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“We know that there is no absolute knowledge, that there
are only theories; but we forget this. The better educated
we are, the harder we believe in axioms. I asked Einstein
in Berlin once how he, a trained, drilled, teaching scientist
of the worst sort, a mathematician, physicist, astronomer,
had been able to make his discoveries. ‘How did you ever do
it, I exclaimed, and he, understanding and smiling, gave the
answer:

*“ ‘By challenging an axiom!’”

Lincoln Steffens, Autobiography (p. 816)



FOREWORD by Albert Einstein

I frequently receive communications from people who wish
to consult me concerning their unpublished ideas. It-goes
without saying that these ideas are very seldom possessed of
scientific validity. The very first communication, however,
that I received from Mr. Hapgood electrified me. His idea is
original, of great simplicity, and—if it continues to prove it-
self—of great importance to everything that is related to the
history of the earth’s surface.

A great many empirical data indicate that at each point on
the earth’s surface that has been carefully studied, many cli-
matic changes have taken place, apparently quite suddenly.
This, according to Hapgood, is explicable if the virtually
rigid outer crust of the earth undergoes, from time to time,
extensive displacement over the viscous, plastic, possibly fluid
inner layers. Such displacements may take place as the conse-
quence of comparatively slight forces exerted on the crust,
derived from the earth’s momentum of rotation, which in
turn will tend to alter the axis of rotation of the earth’s crust.

In a polar region there is continual deposition of ice, which
is not symmetrically distributed about the pole. The earth’s
rotation acts on these unsymmetrically deposited masses, and
produces centrifugal momentum that is transmitted to the
rigid crust of the earth. The constantly increasing centrifugal
momentum produced in this way will, when it has reached a
certain point, produce a movement of the earth’s crust over
the rest of the earth’s body, and this will displace the polar
regions toward the equator.

Without a doubt the earth’s crust is strong enough not to
give way proportionately as the ice is deposited. The only
doubtful assumption is that the earth’s crust can be moved
easily enough over the inner layers.

The author has not confined himself to a simple presenta-
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tion of this idea. He has also set forth, cautiously and compre-
hensively, the extraordinarily rich material that supports his
displacement theory. I think that this rather astonishing, even
fascinating, idea deserves the serious attention of anyone who
concerns himself with the theory of the earth’s development.

To close with an observation that has occurred to me while
writing these lines: If the earth’s crust is really so easily dis-
placed over its substratum as this theory requires, then the
rigid masses near the earth’s surface must be distributed in
such a way that they give rise to no other considerable centrif-
ugal momentum, which would tend to displace the crust by
centrifugal effect. I think that this deduction might be capa-
ble of verification, at least approximately. This centrifugal
momentum should in any case be smaller than that produced
by the masses of deposited ice.



AUTHOR'’S NOTE: To the Layman and the Specialist

This book is addressed primarily to the layman. It is intended
to be read by everyone interested in the earth and in the his-
tory and future of life on the earth.

I believe that the most important problems of science—that
is, the most fundamental principles of scientific thought and
method—may be understood by everyone. I think it is the ob-
ligation of scientists to make these essentials clear, for only in
this way can science arouse public interest. It is unquestion-
able that without a public interest science cannot flourish.

The impression that serious scientific problems are far be-
yond the understanding of the average man constitutes a seri-
ous obstacle to the growth of this public interest. A caste
system of specialists has been created, and it has produced a
sort of intellectual defeatism, so that the layman tends to
think that the conclusions he can reach with his own faculties
are invalid, no matter how carefully he examines the evi-
dence. This is an error that inhibits the spread of scientific
knowledge and tends to discourage the recruitment of scien-
tific workers, for every scientist has been an amateur to start
with.

In addressing this book to the general public, I hope not
only to promote a wider discussion of the basic problems of
the earth; I hope also that from such increased interest will
come more recruits for the study of the earth. This book is
addressed also to the youth of high school and college age,
who, in my opinion, are perfectly capable of reaching sound
conclusions on the evidence set forth in it. From many of
them, in the course of teaching, I have already received not
only an enthusiastic response, but active and practical help.

But this book is necessarily addressed also to the specialists
in the various fields with which it deals. These include geol-
ogy, geophysics, paleontology, and climatology. It is precisely
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here that an attitude discovered among the specialists raises a
serious problem. There is a natural inclination among them
to consider, each one, the evidence falling within his own
field of competence, and that evidence alone. Necessarily, if
the arguments affecting one field alone are considered, and
all the rest are put aside, the weight of probability for the
theory is very greatly reduced, and it becomes easy to con-
clude that, while interesting, it need not be taken very seri-
ously. From this it is but a step to the conclusion that the
theory had better be proved first in one of the other fields:
it will then be soon enough to invest the necessarily consider-
able amount of time, effort, and expense in a restudy of the
basic data affected by the new theory in the specialist’s own
field.

So it becomes a question of a scientific passing of the buck:
the paleontologist tends to look to the geologist, the geologist
to the geophysicist, and the geophysicist to the geologist, for
the proof of the theory.

But in the nature of the case, this is a problem for all the
sciences of the earth together. Here the specialists must be-
come general readers, and the general reader must take on
the responsibility of the scientist. By this I mean that the
reader must examine the facts presented here for himself,
and draw his own conclusions without looking to any author-
ity except that of his own reason. If the reader will do that—
and I now include the specialists—I have no fear of the conse-
quences. Either he will accept the theory presented in this
book or he will be inspired to look for a better one.



ACKNOWLEDGMENTS

When it comes time to write an acknowledgment of the assist-
ance received from others in the preparation of a book, this
job is sometimes accomplished in a perfunctory way; it is a
job to be got over with but, at the same time, turned to ad-
vantage. I do not think that this is fair to the essentially social
nature of science. The implication is usually obvious that the
book is, in fact, the work of one or two perspiring and in-
spired persons, who, by themselves alone, have persevered
against odds to complete an imperishable product. This dis-
torts the process by which scientific and, indeed, all original
work is done. Scientific research is essentially and profoundly
social. Discoveries are not the product of single great minds
illuminating the darkness where ordinary people dwell;
rather, the eminent individuals of science have had many
predecessors; they themselves have been merely the final or-
ganizers of materials prepared by others. The raw materials,
the component elements that have made these great achieve-
ments possible, have been contributed by hundreds or thou-
sands of people. Every step in the making of this book has
been the result of contact with other minds. The work done
by hundreds of writers over a number of centuries has been
exploited, and the contributions of contemporary writers
have been carefully examined. The product represents, I
should like to think, a synthesis of thought; at the same time
I hope its original elements will prove valid additions to the
common stock of knowledge in the field.

Credit for the initiation of the research that led to this
book belongs, in the first instance, to students in my classes
at Springfield College, in Springfield, Massachusetts. A ques-
tion asked me by Henry Warrington, a freshman, in 1949,
stimulated me to challenge the accepted view that the earth’s
surface has always been subject only to very gradual change,



6 EARTH’S SHIFTING CRUST

and that the poles have always been situated precisely where
they are today. As the inquiry grew, many students made
valuable contributions to it, in research papers. Among these
I may name, in addition to Warrington, William Lammers,
Frank Kenison, Robert van Camp, Walter Dobrolet, and
William Archer.

Our inquiry first took organized form as an investigation
of the ideas of Hugh Auchincloss Brown, and I am deeply
indebted to him for his original sensational suggestion that
icecaps may have frequently capsized the earth, for many sug-
gestions for research that proved to be productive, for his
generosity in sharing all his research data with us, and for his
patience in answering innumerable letters.

In this early stage of our inquiry, when I was in every sense
an amateur in many fields into which the inquiry led me, 1
received invaluable assistance from many specialists. These
included several members of the faculty of Springfield Col-
lege, especially Professor Errol Buker, without whose kindly
sympathy our inquiry would have been choked in its infancy.
Assistance with many serious problems was received from
Dr. Harlow Shapley, of the Harvard Observatory, Dr. Dirk
Brouwer, of the Yale Observatory, Dr. G. M. Clemence, of
the Naval Observatory, and a number of distinguished spe-
cialists of the United States Coast and Geodetic Survey.

Our inquiry, in its third year, was involved in a difficulty
that appeared to be insuperable, and from this dilemma it
was rescued by an inspired suggestion made by my old friend
James Hunter Campbell, who thereafter became my constant
associate in the research project, and my collaborator. I must
give credit to him for having taken hold of a project that was
still an amateur inquiry, and transformed it into a solid sci-
entific project.

When Mr. Campbell had developed his ideas far enough to
assure us that the idea we had in mind was essentially sound,
it became feasible to submit the results of our joint efforts to
Albert Einstein, and we found him, from then on, a most
sympathetic and helpful friend. Throughout an extended



ACKNOWLEDGMENTS 7

correspondence, and in personal conference, his observations
either corroborated our findings or pointed out problems
that we should attempt to solve. With regard to our inquiry,
Einstein made an exception to his usual policy, which was to
give his reactions to new ideas submitted to him, but not to
offer his suggestions for their further development. In our
case, with an uncanny sense, he put his finger directly upon
problems that were, or were to be, most baffling to us. We
had the feeling that he deeply understood what we were try-
ing to do, and desired to help us. Our association with him
represented an experience of the spirit as well as of the mind.

In the later stages of our inquiry, many distinguished spe-
cialists and friends helped us with particular problems. Help-
ful suggestions have been contributed by Professor Frank C.
Hibben, of the University of New Mexico, Professor Bridg-
man, of Harvard, Dr. John M. Frankland, of the Bureau of
Standards, the late Dr. George Sarton, Professors Walter
Bucher and Marshall Kay of Columbia University, Dr. John
Scott, Mrs. Mary G. Grand, Mr. Walter Breen, Mr. Stanley
Rowe, Dr. Leo Roberts, Mr. Ralph Barton Perry, Jr., Mrs.
Mary Heaton Vorse, Mr. Heaton Vorse, Mr. Chauncey
Hackett, Mrs. Helen Bishop, and Mrs. A. Hyatt Verrill. To
Dr. Harold Anthony, of the American Museum of Natural
History, our debt is enormous. It was he who afforded Mr.
Campbell and me our first opportunity of discussing our
theories with a group of specialists in the earth sciences, when
he invited us to talk to the Discussion Group of the Museum.
In addition, Dr. Anthony has helpfully criticized parts of the
manuscript, and has helped me to get criticism from other
experts. Captain Charles Mayo, of Provincetown, Massachu-
setts, in many long discussions over the years, has contributed
innumerable valuable suggestions.

One far-sighted scientist without whose generous help this
book in its present form would have been impossible is Dr.
David B. Ericson, of the Lamont Geological Observatory. He
has contributed many vitally important bibliographical sug-
gestions, has corrected numerous technical errors, and has



8 EARTH'S SHIFTING CRUST

provided needed moral support. I am equally indebted to
Professor Barry Commoner, of Washington University, who
not only read the manuscript to suggest improvements of
content and style, but also helped me in the preparation of
special articles for publication in the technical journals. Mr.
Norman A. Jacobs, editor of the Yale Scientific Magazine,
published the first of these articles.

During the last year I have received enormous assistance
from Mr. Ivan T. Sanderson, who, as a biologist, has read the
manuscript with a critical eye for misuse of technical vocabu-
lary and for weaknesses in presentation. I have received in-
valuable help from Professor J. C. Brice, of Washington
University, who has criticized the whole manuscript from a
geological standpoint. I am deeply indebted to my aunt, Mrs.
Norman Hapgood, for the first complete translation from the
Russian of the report of the Imperial Academy of Sciences
on the stomach contents of the Beresovka Mammoth, to Mrs.
Ilse Politzer for the translation from the German of Ein-
stein’s letter of May 3, 1953, and to Mrs. Maely Dufty for
assistance with the translation of his Foreword into English.
To many personal friends, in addition to those mentioned, I
owe thanks for encouragement and for suggestions that often
turned out to have major importance. I am indebted to John
Langley Howard for his assistance with the illustration of
this book, to Mr. Coburn Gilman, my editor, for his innum-
erable constructive suggestions and his understanding spirit,
to Mr. Stanley Abrons for his painstaking work in preparing
the Glossary, and to Mr. Walter Breen for preparing the Index.

In the final typing of the manuscript Miss Eileen Sullivan
has had to encounter and survive difficulties and frustrations
that only she and I can have an idea of. I am very gateful for
her help.

Grateful thanks are extended to all publishers and individ-
uals who have consented to the use of selections or illustra-
tions, and in particular to the following:

Columbia University Press, for quotations from George Gay-



ACKNOWLEDGMENTS 9

lord Simpson, Major Features of Evolution; Thomas Y.
Crowell Co., for a passage from Frank C. Hibben, The Lost
Americans; Dover Publications, Inc., for quotations from
Beno Gutenberg, Internal Constitution of the Earth (paper-
bound, $2.45); W. H. Freeman & Co., for quotations from
Krumbein and Sloss, Stratigraphy and Sedimentation; Alfred
A. Knopf, Inc., for quotations from Hans Cloos, Conversa-
tions With the Earth; N. V. Martinus Nijhoff’s Boekhandel
en Uitgeversmaatschappij, The Hague, for quotations from
J. H. F. Umbgrove, The Pulse of the Earth; Prentice-Hall,
Inc., for quotations from R. A. Daly, The Strength and Struc-
ture of the Earth; Science, for quotations from various issues
of this magazine; William Sloane Associates, Inc., for quota-
tions from Thomas R. Henry, The White Continent (Copy-
right 1950 by Thomas R. Henry); University of Chicago
Press, for quotations from various issues of the Journal of
Geology.

