is suf- 

ficient demand for machines truly designed for Alaskan climates this 

problem may be expected to persist. Machines designed for middle - 

latitude climates and modified to work in the north are the rule today. 

They are temperamental at best. 

Permafrost is a problem peculiar to cold climates and of 

particular consequence to the mineral industries. Except for con- 

struction problems, there is not enough experience with permafrost 

in the mineral industries to evaluate its impact. In construction, 

permafrost is a serious nuisance for those who ignore it or fail to 

make use of the existing knowledge of proper construction technique 

and precautions. Like most of the problems of the north, permafrost 

has been shown to be subject to solution and cohabitation by intelligent 

man. 

Geology. The principal handicap imposed by the geology of 

Alaska on the development of the mineral industries is that so little 

is known of it. In part this results from deficient investigation, but 

a major problem lies in the geology itself, specifically in the defici- 

ency of bed -rock exposure in much of the state. For both physical 

and economic reasons prospecting in Alaska is difficult. This diffi- 

culty in prospecting, together with the economic handicaps to devel- 

opment of Alaskan properties, strongly discourages exploration in- 

vestment by mining companies. To make matters worse, geophysical 
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and geochemical prospecting have been rather unsuccessful in the 

state. There has been too little work and too little understanding of 

the results. 

At the present time the only truly significant mineral industry 

of Alaska is based on the extraction of the fossil fuels. Nevertheless, 

there is every indication that the state does have a varied and con- 

siderable mineral base. From the occurrence of diverse metalliza- 

tion, the presence of significant petroliferous sedimentary basins, 

the gigantic coal reserves, and the proven industrial minerals con- 

venient to transportational facilities, it can be safely inferred that the 

potential mineral resources of Alaska are more than sufficient for 

great and diverse mineral industries. 

Compexity of impact. In some instances the conclusions here 

drawn support in a general way the contention that the elements of the 

geography of Alaska act to retard the mineral industries. In some 

instances the contention is not well- supported. In all cases the situ- 

ation is far more complex than is general stated. 

Oversimplification of the effect of environment on the mineral 

industries can lead to what are, in fact, serious errors in planning. 

For example, the considerable but very diverse and indirect handi- 

caps of climate on the mineral industries of Alaska cannot be over- 

come with 20% more fuel oil or a good supply of down parkas. Nei- 

ther can additional roads through the Alaska Range (and certainly 

.. 
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not four -lane highways as some demand) reduce the high cost of ore 

shipment on the Alaska Railroad. There will be little benefit to the 

mineral industries in blasting an atomic harbor at Cape Thompson or 

building the world's largest power dam at Rampart Canyon. A dis- 

position by many to overemphasize the spectacular and forget the 

simple facts of economics and common sense has frustrated the pros- 

pects of Alaskan development for many years. It is still a nuisance. 

Knowledge of the land 

The land is basic. It forms the relatively stable stage and 

props on which and with which man carries out his activities. In 

Alaska the land is somewhat different from that in the contiguous 

states, as indeed is the land of these various states. The men who 

work on that land must know it. They must know its nature and its 

vagaries. They must be equipped with the experience and tools to 

live and work on the land no matter what its configuration or seasonal 

features. They must know how to use the characteristics of the land 

to their advantage. Such usually has not been the case in Alaska. 

More commonly the land has been treated as a great evil entity, a 

foreign enigma plotting to deceive and misuse man. Of course, the 

land is only the land, and the only thing foreign is man himself. 

Southern man on the Alaskan landscape too commonly presents 

a pitiable picture of a temporary, displaced person. Shacks and 

. 
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trailers inadequate for Florida vie with houses designed for Califor- 

nia to house lost and bewildered people in an environment that is not 

inherently bad but certainly strange and uncomfortable to the "chee- 

chako". That same image carries through much of the Alaskan 

scene. The first snowfall in Fairbanks demonstrates each year that 

half the people on the road have practically no experience with driving 

in winter weather. They do not understand cold weather; they do not 

understand wilderness; they do not understand the world to which they 

have come to live. If they learn one year, they go "outside" the next. 

If they do not learn they will more surely go "outside ". Witness the 

much- publicized homesteaders from Detroit who tried to be anachro- 

nisms on the Susitna a few years ago (32). In 1963 just one family 

remained. Permanence and experience seem slow to come to Alaska. 

More than anything else the development of all primary . indus- 

tries in Alaska needs the establishment of an experienced and know- 

ledgeable people, a people familiar with their land and capable of 

working on it efficiently and effectively. Total orientation toward the 

Alask environment is required together with a determination to 

make optimum use of its values. 