Charles H. Hapgood
Keene Teachers College,
October, 1957.



INTRODUCTION: 4 New Theory

1. Some Unsolved Problems

A few years ago a great scientist, Daly of Harvard, remarked
that geologists seem to know less about the earth than they
thought they knew when he was a young man (100). This was
an extraordinary statement, considering the very detailed
studies that have been carried out in innumerable geological
fields during his lifetime. Thousands of scientists, in all the
countries of the earth, have studied the stratified rocks and
the records of life contained in them; they have studied the
structures of mountains and reconstructed their histories;
they have studied the dynamic forces at work in the earth,
and have extended our insights to an understanding of the
features of the ocean bottoms and the deeper structures
within the earth’s crust.

Yet, despite this vast expansion of our detailed knowledge,
many of the essential facts of the earth’s development have
escaped us. The late Hans Cloos, in his Conversation with
the Earth, said, ““. . . we know only the unimportant things
and the details. Of the great slow strides of the earth’s gigantic
history we comprehend hardly anything at all” (85:84).

To begin with, the origin of the earth is itself still a matter
of dispute. Until about thirty years ago it was a generally
accepted theory that it originally condensed out of a hot gas,
and that it has been cooling and contracting ever since. This
was the “nebular theory.” In recent decades difficulties have
piled up in connection with this asshmption, and at the pres-
ent time an entirely opposite view is held by many geophysi-

NOTE: Figures referring to specific sources listed in the Bibliography (p.
$96) are inserted in parentheses throughout the text. The first number indi-
cates the correspondingly numbered work in the Bibliography, and the num-
ber following a colon indicates the page.
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cists. The new idea is that the earth may have started as a
small, cold planetesimal. It may have grown simply by attract-
ing to itself many smaller particles, such as meteorites and
meteoritic dust. It may have grown hot as a result of the
internal pressures caused by its increasing mass, and because
of the effects of the radioactivity of many bits of the matter it
picked up on its endless journey through interstellar space.

Even a cursory glance at the current literature on this sub-
ject reveals the formidable character of the challenge it pre-
sents to the old theory and indeed to the whole structure of
geological theory based upon it. Dr. Harold C. Urey reaches
the conclusion, from impressive evidence, that the earth must
have been formed at temperatures below the melting points
of silicate rocks (487:112). He quotes the opinion of Bowen
that the earth was formed as a solid (438:110). Gutenberg
refers to the work of several geophysicists who have advanced
similar views (194:191-92). Olivier argued, in 1924, that
meteoric phenomena can be understood only in terms of a
growing earth. He remarked, ‘“The planetesimal hypothesis
is the one to which we are logically led when we attempt to
explain meteoric phenomena” (3g%:272). Coleman pointed
to evidence that some of the ice ages in remote geological
periods seem to have been colder than those of the more re-
cent past (87:102). Slichter, summarizing the results of a con-

ference of chemists, geologists, and geophysicists devoted to
this subject, said,

. . . In accordance with recent theories, the earth probably has
grown by the accretion of relatively cool materials which were not
molten at the outset. The chemists strongly favored the cool type of
origin. . . . Our conceptions of the development of the primitive
earth are, to say the least, obscure. It is even uncertain whether the
earth today is cooling or heating at depth, but the odds seem to favor
the hypothesis of a heating earth (395:511-12).

Inasmuch as it seems evident that neither view of the
origin of the earth has been established, the layman is forced
to conclude that the problem of the origin of the earth is
unsolved.
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More than twenty-five years ago, the geologist William H.
Hobbs pointed out the consequences of the breakdown of
the nebular theory, so far as geology was concerned:

Far more than is generally supposed, the recent abandonment of
the nebular hypothesis to account for the origin of the universe, must
carry with it a rewriting of our science. This is particularly true of
geology, for all that concerns seismology, volcanology, and the whole
subject of the growth of continents and mountains (215:vii-viii).

But not only has there been no rewriting: actually, the
very abandonment of the nebular hypothesis has not yet
penetrated to the consciousness of the public. It is even true
that many geologists, when they are addressing their remarks
to the general public, write as if the cooling of the earth from
an original molten state had never been questioned.

Within the frame of reference of this uncertainty regarding
the earth’s beginning, most geologists today unhesitatingly
confess that we do not understand the origin of continents,
ocean basins, mountain chains, or the causes of volcanic ac-
tion. We have never solved the mystery of ice ages in the
tropics, nor the equally strange mystery of the growth of
corals and warm-climate flora in the polar zones. There is a
dispute as to whether the present climatic zones have existed
continuously from the earth’s beginning. If so, we cannot
account at all for the greater part of the fossils of plants and
animals of the past that did not live within the limits of the
present zones. If the zones have not continuously existed, no
one has been able to show what factor can have operated to
even out temperatures from pole to pole. When we turn to
the theory of evolution, we find that the unsolved problems
of origin, development, and extinction of species are many
and basic. Everybody agrees that evolution has occurred, but
nobody pretends to know how it happened. Our ideas of the
tempo at which geological change has occurred in the past
have been challenged in the most dramatic fashion by new
evidence produced by techniques of dating based on radio-
active isotopes. These new techniques have served to under-
line and emphasize the bankruptcy of the present theory of
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the earth. They have, indeed, created many more problems
than they have solved.

It became obvious to me, as I reviewed these problems, and
went back over the controversies that had marked their con-
sideration, that a sort of common denominator was present.
I examined the original sources, and here I noticed that in
the controversies that have raged among geologists over these
separate questions in the last seventy-five years, somebody
usually tried to explain the particular problem in terms of
changes in the position of the poles. This, I found, was the
common denominator. The authors of such theories, unfor-
tunately, were never able to prove their assumptions. The
opponents of the notion of polar change always managed to
point out fallacies that seemed decisive. At the same time, no
one was able to reconcile all the evidence in the different
fields with the idea that the poles have always been situated
where they are now on the earth’s surface.

The theory here presented would solve these problems by
supposing changes in the positions of the poles. Campbell has
suggested that the changes have occurred not by reason of
changes in the position of the earth’s axis, but simply through
a sliding of its crust. There is nothing new about this idea.
It has been brought forward repeatedly over the last seventy-
five years, and is advocated today by a number of scientists.
This book brings together, I hope in comprehensible form,
the evidence from many fields that argues for such shifts, evi-
dence in many cases accumulated by others. In addition, it
contains a new element. Campbell’s concept of the mecha-
nism by which movements of the earth’s crust are accounted
for is completely new, although elements of it have been con-
tributed by others.

2. Crust Displacement as a Solution

To understand what is involved in the idea of a movement,
or displacement, of the entire crust of the earth, certain facts
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about the earth must be understood. The crust is very thin.
Estimates of its thickness range from a minimum of about
twenty to a maximum of about forty miles. The crust is made
of comparatively rigid, crystalline rock, but it is fractured in
many places, and does not have great strength. Immediately
under the crust is a layer that is thought to be extremely
weak, because it is, presumably, too hot to crystallize. More-
over, it is thought that pressure at that depth renders the
rock extremely plastic, so that it will yield easily to pressures.
The rock at that depth is supposed to have high viscosity;
that is, it is fluid but very stiff, as tar may be. It is known that
a viscous material will yield easily to a comparatively slight
pressure exerted over a long period of time, even though it
may act as a solid when subjected to a sudden pressure, such
as an earthquake wave. If a gentle push is exerted horizon-
tally on the earth’s crust, to shove it in a given direction, and
if the push is maintained steadily for a long time, it is highly
probable that the crust will be displaced over this plastic and
viscous lower layer. The crust, in this case, will move as a
single unit, the whole crust at the same time. This idea has
nothing whatever to do with the much discussed theory of
drifting continents, according to which the continents drifted
separately, in different directions. The objections to the drift-
ing continent theory will be discussed later.

Let us visualize briefly the consequences of a displacement
of the whole crustal shell of the earth. First, there will be the
changes in latitude. Places on the earth’s surface will change
their distances from the equator. Some will be shifted nearer
the equator, and others farther away. Points on opposite sides
of the earth will move in opposite directions. For example, if
New York should be moved 2,000 miles south, the Indian
Ocean, diametrically opposite, would have to be shifted 2,000
miles north. All points on the earth’s surface will not move
an equal distance, however. To visualize this, the reader need
only take a globe, mounted on its stand, and set it in rotation.
He will see that while a point on its equator is moving fast,
the points nearest the poles are moving slowly. In a given
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time, a point near the equator moves much farther than one
near a pole. So, in a displacement of the crust, there is a me-
ridian around the earth that represents the direction of the
movement, and points on this circle will be moved farthest.
Two points go degrees away from this line will represent the
“pivot points” of the movement. All other points will be dis-
placed proportionally to their distances from this meridian.
Naturally, climatic changes will be more or less proportionate
to changes in latitude, and, because areas on opposite sides
of the globe will be moving in opposite directions, some
areas will be getting colder while others get hotter; some will
be undergoing radical changes of climate, some mild changes
of climate, and some no changes at all.

Along with the climatic changes, there will be many other
consequences of a displacement of the crust. Because of the
slight flattening of the earth, there will be stretching and
compressional effects to crack and fold the crust, possibly
contributing to the formation of mountain ranges. There
will be changes in sea level, and many other consequences. In
this book the potential consequences will be discussed in de-
tail, and evidence presented to show that such displacements
have frequently occurred in the earth’s history, and that they
provide an acceptable solution to the problems I have men-
tioned above.!

3. A Possible Cause of Crust Displacement

Some years ago Mr. Hugh Auchincloss Brown, an engineer,
developed a theory that great polar icecaps might shift the
poles by capsizing or careening the earth as a whole. He had a
simple idea, suggested by his engineering experience. This
was the concept of the centrifugal effect that may arise from

1To follow the argument presented in this book, the reader will find it help-
ful to use a globe. A small one will do. A globe is better than flat maps for
the purpose of following the many simultaneous changes involved in a dis-
placement of the crust.
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the rotation of a body, if the body is not perfectly centered
on its axis of rotation. Everyone has seen examples of the
operation of centrifugal force. The principle can be demon-
strated by the ordinary washing machine. I once put a heavy
rug, all rolled up into a compact ball, into a washing ma-
chine, and of course when the machine was set in motion all
the weight remained on one side of the axle. The rotation
produced a very powerful sidewise heave. The centrifugal
effect was sufficient to rip the bolts up out of what had been
a fine antique floor. Engineers know that the slightest inac-
curacy in the centering of a rapidly rotating mass, such as a
flywheel, can result in shattering the rotating body.

Brown pointed out that a polar icecap is an enormous body
placed on the earth’s surface, and not perfectly centered on
the axis of rotation. It must therefore create centrifugal
effects, tending to unbalance the earth. He called attention to
certain facts about Antarctica. Antarctica is a large continent,
about twice the size of the United States. It is almost entirely
covered by ice, and the ice is enormously thick. Antarctica
contains many great mountain chains, some of them compara-
ble to the Alps or the Rocky Mountains, but the ice is so
thick that it reaches the tops of most of them, and sweeps over
them. The ice sheet is thought to average a mile in thickness,
and it may be twice as thick in places. It may contain as much
as 6,000,000 cubic miles of ice. Much of this ice is an extra
weight on the earth’s crust because it has accumulated so fast
that there has been insufficient time for the earth’s crust to
sink and adapt to it. As we shall see, Brown’s surmise that the
Antarctic icecap has developed rapidly, and is growing even
now (rather than retreating), is well supported by much re-
cent evidence.

With respect to the eccentricity of this mass, Brown
pointed out that the earth is known to wobble slightly on its
axis. The wobble amounts to about fifty feet, and the earth
completes one wobble in about fourteen months. This means
that the whole planet, including the icecap, is always off
center by about that amount. Brown thought that this slight
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eccentricity would, because of the enormous mass of the ice-
cap, produce a great centrifugal effect tending to unbalance
the globe. He made some mathematical calculations to show
the possible magnitude of the effect. He suggested that, at
some point, the icecap would grow so large that the centrif-
ugal effect would suffice to shatter the crust in the earth’s
equatorial bulge, and permit the earth to wobble farther off
center. Then the increasing radius of eccentricity would
cause an increase of the centrifugal effect by arithmetical
progression, until the earth capsized. He likened the earth’s
equatorial bulge—its slightly greater diameter through the
equator—to a flywheel, which would be shattered by the cen-
trifugal effect of the icecap.

When I first began to study Brown’s ideas, I examined his
two basic assumptions with some care. The first was the as-
sumption of the centrifugal effect of bodies rotating off
center, and that was sound enough. The second was the
assumption that the equatorial bulge acted as a stabilizing
flywheel to keep the earth steady on its axis. The investiga-
tion of this assumption involved long research. I finally found
unequivocal support for Brown’s contention in the works of
James Clerk Maxwell and obtained further confirmation of
it in correspondence with Dr. Harlow Shapley, of the Har-
vard Observatory, Dr. Dirk Brouwer, of the Yale Observa-
tory, and Dr. Harold Jeffreys, of Cambridge University,
England.

I now sought to find, if I could, the ratio of the unstabiliz-
ing centrifugal effect of the icecap to the stabilizing effect of
the bulge. It was clear that the force of the icecap would
either have to overcome the total stabilizing centrifugal effect
of the bulge, or it would have to shatter the crust, so that the
earth could start to rotate farther off center, thereby initi-
ating a chain reaction of increasing centrifugal effects.

The first task was to estimate the centrifugal effect of the
icecap. Here I thought that Brown had committed an over-
sight, to the disadvantage of his own theory. He considered
the eccentricity of the icecap to be due to the earth’s fifty-foot
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wobble. I saw, on looking at the map, what seemed to me a
much greater eccentricity. It was obvious that the South Pole
was not at all in the center of the continent. This being so,
then the icecap, which covers virtually all the continent,
could not be centered at the pole. It seemed to me that the

90°WEST FROM GREENWICH

180°

CENTER OF GRAVITY
OF POLAR ICE CAP

96° 90'EAST FROM GREENWICH

Fig. I. The Centrifugal Effect of the Antarctic Icecap

To visualize the centrifugal effect that may be caused by the Antarctic
icecap, the reader should imagine the map of Antarctica actually rotat-
ing. The continent of Antarctica makes one complete rotation every
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first step must be to locate the geographical center of mass
of the Antarctic icecap, and then to apply the standard for-
mula used in mechanics to determine the centrifugal effect.
I asked my friend, Errol Buker, of the Springfield College
faculty, to locate the geographical center. He and later Mr.
Campbell each separately solved the problem, and obtained
closely similar results. It appeared that the center was be-
tween 3oo and 345 miles from the pole, allowing a margin
of error for the uncertainties involved in the present state of
Antarctic exploration. This, of course, involved a centrifugal
effect thousands of times greater than that which could be
derived from Brown'’s assumptions. On this basis Buker calcu-
lated the centrifugal effect, and the calculation was later re-
vised by Campbell (Chapter XI). The calculation applied to
the present Antarctic icecap only. The ice around the North
Pole could be disregarded because, except for the Greenland
cap, it is merely a thin shell of floating ice. The presence of
the Arctic Ocean prevents any thick accumulation of ice.

twenty-four hours with the rotation of the earth, and this is what causes
the centrifugal effect.

The point at the intersection of the two meridians is the South Pole.
This is one end of the axis on which the earth rotates. The small circle
drawn about this point is shown passing through an off-center point
about five degrees (or 345 miles) from the pole. This point is, so far as
we can now estimate, the geographical center of mass of the icecap,
which does not coincide with the South Pole because of the asymmetric
shape of the continent.

The two larger circles, one drawn about the pole as a center and one
drawn about the icecap’s eccentrically located center of mass, are a me-
chanical convention used by engineers to illustrate the centrifugal effects
of off-center rotation. If the map is visualized as rotating, the inner
circle drawn about the pole represents the earth in stable rotation, while
the outer circle, drawn about the center of the icecap, is undergoing
violent eccentric gyration. The eccentricity results in an outward cen-
trifugal “throw” in the direction of the meridian of 96° E. Long. The
two arrows show how the force of the earth’s rotation is transformed
into a centrifugal effect at right angles to the earth’s axis, an effect pro-
portional to the weight of the ice and the distance of its center of mass
from the axis.
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The second problem was to measure the stabilizing cen-
trifugal effect of the bulge. Since there was no record of any
work having been done previously on this problem, it was
necessary to work it all out from fundamentals. It involved
difficult physical and mathematical problems. Here I was
extremely fortunate in obtaining the generous co-operation
of several of the distinguished specialists of the United States
Coast and Geodetic Survey. They gave me a calculus with
which Mrs. Whittaker Deininger, of the Smith College fac-
ulty, obtained a quantity for the stabilizing effect of the
bulge.

Now we had two quantities that could be compared with
each other: the centrifugal effect of the icecap, tending to
upset the earth, and the stabilizing effect of the bulge. Unfor-
tunately for the theory as it then stood, it appeared that the
stabilizing effect of the bulge was greater than the eccentric
effect of the icecap by several thousand times.

There is no question that this result, had it come earlier,
would have brought the investigation to an end. But my geo-
logical research had been proceeding actively for more than
two years and had produced such impressive evidence that I
felt much opposed to the complete abandonment of the proj-
ect. I discussed the difficulty that had arisen with my friend
Campbell. It was indeed fortunate that I did so, for the solu-
tion came from him when he suggested that if the icecap did
not have sufficient force to careen the whole planet, it might
have sufficient force to displace the earth’s crust over the
underlying layers. As a sequel to this conversation, Mr.
Campbell continued to work, for a number of years, on the
implications of his suggestion. The details of his mechanism
to account for crust displacement are presented in Chapter
XI.

The hypothesis that has emerged as the result of this com-
bination of elements is distinguished by its economy of as-
sumptions. It appealed to Albert Einstein because of its
simplicity. It appeared to him that it might be possible, on
the basis of the simple common denominator of this theory
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of displacement, to solve the many complex and interrelated
problems of the earth that have so long resisted solution.

The simplicity of the idea may raise the suspicion that it
can hardly be so very new. How can anything so extremely
simple as the application of the formula for calculating cen-
trifugal effects, a formula which appears in every high-school
textbook of physics, to a polar icecap, have been completely
overlooked? This thought occurred to me, but I found to
my surprise that, despite the simplicity of the idea, it was
one that had never been investigated. When I first discussed
it with Professor Bridgman, at Harvard, he had the impres-
sion that it was a good idea; he called it a real problem, but
he said he could not believe that it had never been consid-
ered by science. He suggested that I take it up with Pro-
fessor Daly. I did so, and Professor Daly agreed that it was a
real problem, but assured me that it had never, to his knowl-
edge, been investigated. And so it turned out. I have looked
pretty far through the technical literature and have found no
studies covering it. Dr. George Sarton, the historian of sci-
ence, confirmed this finding when he wrote me that “the
combination of ideas is so new that the history of science has
nothing to contribute to its understanding” (p. §91).

This book has been written with three objectives in mind.
I have sought, in the first place, to establish beyond a reason-
able doubt that numerous displacements of the earth’s crust
have occurred. I think that this idea may now be accepted
without too much difficulty, especially in view of much recent
work in the field of terrestrial magnetism. Secondly, I have
tried to describe a mechanism to account for displacements
(this is essentially the work of Mr. Campbell) and to present
evidence showing that this mechanism alone can account for
the facts. My third purpose has been to show that the hy-
pothesis of crust displacement provides an acceptable solu-
tion of many of the problems of the earth.

It is quite natural that at first numerous objections should
be raised to this theory. In our correspondence with special-
ists the principal issues that have come up to raise doubts
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include the following: whether we have properly estimated
the magnitude of the centrifugal effect; whether there is any
layer below the crust weak enough to permit crust displace-
ment; whether the Antarctic icecap is really growing, as the
theory requires, or is in retreat; whether the centrifugal effect
we postulate would not in practice merely cause the icecap to
flow off from the Antarctic continent into the sea, rather than
transmit its push to the crust; whether the thrust of the ice-
cap, if it was transmitted to the crust, would be transmitted to
the crust as a whole, as the theory requires, or would be ab-
sorbed in local readjustments of the crust; whether, if both
the poles happened to fall in water areas, icecaps would not
cease to develop, and thus the whole process of crust displace-
ment be brought to an end; why, if crust displacements have
been frequent in geological history, there are not evidences
of more icecaps in the geological record; why, with that as-
sumption, we find some rock formations that appear to have
been undisturbed since the earliest times. All these objec-
tions, and many more, are fully, and I hope fairly, discussed
in the following chapters. Therefore, if the reader finds him-
self asking questions that do not appear to be answered, I
hope he will have patience. He may find that they are an-
swered in later parts of the book.
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The Geological Periods
(After Krumbein and Sloss, 258:15)

ERA PERIOD

Cenozoic Quaternary

Tertiary

Maesozoic Cretaceous
Jurassic
(Liassic)
Triassic
(Thaetic)

Paleozoic Permian

Pennsylvanian

(Carboniferous)

Mississippian
Devonian
Silurian
Ordovician

Cambrian

Pre-Cambrian Keweenawan
Huronian
Tamiskamian

Kewatinian

23

EPOCH

Present
Pleistocene

Pliocene
Miocene
Oligocene
Eocene

(Paleocene)



I : PAST THEORIES OF POLAR SHIFT

1. Older Theories

Of all the questions that have been debated in the sciences of
the earth, perhaps the most fundamental and the most in-
volved is that of the stability of the poles. This question has
bedevilled science for about a hundred years. Despite every
effort to establish the view that the poles have shifted during
the history of the earth, or to prove that they have not, the
controversy is just as lively today as ever. In fact, discussion
of the issue has become much more active during the last
decade. The new evidence bearing on this question, as we
shall see, now strongly favors the idea of polar shift.

When the term “polar shift” is used, it may have several
meanings. It may mean a change of the position of the earth’s
axis, with reference to the stars. Everyone has seen pictures
of the solar system, with the earth, planets, and sun shown in
relationship to one another. The earth is always shown
slightly tipped. Its axis does not run straight up and down at
right angles to the plane of the sun’s equator, but slants at
an angle.

Now, there is no doubt but that any change in the position
of this axis would be very important to us. It might mean,
for example, that the South Pole would point directly at the
sun. We would then have one hot pole and one cold pole.
The hot pole would never have any night, and the cold pole
would never have any day. The occurrence of this kind of
polar shift has seldom been supposed, for the reason that no
force capable of shifting the axis has ever been imagined,
other than, possibly, a major interplanetary collision.

A second cause of the shifting of the poles with reference to
points on the earth’s surface would be a change in the posi-
tion of the whole planet on its axis, without change of the
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position of the axis. The axis would point in the same direc-
tion—toward the same stars—but by a careening motion of
the planet other points would be brought to the poles. Not
the axis, but the whole planet, would have moved or swivelled
around. This is the sort of change proposed by Brown.

As I have already mentioned, the principal obstacle to a
shift of the earth on its axis lies in the existence of the earth’s
equatorial bulge, which acts like the stabilizing rim of a gyro-
scope. The early writers on this question, such as Maxwell
(296) and George H. Darwin (105), all recognized that a
shifting of the planet on its axis to any great extent would re-
quire a force sufficient to overcome the stabilizing effect of
the bulge. But they were unable to see what could give rise
to such a force, and dismissed the idea of a shift of the planet
on its axis as utterly impossible and, in fact, not worth dis-
cussing.

This, however, left the evidence unaccounted for, and such
evidence, from many sources, continued to accumulate. Forti-
fied by their very strong conviction that a shift of the planet
on its axis was impossible, astronomers and geologists in-
sisted that all this evidence, such as fossil corals from the
Arctic Ocean, coal beds and fossil water lilies from Spitz-
bergen, and many other evidences of warm climates in the
vicinity of both the poles, simply must be interpreted in ac-
cordance with the assumption that the poles had never
changed their positions on the face of the earth. This placed
quite a strain upon generations of geologists, but their imagi-
nations were usually equal to the task. They were fertile in
inventing theories to account for warm climates in the polar
zones at the required times, but these theories were never
based on substantial evidence. Moreover, they never ex-
plained more than a small number of the facts, while essen-
tially they conflicted with common sense. We shall have
occasion to return to them again in later chapters, where the
statements I have just made will be fully documented.

The discontent of the biologists and paleontologists, who
were constantly finding fossil fauna and flora in the wrong
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places, finally boiled over, and resulted in a number of new
theories for polar change. New proposals were.frequently ad-
vanced in the 1880’s and 189o’s and later, but they were met
by the unyielding resistance of the highest authorities, basing
themselves on the positions taken by the persons already
mentioned. Moreover, it was easy to show defects and contra-
dictions in these various theories, and to discredit them, one
after another. All the assaults were successfully beaten back,
except one.

2. The Wegener Theory

The exception proved to be the theory of Alfred von We-
gener. The latter was a good scientist, though not a geologist.
He was unwilling to be satisfied with theories that would
account for only a few of the facts. He had a passion for
broad, inclusive principles supported by tangible evidence.
He found quantities of evidence that could not, in his opin-
ion, be reconciled with the present positions of the poles.
Inasmuch as the doctrine of polar permanence (and it was a
doctrine any challenge to which evoked remarkable fury
from recognized authorities) forbade any thought that the
poles themselves had moved, or that the earth had shifted on
its axis, Wegener suggested that the continents had moved.
This would have precisely the same effect, for it would mean
that, at different times, different areas would be found at the
poles. And this was, in effect, a third way to account for shift-
ings of the geographical locations of the poles.