Ignorance and the vast unknown must be reduced. This will 

require a two -step approach. The first step must be effective dis- 

semination of that which is known. All those who wish to operate in 

Alaska should have ready access to all the considerable knowledge 

- 
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that exists on the subject. For the mineral industries this includes 

not only the known geology, but also the accumulated information on of - - -. 

ficient operational procedures, the economic structure and how to live 

with it, in brief, all the experience and knowledge of the land. 

Another aspect of dissemination of present knowledge involves 

the general population. A population educated and experienced in the 

ways of the land must be developed as a useful labor and management 

force for the mineral industries. Toward this goal there must be an 

intense effort to educate a people still largely foreign to Alaska in the 

ways of the land and an equally intense effort to encourage these peo- 

ple, once trained, to stay on the land. The two efforts go hand in 

hand. One of the greatest forces acting to create transient Alaskans 

is dissatisfaction stemming from failure to meet the demands of the 

environment. An enlightened and cooperative attitude by the Federal 

government would be helpful; Alaska is a state now, not an overseas 

base, and it should so be treated. Permanent assignments should be 

encouraged. 

The second step toward reducing ignorance of the land would 

be the acquisition of more knowledge of the land. Of basic and obvi- 

ous importance to the mineral industries is the necessity for much 

more intensive geological investigations including basic research in 

exploration geophysics and geochemistry as applied to the Alaskan 

terrain followed by or contemporaneous with reconnaissance 
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geophysical surveys of the state. Exploration drilling and seismic 

surveys are needed in the promising but yet unchecked petroleum pro- 

vinces. Investigations into the specific problems of Alaskan pros- 

pecting are sorely needed. 

Equally as important as geologic investigations to the mineral 

industries are investigations into the various environmental aspects 

of Alaska's mineral industries. A better understanding of both the 

physical and economic environments of Alaska with special attention 

to the means for efficiently operating within them is needed. This 

work covers nearly the complete academic spectrum, but there 

should be considerable emphasis on matters more or less directly 

applicable to improving the posture of Alaska as an economic entity. 

A great deal of benefit could be derived from simply converting un- 

classified military knowledge to civilian application and giving it wide 

distribution. More quick - return benefits can be derived from reviews 

of the northland studies of other nations, especially those of the Sov- 

iet Union. Unlike the United States, the Soviet Union appears to be 

more seriously interested in truly economic benefits of her north- 

lands. Consequently, while the United States concentrates on con- 

quering the physical barriers through research largely directed by 

the military, the Soviets are concentrating on conquering the econom- 

ic barriers also (31). It does the mineral industries of Alaska little 

good to know how to travel across tundra with facility but only at the 
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astronomical costs commonly absorbed by the Department of Defense. 

In the final analysis the idea of inherent geographic advantages 

and disadvantages is meaningful only in reference to the human occu- 

pance characteristics of the land. The physical features of the land- 

scape form a stage for human activity, but they do not dictate that 

activity. Most significant to the development of primitive lands is 

the ability of the inhabitants to perceive and utilize their resources. 

In Alaska most people are just beginning to learn to live in a land 

somewhat different from the one they knew before. When Alaskans 

finally come to know their land, many of the physical geographic fac- 

tors presently retarding the development of Alaska will have become 

insignificant. 
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APPENDIX I 

Photographs showing certain aspects of the landscape from the 

south coast of Alaska to the Arctic coastal plains. Photography by 

the author. 

Figure 12. Central mainland portions of Alaska indicating the loca- 
tion of sites of the landscape photographs. (The photographs were 
taken at the points indicated by the points of the arrows in the direc- 
tions so indicated.) 
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Photograph 1. Chugach Mountains near Valdez, Pacific 
Mountain system, July. 

Photograph 2. Chugach Mountains near old Sheep Mountain 
Lodge, Glenn Highway, Pacific Mountain 
system, October. 
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Photograph 3. Copper River Plateau, Pacific Mountain 
system, June. 

Photograph 4. South flank of Mt. Wrangle, Pacific 
Mountain system, June. 
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Photograph 5. Alaska Range, Isabella Pass (Delta River 
and Richardson Highway shown), Pacific 
Mountain system, April. 

Photograph 6. Alaska Range, High country near terminus 
of Black Rapids Glacier, Pacific Mountain 
system, April. 
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Photograph 7. Tanana River and Tanana Flats (Alaska 
Range in background), Central Plateau 
province, July. 

Photograph 8. Interior Alaska, Vicinity of Fairbanks, 
Central Plateau province, September. 
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Photograph 9. Interior Alaska, Yukon River near Rampart, 
Central Plateau province, April. 

Photograph 10. Brooks Range, Vicinity of upper John 
River, Brooks Range province, May. 
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Photograph 1Z. Arctic foothills, Vicinity of Anaktuvuk 
Pass, Arctic Slope province, May. 
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Photograph 12. Arctic coastal plain, Meade River near 
Atkasuk, Arctic Slope province, May. 
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