Wegener imagined that the continents, formed of light
granitic and sedimentary rocks, had once composed a single
land mass, but had been split and set in motion, drifting over
a plastic substratum of the continents and oceans. He thought
of this sublayer as really plastic and viscous, rather than
rigid and strong. From a vast amount of fossil evidence of
the plant and animal life of the past, he imagined that he
could reconstruct the actual paths of the continents over
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long periods of time. He proposed to explain the ice ages by
this theory; he suggested that during the last ice age in the
Northern Hemisphere, Europe and America had lain close
together near the pole but that, since then, they had drifted
apart.

Wegener’s theory had great appeal. This was not because
all of the evidence supported it, nor because its mechanics
were very plausible, but because it was the only theory that,
at the time, could make sense of the evidence of the fossil
flora and fauna.

There were a number of weaknesses in the structure of
this theory. One of these was that the evidence from different
areas, for the same geological period, would not produce
agreement as to where the poles were situated at a given time.
Chaney, for example, wrote, “It is amusing to note . . . that
in taking care of their Tertiary forests, certain Europeans
have condemned ours to freezing. . . .” (72:484).

Wegener recognized the seriousness of this difficulty:

Although the grounds for the shifting of the poles (in certain
periods of the earth’s history) are so compelling, nevertheless it can-
not be denied that all previous attempts to fix the positions of the
poles continuously throughout the whole geological succession have
always led to self-contradiction, and indeed to contradiction of so gro-
tesque a kind that it is not to be wondered at that the suspicion arises
that the assumption of the shifting of the poles is built on a fallacy
(450:94-95)-

This difficulty, basic as it was, was by no means the worst.
By various methods the knowledge of the structure of the
earth’s crust was extended, and it was finally found that the
rock under the oceans, which Wegener had thought to be
plastic enough for the continents to drift over it, is in fact
very rigid. This means that the continents cannot drift with-
out displacing a layer of rigid rock under the oceans, a layer
thought to be at least twenty miles thick and comparatively
strong. It is therefore impossible for the continents to drift.
Dr. Harold Jeffreys, the noted geophysicist, basing his opin-
ion on the evidence for a rigid and comparatively strong
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ocean floor, said, ““. . . There is therefore not the slightest
reason to believe that bodily displacements of continents
through the lithosphere are possible” (238:304; 239:346).
The lithosphere, of course, is the crust. The geophysicist
F. A. Vening Meinesz, according to Umbgrove, conclusively
proved the considerable strength of the crust under the
Pacific (430:70).

One of the arguments most frequently heard in favor of
the Wegener theory is based on the apparent correspondence
in shape between certain continents. It would seem, for ex-
ample, that South America might be fitted together with
Africa, and so on. It is claimed that this is evidence that the
two were once parts of one land mass, which must have
broken in two. It is even claimed that rock formations on
opposite sides of the Atlantic match. However, some years
ago, K. E. Caster and J. C. Mendes, two geologists who de-
sired to prove this theory, spent a vast amount of time in
South America, and travelled about 25,000 miles carrying on
field investigations in order to compare in detail the rock
formations of South America with those of Africa. Their
conclusion was that the rock formations did not prove the
theory. Neither, however, did the evidence they had found
disprove it. They added, “Only time and more facts can
settle the issue” (69:11%3). Professor Walter Bucher, former
President of the Geological Society of America, also answered
this particular point. He published a map showing the
United States as it would look if flooded up to 1,000 feet
above the present sea level. The map shows that the eastern
and western sides of the resulting inland sea correspond
(57:459). Thus, if the sea were there now, it would look as
if the two parts of North America had drifted apart. An alter-
native explanation of such parallel or corresponding features
will be suggested in a later chapter.

Another objection to the Wegener theory is that it assumes
that the sea bottoms are smooth plains. This assumption is
necessary for the theory, for otherwise the continents could
not drift over the ocean basins. As the result of the oceano-
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graphic work of recent years, it has been discovered, in con-
tradiction to this, that there are mountain ranges on the
bottoms of all the oceans, and that some of these ranges are
comparable in size to the greatest mountain ranges on land.
Furthermore, several hundred volcanic mountains have been
discovered spread singly over the ocean floors, many of them
apparently of great age.

The Wegener theory involved the corollary that, as the
continents had drifted very slowly across the smooth ocean
floors, these floors had accumulated sediment to great thick-
nesses. It was thought that this sediment should provide an
unbroken record for the whole period of geological time
since the formation of the oceans. The greatest surprise of
recent oceanographic exploration, however, has been the
discovery that this supposed layer of sediment is nonexistent.
The layer of sediment on the ocean bottom is uneven, in
some places only a few feet or a few inches thick, and is rarely
of great thickness. The matter of submarine sediments will be
discussed more fully in later chapters.

Another startling contradiction to the Wegener theory is
presented by recent data that have drastically changed our
former ideas regarding the date of the last ice age in North
America. We have learned, through the new technique of
radiocarbon dating, that this ice age ended only 10,000 years
ago. In Wegener’s time it was considered by geologists that
the ice age came to an end at least 30,000 years ago. Since
Wegener supposed that Europe and North America had been
situated close together and not far from the pole during the
ice age, the new data have the effect of requiring an incredi-
ble rate of continental drift. Three thousand miles of drift
in 10,000 years would amount to about 1,500 feet a year.
Furthermore, movement at something like this rate must
still be going on, for the momentum of a continent in motion
would be tremendous. And what would be the consequence
of a continuing movement at this rate? It would mean that
oceanic charts would have to be revised every few years, and
that shipping companies would have frequently to augment
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their fares, because of the ever-increasing distance between
America and Europe.

To cap the case, Gutenberg has shown that the various
forces that Wegener depended upon to move the continents
are either nonexistent or insufficient (194:209), while another
geophysicist, Lambert, has stated that they amount to only
one millionth of what would be required (64:162).

It is interesting to note that despite the quite overwhelm-
ing character of these objections, attempts are still made to
rehabilitate or rescue the Wegener theory. Daly attempted,
some years ago, to find a better source of energy for moving
the continents (98); Hansen cleverly suggested that the centrif-
ugal effects of icecaps might have moved the continents
(199). A contemporary Soviet plant geographer, while recog-
nizing the objections, nevertheless remarked of the Wegener
theory that “it, nevertheless, constitutes the only plausible
working hypothesis upon which the historical plant geogra-
pher may base his conclusions” (463). As recently as 1950
the British Association for the Advancement of Science di-
vided about equally, by vote, for and against the Wegener
theory (351).

This continuing interest in a theory that contains so many
and such serious difficulties is eloquent confirmation of the
insistent pressure of the evidence in favor of polar shifts. It
seems clear that the only reason for the continuing reluctance
to accept polar shifts is the absence of an acceptable mecha-
nism to account for them. The Wegener theory, despite its
appeal, was never generally accepted by scientists, who have
remained, as a body, until very recently, opposed to any sug-
gestion of polar shifts.

We must briefly consider the results of this impasse. The
failure, over a long period of time, of successive proposals to
account for polar change made it impossible for scientists to
accept the field evidence, and to evaluate it on its merits.
With no acceptable theory to account for changes in the posi-
tions of the poles, it was natural that such changes should
be looked upon as impossible. With each successive failure
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of a proposed theory, the reigning doctrine of the fixity of
the poles was reinforced. As time passed this doctrine became
deeply ingrained, so that all one needed to do to be labelled
a crank was to suggest the possibility of polar changes.

There have been two principal consequences of this en-
thronement of doctrine. In the first place, the evidence
amassed by those who had been led to attack it was quietly
put aside. A part of the evidence was ingeniously explained
away; most of it was simply ignored. The volumes contain-
ing it slept on the back shelves, or even in the storage rooms,
of the libraries, gathering dust. For several years now I have
been busy taking out and dusting off these old books, drag-
ging the skeletons from the closets, and finding much au-
thentic and incontrovertible evidence that changes of the
geographical locations of the poles have occurred at com-
paratively short intervals during at least the greater part of
the history of the earth.

The other consequence of the reigning dogma was the in-
vention of theories to explain those facts that did not fit and
could not be ignored. One such theory, already alluded to,
was that climates were once virtually uniform from pole to
pole; that there were mild, moist conditions enabling water
lilies and magnolias to bloom in the long night under the
Pole Star. No way of accounting for this was ever supported
by a halfway reasonable display of evidence. Nevertheless,
such was the magic of the dogma of the fixity of the poles
that it was accepted, and is still accepted, by a considerable
section of the scientific world. The sum total of the contra-
dictions in this theory, and in the various theories advanced
to explain ice ages, mountain formation, the history of conti-
nents and ocean basins, or evolutionary theory. will appear,
as we proceed, to be essentially the result of the impasse be-
tween the evidence and the doctrine of the fixity of the poles.
The necessity of reconciling the constantly accumulating
facts in a number of fields with a basic error has produced a
multiplicity of theories which are, in fact, a veritable cloud
castle of conjectures, without substance.
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3. New Proposals of Polar Shift

Since truth cannot be suppressed forever, it was inevitable
that accumulating facts should eventually bring the polar
issue again into the foreground. Gutenberg suggested that
while continents cannot drift, perhaps they can creep (194:
211). The British astronomer Gold postulated that the earth’s
wobble on its axis could cause a plastic readjustment of its
mantle sufficient to move the poles go degrees in a million
years (176). The French geographer Jacques Blanchard sug-
gested the possibility of extensive polar changes due to more
pronounced wobbling of the earth in the past (38). Ting Ying

' H. Ma, of Formosa, raised the idea of a combination of conti-
nental drift with displacement of the outer shells of the
earth (285-290). Bain thought of displacements of the crust
to account for facts of ancient plant geography and fossil soils
and suggested a mechanism to try to account for them (18).
Pauly (342) revived the suggestion made by Eddington (124)
that the earth’s crust may have been displaced by the effects of
tidal friction. Kelly and Dachille, in a provocative work on
collision geology entitled Target Earth, offered the hypothesis
of displacements of the earth’s crust as the result of collisions
with planetoids (248).

The most important recent contribution to the controversy
has certainly been the evidence produced by geophysicists in-
vestigating terrestrial magnetism. This new evidence is so im-
pressive that it has brought about a reversal of opinion in high
geological quarters on the question of the permanence of the
poles. One of the leading specialists in this field, Dr. J. W,
Graham, has recently remarked:

. . . Within the past couple of years there have appeared a num-
ber of serious papers dealing with the subject of polar wanderings by
which is meant a shift of the geographic features of the earth’s surface
with respect to the axis of spin. Classical geophysical treatments of
the type pioneered by Sir George H. Darwin early in this century
have been re-examined in the light of our more recent knowledge of
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the earth and its properties, and the conclusion is reached that,
whereas polar wandering was formerly considered impossible, it now
seems to some, at least, inevitable. These re-examinations were in-
spired by deductions based on the rock magnetism studies of the past
few years (428:86).

In 1954 the results of one of these studies were made pub-
lic by the British scientists Clegg, Almond, and Stubbs. They
found impressive evidence of changed directions of the earth’s
magnetic field in past periods and concluded:

Finally, it seems therefore that the most likely explanation of the
observed horizontal direction of magnetization of the sediments
studied is that the whole land mass which now constitutes England
has rotated clockwise through 34° relative to the earth’s geographical
axis. . . .

If such a rotation of England occurred, it could have been a local
movement of a part only of the earth’s crust, or alternately, the earth’s
mantle could have moved as a rigid whole relative to the geographical
poles. The first hypothesis would consider the rotation either as a
purely local movement or as part of a drift of large continental land
masses. The second would adduce pole wandering as the operative
mechanism. . . . (81:596).

Many speculations regarding polar changes are being put
forward at the present time without suggesting any mecha-
nism. Thus, in recent months Soviet scientists writing for the
newspaper Red Star had the North Pole situated at 55° N.
Lat. 60,000,000 years ago, and in the Pacific to the southwest
of Southern California 300,000,000 years ago, while in this
country Munk and Revelle suggested that the South Pole
was once over Africa (315).

Needless to say, none of these concepts has been brought
forward without evidence. The evidence is converging from
many directions, with an effect of the confluence of many
rivers into one mighty torrent. The summary of the evidence
is the business of the following chapters.



II : THE ICE AGES

The evidence for displacements of the earth’s crust is, as I
have said, scattered over many parts of the earth, and comes
from several fields of science. No other field, however, fur-
nishes so dramatic a confirmation of it as glacial geology.
Much new evidence has recently become available to supple-
ment the older data relating to ice ages.

1. The Failure of the Older Theories

A little more than a hundred years ago people were aston-
ished at the suggestion that great ice sheets, as much as a
mile thick, had once lain over the temperate lands of North
America and Europe. Many ridiculed the idea, as happens
with new ideas in every age, and sought to discredit the evi-
dence produced in favor of it. Eventually the facts were estab-
lished regarding an ice age in Europe and in North America.
People later accepted the idea of not one but a series of ice
ages. As time went on evidences were found of ice ages on
all the continents, even in the tropics. It was found that ice
sheets had once covered vast areas of tropical India and equa-
torial Africa.

From the beginning, geologists devoted much attention to
the possible cause of such great changes in the climate. One
theory after another was proposed, but, as the information
available gradually increased, each theory in turn was found
to be in conflict with the facts, and as a consequence had to
be discarded. In 1929, Coleman, one of the leading author-
ities on the ice ages, wrote:

Scores of methods of accounting for ice ages have been proposed,
and probably no other geological problem has been so seriously dis-
cussed, not only by glaciologists, but by meteorologists and biologists;
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yet no theory is generally accepted. The opinions of those who have

written on the subject are hopelessly in contradiction with one

another, and good authorities are arrayed on opposite.sides. . .

(87:246).

Recent writers, such as Daly (98:257), Umbgrove (429:285),
and Gutenberg (194:205), agree that the situation described
by Coleman is essentially unchanged. In January, 1953, Pro-
fessor J. K. Charlesworth, of Queen’s University, Belfast,
expressed the opinion that

The cause of all these changes, one of the greatest riddles in geolog-
ical history, remains unsolved; despite the endeavors of generations of
astronomers, biologists, geologists, meteorologists and physicists, it
still eludes us (75:3).

A volume on climatic change, edited by Dr. Harlow
Shapley (375), while introducing minor refinements in var-
ious theories, in no way modifies the general effect, which is
that down to the present time the theorizing about the causes
of ice ages has led nowhere.

2. The Misplaced Icecaps

One problem that writers on the ice ages have attempted to
solve, sometimes in rather fantastic ways, but without suc-
cess, is that of the wrong location of the great icecaps of the
past. These icecaps have refused to have anything to do with
the polar areas of the present day, except in a quite inci-
dental fashion.

Originally it was thought that in glacial periods the ice-
caps would fan out from the poles, but then it appeared that
none of them did so, except the ones that have existed in
Antarctica. Coleman drew attention to the essential facts, as
follows:

In early times it was supposed that during the glacial period a vast
ice cap radiated from the North Pole, extending varying distances
southward over seas and continents. It was presently found, however,
that some northern countries were never covered by ice, and that in



36 EARTH’S SHIFTING CRUST

reality there were several more or less distinct ice sheets starting from
local centers, and expanding in all directions, north as well as east
and west and south. It was found, too, that these ice sheets were dis-
tributed in what seemed a capricious manner. Siberia, now including
some of the coldest parts of the world, was not covered, and the same
was true of most of Alaska, and the Yukon Territory in Canada;
while northern Europe, with its relatively mild climate, was buried
under ice as far south as London and Berlin; and most of Canada
and the United States were covered, the ice reaching as far south as
Cincinnati in the Mississippi Valley (87:7-9).

With regard to an earlier age (the Permo-Carboniferous),
Coleman emphasized that the locations of the icecaps were
even further out of line:

Unless the continents have shifted their positions since that time,
the Permo-Carboniferous glaciation occurred chiefly in what is now
the southern temperate zone, and did not reach the arctic regions at
all (87:90).

He is much upset by the fact that this ice age apparently did
not affect Europe:

Unless European geologists have overlooked evidence of glaciation
at the end of the Carboniferous or at the beginning of the Permian,
the continent escaped the worst of the glaciation that had such over-
whelming effects on other parts of the world. A reason for this exemp-
tion is not easily found (87:96).

One of the most extraordinary cases is that of the great ice
sheet that covered most of India in this period. Geologists are
able to tell from a careful study of the glacial evidences in
what direction an ice sheet moved, and in this case the ice
sheet moved northward from an ice center in southern India
for a distance of 1,100 miles. Coleman comments on this as
follows:

Now, an ice sheet on level ground, as it seems to have been in
India, must necessarily extend in all directions, since it is not the
slope of the surface it rests on that sets it in motion, but the thickness
of the ice towards the central parts. .

The Indian ice sheet should push southward as well as northward.
Did it really push as far to the south of Lat. 17° as to the north? It
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extended 1100 miles to the Salt Range in the north. If it extended the
same distance to the south it would reach the equator (87:110-11).

The great South African geologist A. L. du Toit pointed
out that the icecaps of all geological periods in the Southern
Hemisphere were eccentric as regards the South Pole, just
as the Pleistocene icecaps were eccentric with regard to the
North Pole (87:262). Isn’t it extraordinary that the Antarctic
icecap, which we can actually see because it now exists, is the
only one of all these icecaps that is found in the polar zone,
where it ought to be?

Dr. George W. Bain, a contemporary writer to whom I
shall refer again, has pointed out a very interesting feature
of the great icecap that existed in the Permo-Carboniferous
Period right in the center of tropical Africa—in the Congo.
He has observed that the icecap, apparently, was asymmetric
in shape: it spread from its center of origin much farther in
one direction than in another (18:46). This is reconcilable
with our theory, which depends upon the asymmetry of ice-
caps. It seems that this African ice sheet reached the present
equator.

Coleman, who did a great deal of field work in Africa and
India, studying the evidences of the ice ages there, writes in-
terestingly of his experiences in finding the signs of intense
cold in areas where he had to toil in the blazing heat of the
tropical sun:

On a hot evening in early winter two and a half degrees within the
torrid zone amid tropical surroundings it was very hard to imagine
the region as covered for thousands of years with thousands of feet
of ice. The contrast of the present with the past was astounding, and
it was easy to see why some of the early geologists fought so long
against the idea of glaciation in India at the end of the Carboniferous
(87:108).

Some hours of scrambling and hammering under the intense
African sun, in lat. 27° ¥, without a drop of water, while collecting
striated stones and a slab of polished floor of slate, provided a most
impressive contrast between the present and the past, for though
August 27th is still early Spring, the heat is fully equal to that of a
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sunny August day in North America. The dry, wilting glare and
perspiration made the thought of an ice sheet thousands of feet thick
at that very spot most incredible, but most alluring (87:124).

When these facts were established, geologists sought to ex-
plain them by assuming that, at periods when these areas
were glaciated, they were elevated much higher above sea
level than they are now. Theoretically, even an aréa near
the equator, if elevated several miles above sea level, would
be cold enough for an ice sheet. What made the theory plausi-
ble was the well-known fact that the elevations of all the
lands of the globe have changed repeatedly and drastically
during the course of geological history. Unfortunately for
those who tried to explain the misplaced icecaps in this way,
however, Coleman showed that they reached sea level, within
the tropics, on three continents: Asia, Africa, and Australia
(87:129, 134, 140, 168, 183). At the same time, W. J. Hum-
phreys, in his examination of the meteorological factors of
glaciation, made the point that high elevation means less
moisture in the air, as well as lowered temperature, and is
therefore unfavorable for the accumulation of great icecaps
(232:612-13).

3. World-wide Phases of Cold Weather

A widely accepted assumption with which contemporary
geologists approach the question of ice ages is that the latter
occurred as the result of a lowering of the average tempera-
ture of the whole surface of the earth at the same time. This
assumption has forced them to look for a cause of glacial
periods only in such possible factors as could operate to cool
the whole surface of the earth at once. It has also compelled
them to maintain the view that glacial periods have always
been simultaneous in the Northern and Southern Hemi-
spheres.

It is remarkable that this assumption has been maintained
over a long period of time despite the fact that it is in sharp
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conflict with basic principles of physics in the field of meteor-
ology. The basic conflict was brought to the attention of
science at least seventy years ago; it has never been resolved.
It consists essentially of the fact that glacial periods were
periods of heavier rainfall in areas outside the regions of the
ice sheets, so that this, together with the deep accumulations
of ice in the great ice sheets, must have involved a higher
average rate of precipitation during ice ages. There is a great
deal of geological evidence in support of this. Only recently,
for example, Davies has discussed the so-called “pluvial”
periods in Africa, and has correlated them with the Pleisto-
cene glacial periods (10%).

Now, meteorologists point out that if precipitation is to be
increased, there has to be a greater supply of moisture in the
air. The only possible way of increasing the amount of
moisture in the air is to raise the temperature of the air.
It would seem, therefore, that to get an ice age one would
have to raise, rather than lower, the average temperature.
This essential fact of physics was pointed out as long ago as
1892 by Sir Robert Ball, who quoted an earlier remark by
Tyndall:

. . . Professor Tyndall has remarked that the heat that would be
required to evaporate enough water to form a glacier would be suffi-
cient to fuse and transform into glowing molten liquid a stream of
cast iron five times as heavy as the glacier itself (20:108).

William Lee Stokes has again called attention to this un-
solved problem in his recent article entitled “Another Look
at the Ice Age”:

Lowering temperatures and increased precipitation are considered
to have existed side by side on a world-wide scale and over a long
period in apparent defiance of sound climatological theory. Among
the many quotations that could be cited reflecting the need for a
more comprehensive explanation of this difficulty the following seems
typical.

“In the Arequipa region [of Peru], as in many others in both hemi-
spheres where Pleistocene conditions have been studied, this period
appears to have been characterized by increased precipitation as well
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as lowered temperatures. If, however, precipitation was then greater
over certain areas of the earth’s surface than it is at present, a corol-
lary seems to be implied that over other large areas evaporation was
greater than normal to supply increased precipitation, and hence in
these latter areas the climate was warmer than normal. This seems at
first to be an astonishing conclusion. . . . We might propose the
hypothesis that climatic conditions were far from steady in any one
area, but were subject to large shifts, and that intervals of ameliorated
conditions in some regions coincided with increased severity in others.
The Pleistocene, then, may have been a period of sharper contrasts
of climate and of shifting climates rather than a period of greater
cold” (405:815-16).

From a number of points of view, the foregoing passage is
extremely remarkable. Stokes recognizes the fact that the
basic assumption of contemporary geologists regarding the
glacial periods is in conflict with the laws of physics. Then, in
the passage he quotes, he draws attention to the implications,
which seem to point directly to crust displacement, for in
what other way can we explain how one part of the earth’s
surface was colder and another, at the same time, warmer
than at present?

One of the arguments that is advanced in support of the
assumption of world-wide periods of colder weather (which
remains the generally accepted assumption of glaciologists)
has its basis in geological evidence purporting to prove that
ice ages occurred simultaneously in both hemispheres. A
decade ago, however, Kroeber pointed to the essential weak-
ness of this geological evidence, when he showed the difficulty
of correlating stratified deposits of different areas with each
other:

. . . There is plenty of geologic evidence, in many parts of the
earth, of changes of climates, especially between wet and dry areas;
and some of these happened in the Pleistocene. But the correlation of
such changes as they occurred in widely separated regions, and espe-
cially as between permanently ice-free and glaciated areas, is an intri-
cate, tricky, and highly technical matter, on which the anthropological
student must take the word of geologists and climatologists, and these
are by no means in agreement. They may be reasonably sure of one
series of climatic successions in one region, and of another in a second
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or third region; but there may be little direct evidence on the corre-
spondence of the several series of regional stages, the identification of
which then remains speculative (257:650).

At the time that Kroeber remarked on the difficulty of
correlating climatic changes in different parts of the world,
we were not yet in possession of the data recently provided by
the new techniques of radiocarbon and ionium dating, which
will be discussed below. The effect of the new data has been
to shorten very greatly our estimate of the duration of the
last North American ice age. This estimate has been reduced,
in the last few years, from about 150,000 years to about
25,000 years, or by five sixths. Now, if we adopt the view that
ancient glaciations, of which we know little, may reasonably
be considered to have been the results of the same causes
that brought about the North American ice age, then we
must grant that they, too, were of short duration. But if this
is true, how is it possible to establish the fact that they were
contemporary in the two hemispheres? A geological period
has a duration of millions of years. An ice age in Europe and
one in Australia might both be, for example, of Eocene age,
but the Eocene Epoch is estimated to have lasted about 15,
000,000 years. We can discriminate roughly between strata
dating from the early, middle, or late Eocene, but we have no
way of pinpointing the date of any event in the Focene. Even
with the new techniques of radiodating now being applied
to the older rocks, it is possible to determine dates only to
within a margin of error of about a million years. How, then,
is it possible to determine that an ice sheet in one hemisphere
was really contemporary with an ice sheet or an ice age in
the other?

The attempt to maintain the assumption of the simultane-
ousness of glaciations for the older geological periods is mani-
festly absurd. I shall show in what follows that it is equally
absurd for the recent geological time. It is my impression
that the material evidence for the assumption was never im-
pressive, and that the assumption was never derived em-
pirically from the evidence but was borrowed a priori from
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the parent assumption, that is, the assumption of the lower-
ing of global temperatures during ice ages, which assumption
is, as already pointed out, in conflict with the laws of physics.

If it is true that the fundamental assumption underlying
most of the theories produced to explain ice ages is in error,
we should expect that these theories, despite their many
differences, would have a common quality of futility, and so
it turns out. It is interesting to list the kinds of hypothetical
causes that have been suggested to explain ice ages on the
assumption of a world-wide lowering of temperature. They
are as follows:

a. Variations in the quantity of particle emission and of
the radiant heat given off by the sun.

b. Interception of part of the sun’s radiation by clouds
of interstellar gas or dust. '

c. Variations in the heat of space; that is, the temperature
of particles floating in space which, entering the earth’s
atmosphere, might affect its temperature.

d. Variations in the quantities of dust particles in the at-
mosphere, from volcanic eruptions or other causes, or
variations in proportion of carbon dioxide in the at-
mosphere.

The objections to these suggestions are all very cogent. So
far as the variation of the sun’s radiation is concerned, it is
known that it varies slightly over short periods, but there is
no evidence that it has ever varied enough, or for a long
enough time, to cause an ice age. Evidence for the second and
third suggestions is entirely lacking. The fourth suggestion is
deprived of value because, on the one hand, no causes can
be suggested for long-term changes in the number of erup-
tions or in the atmospheric proportion of carbon dioxide,
and, on the other, there is insufficient evidence to show that
the changes ever occurred.

I should make one reservation with regard to the fourth
suggestion. There is one event that would provide an ade-
quate cause for an increase in the atmosphere of both vol-



THE ICE AGES 48

canic dust and carbon dioxide, and that is a displacement of
the crust. The extremely far-reaching consequences of a dis-
placement of the crust with respect to atmospheric condi-
tions, and the importance of the atmospheric effects of a
displacement for other questions, will be discussed in Chap-
ters VII and VIII.

The theories listed above were attacked by Coleman, who

complained that they were entirely intangible and unprov-
able. He said:

Such vague and accidental causes for climatic change should be
appealed to only as a last resort unless positive proof some time be-
comes available showing that an event of the kind actually took
place (87:282).

Another group of theories attempts to explain ice ages as
the results of changes in the positions of the earth and the
sun. These are of two kinds: changes in the distance between
the earth and the sun at particular times because of changes
in the shape of the earth’s orbit, and changes in the angle of
inclination of the earth’s axis, which occur regularly as the
result of precession. The argument that precession was the
cause of ice ages was advanced by Drayson in the last century
(11%7). The argument based on these astronomical changes
has been brought up to date in the recent work of Brouwer
and Van Woerkom (§75:147-58) and Emiliani (132). It now
seems that these astronomical changes may produce cyclical
changes in the distribution of the sun’s heat, and perhaps in
the amount of the sun’s heat retained by the earth, but it is
agreed, by Emiliani and others, that by itself the insolation
curve or net temperature difference would not be sufficient
to cause an ice age without the operation of other factors,
and so Emiliani suggests that perhaps changes in elevation
coinciding with the cool phases of the insolation curve may
have caused the Pleistocene ice ages. One weakness of this
suggestion is, of course, the necessity to suppose two inde-
pendent causes for ice ages.

There is another objection to be advanced against all



44 EARTH’S SHIFTING CRUST

theories supposing a general fall of world temperatures during
the ice ages. We have seen that ice ages existed in the tropics
and that great icecaps covered vast areas on and near the
equator. This happened not once, but several times. The
question is, if the temperature of the whole earth fell enough
to permit ice sheets a mile thick to develop on the equator,
just where did the fauna and flora go for refuge? How did
they survive? How did the reef corals, which require a mini-
mum sea-water temperature of 68° F. throughout the year,
manage to survive? We know that the reef corals, for ex-
ample, existed long before the period of the tropical ice
sheets. Furthermore, we know that the great forests of the
Carboniferous Period, which gave us most of our coal, lived
both earlier than and contemporarily with the glaciations of
Africa and India, though in different places. Obviously, this
would have been impossible if the temperature of the whole
earth had been simultaneously reduced, for the equatorial
zone itself would have been uninhabitable while all other
areas were still colder. It is small wonder that W. B. Wright
insisted, over a quarter of a century ago, that the Permo-
Carboniferous ice sheets in Africa and India were proof of a
shift of the poles (461).

4. The New Evidence of Radiocarbon Dating

The problem of the causes of ice ages has been still further
complicated by a recent revolution in our methods of dating
geological events. In the course of the last ten years all of
our ideas regarding the dating of the recent ice ages, their
durations, and the speed of growth and disappearance of the
great ice sheets have been transformed. This is altogether the
most important new development in the sciences of the earth.
The repercussions in many directions are most remarkable.

In order to get an idea of the extent of the change, let us
see what the situation was only ten years ago. As everybody is
aware, geologists are used to thinking in terms of millions of
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years. To a geologist a period of 1,000,000 years has come
to mean almost nothing at all. He is actually used to thinking
that events that took place somewhere within the same 20,
000,000-year period were roughly contemporaneous. As to
the ice ages, the older ones were simply thrown into one of
these long geological periods, but there was no way to de-
termine their durations (except very roughly), their speeds
of development, or precisely when they happened. It was
convenient to assume that they had endured for hundreds of
thousands or for millions of years, though no real evidence
of this existed. A good instance is that of the Antarctic ice-
cap, of which we shall hear more below.

So far as the most recent division of geologic time, the
Pleistocene, was concerned, geologists, with much more evi-
dence to work from, saw that there had been at least four ice
ages in a period of about 1,000,000 years. They consequently
proposed the idea that the Pleistocene was not at all like
previous periods. It was exceptional, because it had so many
ice ages. They may have been misled by failure to take suffi-
cient account of the fact that glacial evidence is very easily
destroyed, and that, as we go further back into geological
history, the mathematical chances of finding evidences of
glaciation, never very good, decrease by geometrical progres-
sion.

Down to ten years ago—and, indeed, until 1951—it was the
considered judgment of geologists that the last ice age in
North America, which they refer to as the Wisconsin glacia-
tion, began about 150,000 years ago, and ended about 30,000
years ago.

This opinion appeared to be based upon strong evidence.
The estimates of the date of the end of the ice age were sup-
ported by the careful counting of clay varves (6) and by
numerous seemingly reliable estimates of the age of Niagara
Falls. As a consequence, experts were contemptuous of all
those who, for one reason or another, attempted to argue that
the ice age was more recent. One of these was Drayson, whose
theory called for a very recent ice age. His followers produced
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much evidence, but it was ignored. When the Swedish scien-
tist Gerard de Geer established by clay varve counting that
the ice sheet was withdrawing from Sweden as recently as
13,000 years ago, the implications were not really accepted,
nor were his results popularly known. Books continued to ap-
pear, even thirty years afterwards, with the original estimates
of the age of the icecap.

Then, following World War II, nuclear physics made pos-
sible the development of new techniques for dating geolog-
ical events. One of these was radiocarbon dating.

The method of radiocarbon dating was developed by
Willard F. Libby, nuclear physicist of the University of Chi-
cago, now a member of the United States Atomic Energy
Commission. It uses an isotope of carbon (Carbon 14) which
has a “half-life” of about 5,568 years (115:75). A “half-life”
is the period during which a radioactive substance loses half
its mass by radiation. Among the very numerous artificial
radioactive elements created in nuclear explosions some have
half-lives of millionths of seconds; others, occurring in na-
ture, have half-lives of millions of years. For geological dating
it is necessary to have radioactive elements that diminish sig-
nificantly during the periods that have to be studied, and
that occur in nature.

Since radiocarbon exists in nature, and has a relatively
short half-life, the quantity of it in any substance containing
organic carbon will decline perceptibly in periods of a few
centuries. By finding out how much carbon was contained
originally in the specimen and then measuring what still re-
mains, the date can be found to within a small margin of
error.

When this method was first developed by Libby, it could
date anything containing carbon of organic origin back to
about 20,000 years ago. Since then the method has been im-
proved, through the efforts of many scientists, and its range
has been nearly doubled.

The first major result of the radiocarbon method was the
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revelation that the last North American ice sheet had indeed
disappeared at a very recent date. Tests made in 1951 showed
that it was still advancing in Wisconsin as recently as 11,000
years ago (272:105); later tests indicated that the maximum
of the ice advance may have been a thousand years later than
that. When these dates are compared with other dates show-
ing the establishment of a climate like the present one in
North America, it seems that most of the retreat and disap-
pearance of the great continental icecap (with its 4,000,000
square miles of ice) can have taken little more than two or
three thousand years. '

What is the significance of this new discovery, besides
showing how wrong the geologists had been before? The fact
is that so sudden a disappearance of a continental icecap
raises fundamental questions. It endangers some basic as-
sumptions of geological science. What has become of those
gradually acting forces that were supposed to govern glacia-
tion as well as all other geological processes? What factor can
account for this astonishing rate of change? It seems self-
evident that no astronomical change and no subcrustal
change deep in the earth can occur at that rate.

When this discovery was made, I expected that the next
revelation must be to the effect that the Wisconsin ice sheet
had had its origin at a much more recent time than was sus-
pected, and that the whole length of the glacial period was
but a fraction of the former estimates. I had a while to wait,
because radiocarbon dating in 1951 was not able to answer
the question. By 1954, however, the technique had been im-
proved so that it could determine dates as far back as 30,000
years ago. Many datings of the earlier phases of the Wisconsin
glaciation were made, and Horberg, who assembled them,
reached the conclusion that the icecap, instead of being 150,-
000 years old, had appeared in Ohio only 25,000 years ago
(222:2%78-86). This conclusion has been so great a shock to
contemporary geology that some writers have sought to evade
the clear implications, by questioning the radiocarbon meth-



48 EARTH’S SHIFTING CRUST

od. Horberg betrays evidence of the intensity of the shock
to accepted beliefs when he says that the results of the evi-
dence are so appalling from the standpoint of accepted theory
that it may be necessary either to abandon the concept of
gradual change in geology or to question the radiocarbon
method.

In this book I am not going to question the general re-
liability of the radiocarbon method. I intend merely to ques-
tion the theories with which the new evidence conflicts. Dr.
Horberg says that the necessity to compress all the known
stages of the Wisconsin glaciation into the incredibly short
period of barely 15,000 or 20,000 years involves an accel-
eration of geological processes—snowfall, rainfall, erosion,
sedimentation, and melting—that seems to challenge the prin-
ciple laid down by the founder of modern geology, Sir
Charles Lyell, over a century ago. Lyell’s principle, called
“uniformitarianism,” was that geological processes have al-
ways gone on about as they are going on now.

The Wisconsin icecap went through a number of oscilla-
tions, warm periods of ice recession alternating with cold
periods of ice readvance. Horberg is at a loss to see what
could cause them to occur at the velocity required by the
radiocarbon dates. Allowing for extra time for ice growth be-
fore the evidence of massive glaciation in Ohio 25,000 years
ago, Horberg manages to expand this 15,000 years to 25,000
for the duration of the glacier, but this does not solve his
problem. Even so, the radiocarbon dates seem to require an
annual movement of the ice front of 2,005 feet, “two to nine
times greater than the rate indicated by varves and annual
moraines” (222:283).

The fact that these new facts call into question some basic
ideas in geology is recognized by Horberg:

Probably only time and the progress of future studies can tell
whether we cling too tenaciously to the uniformitarian principle in
our unwillingness to accept fully the rapid glacier fluctuations evi-
denced by radiocarbon dating (222:285).
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Recent geological literature shows that a rather desperate
effort is being made to blur the significance of the new data.
We will return to this question later. Here I would like to
suggest some far-reaching implications of these facts. We have
seen an ice sheet appear and disappear in—geologically speak-
ing—a twinkling of an eye. There are three deductions to be
made:

a. Any theory of ice ages must give a cause that can operate
so fast.

b. If the last icecap in North America appeared and disap-
peared in 25,000 years, we cannot assume that the an-
cient icecaps lasted for longer periods.

c. If other geological processes are correlated with ice ages,
then their tempo must also have been faster than we
have supposed, and a cause must be found for their
accelerated tempo.

In later chapters we shall see that a displacement of the
crust must accelerate these geological processes.

5. The New Evidence from Antarctica

Another kind of radioelement dating has provided us with
new data as revolutionary in their implications as the data
produced by the radiocarbon method. This is referred to as
the radioelement inequilibrium method or (for short) the
ionium method of dating. It was developed by Dr. W. D.
Urry and Dr. C. S. Piggott, of the Carnegie Institution of
Washington, before World War II (439, 440). In recent years
it has been widely applied in oceanographic research by both
American and foreign scientists.

The ionium method is used with sea sediments. It is based
upon three radioactive elements, uranium, ionium, and
radium, which are found in sea water and in sea sediments,
and that decay at different rates. As the result of the different
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rates of decay, the proportions of the three elements in a
sample of sediment change with time, and thus it is possible,
by measuring the remnant quantities of the three elements,
to date the samples. The samples are obtained by taking long
cores from the bottom of the sea. A core is obtained by lower-
ing a coring tube from a ship. It pierces the bottom sediments
and obtains a cross section of them. The ionium method per-
mits dating back as far as about 300,000 years.

Among the materials first dated by Urry’s method were
some long cores that had been taken from the bottom of the
Ross Sea in Antarctica by Dr. Jack Hough during the Byrd
expedition of 1947-48. These cores showed alternations in
types of sediment. There was coarse glacial sediment, as was
expected, and finer sediment of semiglacial type, but there
were also layers of fine sediment typical of temperate climates.
It was the sort of sediment that is carried down by rivers from
ice-free continents. Here was a first surprise, then. Temper-
ate conditions had evidently prevailed in Antarctica in the
not distant past. The sediment indicated that not less than
four times during the Pleistocene Epoch, or during the last
million years, had Antarctica enjoyed temperate climates. (See
Figure XI, p. 306.)

Then, when this material was dated by Dr. Urry, it became
plain that the numerous climatic changes had occurred at
very short intervals. Moreover, it appeared that the last ice
age in Antarctica started only a few thousand years ago.
Hough wrote: -

The log of core N-p5 shows glacial marine sediment from the pres-
ent to 6,000 years ago. From 6,000 to 15,000 years ago the scdiment is
fine-grained with the exception of one granule at about 12,000 years
ago. This suggests an absence of ice from the area during that period,
except perhaps for a stray iceberg 12,000 years ago. Glacial marine
sediment occurs from 15,000 to 29,500 years ago; then there is a zone
of fine-grained sediment from 30,000 to 40,000 years ago, again sug-
gesting an absence of ice from the sea. From 40,000 to 133,500 years
ago there is glacial marine material, divided into two zones of coarse-
and two zones of medium-grained texture.
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The period 133,000-173,000 years ago is represented by fine-grained
sediment, approximately half of which is finely laminated. Isolated
pebbles occur at 140,000, 147,000 and 156,000 years. This zone is in-
terpreted as recording a time during which the sea at this station was
ice free, except for a few stray bergs, when the three pebbles were
deposited. The laminated sediment may represent seasonal outwash
from glacial ice on the Antarctic continent.

Glacial marine sediment is present from 173,000 to 350,000 years
ago, with some variation in the texture. Laminated fine-grained sedi-
ment from 350,000 to 420,000 years ago may again represent rhythmic
deposition of outwash from Antarctica in an ice free sea. The bottom
part of the core contains glacial marine sediment dated from 420,000
to 460,000 years by extra-polation of the time scale from the younger
part of the core (225:257-59).

It should be realized that the Ross Sea, from which these
cores were taken, is a great triangular wedge driven right into
the heart of the continent of Antarctica, to within about
eight hundred miles of the pole. It follows that, when the
shores of the Ross Sea were free of ice, and if free-flowing
rivers were bringing down sediment from the interior, Ant-
arctica must have been very largely an ice-free continent.
Some of the fine sediment, it is true, does not indicate ice-free
conditions for the whole continent, but only for the sea itself.
The laminated sediment, consisting of distinct thin layers
each representing the deposition of one year, suggests the
results of a summer melting of an ice sheet not far from the
sea, with swollen streams of melt water carrying the sedi-
ment to the sea. Such conditions do not suggest any wide
deglaciation of Antarctica, though they do suggest conditions
very different from those prevailing now. On the other hand,
unlaminated deposits of fine sediment are consistent with a
general and even with a total deglaciation of Antarctica. So
far as we can see, such sediment can only have been brought
down to the sea by rivers flowing from the interior of the
continent. The very existence of such unfrozen rivers re-
‘quires the deglaciation of a part of the continent. One is free
to assume that the deglaciation applied to only a small area,
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but there is really no good reason to adopt this assumption
unless a cause can be shown for a local deglaciation.!

The importance of all this evidence is obvious when we
realize that, as late as 1950, there appeared to be no question
but that the icecap in Antarctica was millions of years old.
According to Brooks, the geologists Wright and Priestly had
presented conclusive evidence of the beginning of the present
icecap as far back as the beginning of the Tertiary Period
(52:239), some 6o or 8o million years ago. Now we have evi-
dence of several periods of semiglacial or nonglacial condi-
tions in Antarctica in the Pleistocene Epoch alone. This is
sufficient to show us how little reliance can be placed upon the
estimated durations of hundreds of thousands or millions of
years for the glacial periods of the remote past.

We must realize, however, that the date found by Urry for
the beginning of the deposition of glacial sediment on the

1 An astonishing bit of evidence suggesting the idea of a temperate age in Ant-
arctica has been produced by Arlington H. Mallery, cartographer and archae-
ologist. Mr. Mallery solved the projection of an ancient map compiled in the
sixteenth century by the Turkish geographer Piri Reis, from maps one of which
is said to have been in the possession of Columbus, and the others of which
were said by Piri Reis to have been preserved in the East since the time of
Alexander the Great (who may have discovered them in Egypt). The projection
had long baffled scientists, including the explorer-scientist Nordenskjéld, who
had spent seventeen years trying to solve it. When Mr. Mallery solved the pro-
jection he found that the map showed all the coasts of South America, a great
part of the coast of Antarctica, including Queen Maud Land and the Palmer
Peninsula, and Greenland and Alaska. It appeared that the mapping of Antarc-
tica had actually been done when the land was ice-free—before the icecap ap-
peared. There was no indication as to what ancient people could have made
the map, but Mr. Mallery concluded that the information on the map was at
least five thousand years old, and perhaps much o}der. The topographic fea-
tures on the map of Queen Maud Land corresponded remarkably to the fea-
tures deduced from seismic profiles made during one of the recent Antarctic
expeditions of the Navy. Mr. Mallery’s statements were confirmed and sup-
ported by Mr. M. 1. Walters, who, as 2 member of the Hydrographic Office, had
checked the map in detail, and by Father Daniel Linehan, Director of the
Weston Observatory of Boston College, who checked the seismic profile made
by the Navy against the data on the map. Mr. Mallery’s findings were presented
in a radio broadcast by the Georgetown University Forum, Washington, D.C.,
in August, 1956. A verbatim report of the broadcast, with reproductions of the
map, may be obtained from the Forum.
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bottom of the Ross Sea 6,000 years ago is not the date of the
beginning of the last change of climate in Antarctica. A con-
siderable time must have elapsed between the fall of tempera-
ture on the continent and the beginning of the deposition of
the glacial sediment. An icecap must grow to a considerable
thickness before it can start to move by gravity, and can start
to throw off icebergs at the coast. Moreover, we must suppose
that the change of climate must have been gradual at first. It
seems reasonable, therefore, to allow a period of the order
of about 10,000 years from the time the climate started to
change to the time when the glacial sediment began to be
deposited on the sea bottom. This is all the more likely since
most of the coasts of Antarctica seem to be bounded by moun-
tain chains, which the icecap would have to cross.

Where do these considerations lead us? They lead us to the
conclusion that the melting of the great icecap in North
America about 10,000 years ago and the beginning of the
massive advance of the Antarctic icecap may have been
roughly contemporary; that as one icecap melted, the other
one grew.

Let us pause to consider the implications of this astonish-
ing conclusion. For one thing, it is clear that no such change
as the growth or removal of even a considerable part of a
continental icecap covering 6,000,000 square miles of the
earth’s surface can result from purely local causes. At present
the Antarctic icecap profoundly affects the climate of the
whole world. The great anticyclonic winds, blowing outward
from the continent in all directions, influence the directions
of ocean currents, and the climates of all the lands in the
Southern Hemisphere. The North American icecap was
equally a factor in'world climate. If one icecap appeared
when the other disappeared, then both of these great con-
temporary changes of climate must be supposed to have re-
sulted from some cause operating on the globe as a whole.
But what kind of cause could glaciate one continent and
deglaciate the other? It seems quite clear that only a shift of
the crust of the earth such as would have moved America
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away from one polar zone and Antarctica toward the other
one can adequately account for the facts. Moreover, it is true,
as can be seen from any globe, that a movement of the crust
sufficient to bring Hudson Bay down to its present latitude
from the pole would at the same time account for the glacia-
tion of all that half of Antarctica facing the Ross Sea.

There are a number of important conclusions to be drawn
from these Antarctic data, in addition to the remarkable con-
firmation of a displacement of the crust. One is that the rapid
rate of change indicated for the Wisconsin icecap may be
typical for the whole Pleistocene, and therefore, very likely,
typical of older periods in the earth’s history. Hardly less
important than this is the implication to be drawn from the
apparent fact that the ice ages, in these two instances, were
not contemporaneous. It follows, of course, that if the ice
ages we know most about were not contemporary in the two
hemispheres, there is no justification for assuming that those
we know little or nothing about were contemporary. Clearly,
with glacial periods so short, and the tempo of change so
rapid, there is no justification for claiming glaciation in the
two hemispheres hundreds of millions of years ago to have
been simultaneous. This theory, which constitutes a harmful
dogma of contemporary science, should now be abandoned,
and with it must go most of the current speculations about
the causes of ice ages.

I cannot conclude this chapter without warning the reader
that, however clear these facts may be, there are still some
who will insist that the Hough-Urry cores show that the re-
cent glaciations were simultaneous in the two hemispheres.
This argument is based on the strange period of high tempera-
ture that followed the ice age in North America, but was
world-wide in its effects. This warm period has been well es-
tablished, but its cause has been unknown. The essential facts
are given by Professor Flint:

. . the evidence of the fossil plants, and, in addition, several en-
tirely independent lines of evidence, establish beyond doubt that the
climate (with some fluctuation) reached a maximum of warmth be-
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tween 6,000 and 4,000 years ago; since then (again with minor fluctua-
tions) it has become cooler and more moist down to the present time.
Apparently as recently as 500 B.C. the climate was still slightly warmer
than it is today. The warm, relatively dry interval of 2000 years’ dura-
tion has been called the Climatic Optimum. It is the outstanding
fact of the so-called post-glacial climatic history (156:487).

Dr. Hough attempts to identify the last warm period in
Antarctica with this Climatic Optimum, but we have seen
that, according to his own core, the last temperate period in
Antarctica apparently began 15,000 years ago, and ended
6,000 years ago, thus enduring for some 9,000 years, while
the Climatic Optimum began 6,000 years ago, when the tem-
perate age was drawing to a close in Antarctica, and endured
for only 2,000 years. It seems to me, therefore, that there is
no good reason to identify the two.

For some time attempts were made to attack the reliability
of the ionium method. I raised the question of these attacks
in a conversation with Einstein and received assurance that
in his opinion the method was reliable. Ericson and Wollin
have recently shown that the results obtained by the ionium
method agree very well with results achieved by other relia-
ble means (Chapter IX). We shall have occasion to cite the
work of Soviet scientists who appear to have used the ionium
method successfully in the Arctic Ocean, and to have ob-
tained results in good agreement with other methods of dat-
ing. We shall see that they have found a warm period for the
Arctic to correspond with the warm period indicated for Ant-
arctica, and at about the same time, just as we should expect
if both areas lay outside of the polar circles when the last
North American icecap was centered at Hudson Bay.

Volchok and Kulp have recently published the results of
a study by which some sources of errors in the use of the ion-
ium method for dating have been identified. Their results
suggest that in some cases errors in dating may result from
the use of cores that have not been continuously deposited,
or that have been disturbed since their original deposition.
However, in the cases, of the Ross Sea cores cited above we
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have three cores taken some distance apart that seem, never-
theless, to agree pretty well with each other, even though
there are evidences of some disturbance, and their evidence
is strengthened by their agreement with the Arctic cores to
be discussed later on.

From our point of view, the precise accuracy of the dating
is less important than the evidence that, in very recent time,
there was deposition of temperate type sediment in the Ross
Sea off the Antarctic coast.

6. Conclusion

It is clear that none of the great glaciations of the past can
be explained by the theories hitherto advanced. The only
ice age that is adequately explained is the present ice age in
Antarctica. This is excellently explained. It exists, quite obvi-
ously, because Antarctica is at the pole, and for no other
reason. No variation of the sun’s heat, no galactic dust, no
volcanism, no subcrustal currents, and no arrangements of
land elevations or sea currents account for the fact. We may
conclude that the best theory to account for an ice age is
that the area concerned was at a pole. We thus account for
the Indian and African ice sheets, though the areas once occu-
pied by them are now in the tropics. We account for all ice
sheets of continental size in the same way.

Stokes has provided an excellent list of specifications for a
satisfactory ice age theory, every one of which is met by the
assumption of crust displacements as the fundamental cause
(405:815-16):

a. An initiating event or condition.

b. A mechanism for cyclic repetitions or oscillations within
the general period of glaciation.

¢. A terminating condition or event.

d. It should not rely upon unprovable, unobservable, or
unpredictable conditions, when well-known or more
simple ones will suffice.
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e. It must solve the problem of increased precipitation
with colder climate.

f. The facts call for a mechanism that either increases the
precipitation or lowers the temperature very gradually
over a period of thousands of years.

It is evident that a displacement of the crust could initiate
an ice age by moving a certain region into a polar zone, while
a later displacement could end the ice age by moving the
same area away from the polar zone. The increased precipita-
tion and the oscillations of the borders of the ice sheets can
be explained by the atmospheric effects that would result
from volcanism associated with the movement of the crust.
These effects will be discussed in later chapters.



III : ANCIENT CLIMATES

In the last chapter it was argued that the ice ages can be
explained only by the assumption of frequent displacements
of the earth’s crust. The ice ages, however, represent only one
side of the problem. If they are instances of extremely cold
climates distributed in an unexplained manner on the earth’s
surface, there were also warm climates whose distribution is
equally unexplained.

In connection with these warm climates in the present
polar regions, there arises a contradiction of an especially
glaring character. On the one hand there is evidence that the
distribution of plants and animals in the past did not, as a
rule, follow the present arrangements of the climatic zones.
On the other hand, the trend of the new evidence is to show
that climatic zones have always been about as clearly dis-
tinguished by temperature differences as they are today. This
is in flat contradiction to the assumption, still widely held,
that the earth, during most of geological history, did not
possess clearly demarcated climatic zones. We are forced to
conclude that, since many ancient plants and animals were
not distributed according to the present climatic zones, the
zones themselves have changed position on the earth’s surface.
This requires, as we have seen, that the surface shall have
changed position relative to the axis of rotation. We shall
now examine the evidence that supports this conclusion.

1. Ages of Bloom in Antarctica

I have suggested that in very recent time, no more than
10,000 years ago, a large part of Antarctica may have been
ice-free. If this interpretation of the marine cores from the
Ross Sea is questioned by the conservative-minded, there
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can, however, be no dispute whatever about the more distant
past climates of Antarctica. Those who may be inclined to
disbelieve that Antarctica could have possessed a temperate
climate 10,000 years ago must be reminded of the evidence
that Antarctica has many times possessed such a climate.

So far as we know at present, the very first evidence of an
ice age in Antarctica comes from the Eocene Epoch (52:244).
This was barely 60,000,000 years ago. Before that, for some
billion and a half years, there is no suggestion of polar condi-
tions, though very many earlier ice ages existed in other parts
of the earth. Henry, in The White Continent, cites evidence
of the passing of long temperate ages in Antarctica. He de-
scribes the Edsel Ford Mountains, discovered by Admiral
Byrd in 1929. These mountains are of nonvolcanic, folded
sedimentary rocks, the layers adding up to 15,000 feet in
thickness. Henry suggests that they indicate long periods of
temperate climate in Antarctica:

The greater part of the erosion probably took place when Antarctica
was essentially free of ice, since the structure of the rocks indicates
strongly that the original sediment from which they were formed was
carried by water. Such an accumulation calls for an immensely long
period of tepid peace in the life of the rampaging planet (206:118).

Most sedimentary rocks are laid down in the sea, formed
of sediment brought down by rivers from near-by lands. The
lands from which the Antarctic sediments were brought seem
to have disappeared without a trace, but of the sea that once
existed where there is now land we have plenty of evidence.
Brooks remarks:

. . . In the Cambrian we have evidence of a moderately warm sea
stretching nearly or right across Antarctica, in the form of thick lime-
stones very rich in reef-building Archaeocyathidae (52:245).

Millions of years later, when these marine formations had
appeared above the sea, warm climates brought forth a luxu-
riant vegetation in Antarctica. Thus, Sir Ernest Shackleton
is said to have found coal beds within 200 miles of the South
Pole (71:80), and later, during the Byrd expedition of 1935,
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geologists made a rich discovery of fossils on the sides of lofty
Mount Weaver, in Latitude 86° 58’ S., about the same dis-
tance from the pole, and two miles above sea level. These
included leaf and stem impressions, and fossilized wood. In
1952 Dr. Lyman H. Dougherty, of the Carnegie Institution
of Washington, completing a study of these fossils, identified
two species of a tree fern called Glossopteris, once common
to the other southern continents (Africa, South America,
Australia), and a giant tree fern of another species. In addi-
tion, he identified a fossil footprint as that of a mammallike
reptile. Henry suggests that this may mean that Antarctica,
during its period of intensive vegetation, was one of the most
advanced lands of the world as to its life forms (20%).

Soviet scientists have reported finding evidences of a trop-
ical flora in Graham Land, another part of Antarctica, dating
from the early Tertiary Period (perhaps from the Paleocene
or Eocene) (364:13).

It is, then, little wonder that Priestly, in his account of his
expedition to Antarctica, should have concluded:

... There can be no doubt from what this expedition and
other expeditions have found that several times at least during past
ages the Antarctic has possessed a climate much more genial than that
of England at the present day . . . (349b:210).

Further evidence is provided by the discovery by British
geologists of great fossil forests in Antarctica, of the same type
that grew on the Pacific coast of the United States 20,000,000
years ago (206:9). This, of course, shows that after the earliest
known Antarctic glaciation in the Eocene, the continent did
not remain glacial, but had later episodes of warm climate.

Dr. Umbgrove adds the observation that in the Jurassic
Period the flora of Antarctica, England, North America, and
India had many plants in common (430:263).

There is one group of theories to which we cannot appeal
because of their inherent and obvious weaknesses. These
are the theories that try to explain warm and cold periods in
Antarctica by changes in land elevations, changes in the
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directions of ocean currents, changes in the intensity of solar
radiation, and the like. It is obvious, for instance, that no
hypothetical warm currents could make possible the existence
of warm climates in the center of the great Antarctic conti
nent if that continent were at the pole, and if by some miracle
Antarctica did become warm, how possibly could forests have
flourished there deprived of sunlight for half the year?

2. Warm Ages in the North

The Arctic regions have been more accessible, and conse-
quently they have been more thoroughly explored, than the
Antarctic. It was from them that the first evidence came
pointing unmistakably to shifts in the geographical positions
of the poles. Most of the theories developed by those defend-
ing the dogma of the permanence of the poles were specially
designed to explain these facts, or rather, as it now seems, to
explain them away.

One method of explaining away the evidence was to sug-
gest that the plants and animals of past geological eras, even
though they belonged to similar genera or families as living
plants, and closely resembled them in structure, may have
been adapted to very different climates. This argument often
had effect, for no one could exclude the possibility that, in a
long geological period, species might make successful adjust-
ments to different climatic conditions. Where single plants
were involved such a possibility could not be dismissed.
Where, however, whole groups of species, whole floras and
faunas, were involved, there was increased improbability that
they could all have been adjusted at any one time to a radi-
cally different environment from that in which their de-
scendants live today. For this reason, and because the
structure of plants has a definite relationship to conditions
of sunlight, heat, and moisture, biologists have abandoned
this method of explaining the facts. Dr. Barghoorn, for ex-
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ample, says that fossil plants are reliable indicators of past
climate (375:237-38).

It may be worth while to review, very brleﬂy, some high
points of the climatic history of the Arctic and sub-Axctic
regions, beginning with one of the oldest periods, the Devo-
nian, and coming down by degrees to periods nearer our
own. (During this discussion the reader may find it helpful
to refer to the table of geological periods, page 23.)

' The Devonian evidence is particularly rich, and includes
both fauna and flora. Dr. Colbert, of the American Museum
of Natural History, has pointed out that the first known
amphibians have been found in this period in eastern Green-
land, near the Arctic Circle, though they must have required
a warm climate (375:256). Many species of reef corals, which
at present require an all-year sea-water temperature of not
less than 68° F. (102:108), have been found in Ellesmere Is-
land, far to the north of the Arctic Circle (399:2). Devonian
tree ferns have been found from southern Russia to Bear
Island, in the Arctic Ocean (1%4%:360). According to Barg-
hoorn, assemblages of Devonian plants have been found in
the Falkland Islands, where a cold climate now prevails, in
Spitzbergen, and in Ellesmere Island, as well as in Asia and
America (3475:240). In view of this, he remarks:

The known distribution of Devonian plants, especially their diversi-
fication in high latitudes, suggests that glacial conditions did not exist
at the poles (375:240).

In the following period, the Carboniferous, we have evi-
dence summed up by Alfred Russel Wallace, co-author, with
Darwin, of the theory of evolution:

In the Carboniferous formation we again meet with plant remains
and beds of true coal in the Arctic regions. Lepidodendrons and
calamites, together with large spreading ferns, are found at Spitz-
bergen, and at Bear Island in the extreme north of Eastern Siberia;

while marine deposits of the same age contain an abundance of large
stony corals (446:202).

In the Permian, following the Carboniferous, Colbert re-
ports a find of fossil reptiles in what is now a bitterly cold
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region: ‘“Large Permian reptiles . . . are found along the
Dvina River of Russia, just below the Arctic Circle, at a
North Latitude of 65° "’ (375:259). Dr. Colbert explains that
these reptiles must have required a warm climate. In sum-
ming up the problem of plant life for the many long ages
of the Paleozoic Era, from the Devonian through the Per-
mian, Barghoorn says that it is “‘one of the great enigmas” of
science (375:243).

Coming now to the Mesozoic Era (comprising the Triassic,
Jurassic, and Cretaceous Periods), Colbert reports that in the
Triassic some amphibians (the Labyrinthodonts) ranged all
the way from 4o0° S. Lat. to 80° N. Lat. About this time the
warm-water Ichthyosaurus lived at Spitzbergen (375:262-64).
For the Jurassic, Wallace reports:

In the Jurassic Period, for example, we have proofs of a mild arctic
climate, in the abundant plant remains of East Siberia and Amurland.
. . . But even more remarkable are the marine remains found in
many places in high northern latitudes, among which we may espe-
cially mention the numerous ammonites and the vertebrae of huge
reptiles of the genera Ichthyosaurus and Teleosaurus found in Jurassic
deposits of the Parry Islands in %7° N. Lat. (446:202).

For the Cretaceous Period, A. C. Seward reported in 1982
that ‘“the commonest Cretaceous ferns [of Greenland] are
closely allied to species . . . in the southern tropics” (373:
363—71). Gutenberg remarks: “Thus, certain regions, such
as Iceland or Antarctica, which are very cold now, for the late
Paleozoic or the Mesozoic era show clear indications of what
we would call subtropical climate today, but no trace of
glaciation; at the same time other regions were at least tempo-
rarily glaciated” (194:195). This evidence, linked in this way
with the problem of the ice ages we have already discussed,
reveals the existence of a single problem. Ice ages in low
latitudes, and warm ages near the poles, are, so to speak, the
sides of a single coin. A successful theory must explain both
of them.

Following the Cretaceous, the Tertiary Period shows the
same failure of the fauna and flora to observe our present
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climatic zones. Scott, for example, says: “The very rich floras
from the Green River shales, from the Wilcox of the Gulf
Coast and from the Eocene of Greenland, show that the
climate was warmer than in the Paleocene, and much warmer
than today” (372:103).

In this Eocene Epoch we find evidence of warm climate in
the north that is truly overwhelming. Captain Nares, one of
the earlier explorers of the Arctic, described a twenty-five-foot
seam of coal that he thought was comparable in quality to
the best Welsh coal, containing fossils similar to the Miocene
fossils of Spitzbergen. He saw it near Watercourse Bay, in
northern Greenland (319:II, 141—42). Closer examination
revealed that it was, in reality, lignite. Nevertheless, the con-
tained fossils clearly indicated a climate completely different
from the present climate of northern Greenland:

The Grinnell Land lignite indicates a thick peat moss, with prob-
ably a small lake, with water lilies on the surface of the water, and
reeds on the edges, and birches and poplars, and taxodias, on the
banks, with pines, firs, spruce, elms and hazel bushes on the neighbor-
ing hills . . . (319:1I, g35).

Brooks thinks that the formation of peat bogs requires a
rainfall of at least forty inches a year, and a mean tempera-
ture above 32° F. (52:173). This suggests a very sharp con-
trast with present Arctic conditions in Grinnell Land.

DeRance and Feilden, who did the paleontological work
for Captain Nares, also mention a Miocene tree, the swamp
cypress, that flourished from Central Italy to 82° N. Lat., that
is, to within five hundred miles of the pole (319:II, 335).
They show that the Miocene floras of Grinnell Land, Green-
land, and Spitzbergen all required temperate climatic condi-
tions, with plentiful moisture. They mention especially the
water lilies of Spitzbergen, which would have required flow-
ing water for the greater part of the year (319:11, 336).

In connection with the flora of Spitzbergen, and the fauna
mentioned earlier, it should be realized that the island is in
polar darkness for half the year. It lies on the Arctic Circle,
as far north of Labrador as Labrador is north of Bermuda.



Wallace describes the flora of the Miocene. He points out
that in Asia and in North America this flora was composed
of species that apparently required a climate similar to that
of our southern states, yet it is also found in Greenland at
7o° N. Lat., where it contained many of the same trees that
were then growing in Europe. He adds:

But even farther North, in Spitzbergen, 78° and 79° N. Lat. and
one of the most barren and inhospitable regions on the globe, an
almost equally rich fossil flora has been discovered, including several
of the Greenland species, and others peculiar, but mostly of the same
genera. There seem to be no evergreens here except coniferae, one of
which is identical with the swamp-cypress (Taxodium distichum) now
found living in the Southern United States. There are also eleven
pines, two Libocedrus, two Sequoias, with oaks, poplars, birches,
planes, limes, a hazel, an ash, and a walnut; also water lilies, pond
weeds, and an Iris—altogether about a hundred species of flowering
plants. Even in Grinnell Land, within 814 degrees of the pole, a
similar flora existed . . . (446:182-84).

It has been necessary to dwell at length on the evidence of
the warm polar climates, because this is important for the
discussion that follows. Too often, in theoretical discussions,
the specific nature of the evidence tends to be lost sight of.

3. Universal Temperate Climates—A Fallacy

The evidence I have presented above (and a great deal more,
omitted for reasons of space) has long created a dilemma for
geology. Only two practical solutions have offered themselves.
One is to shift the crust, and the other is to suggest that
climatic zones like the present have not always existed. It is
often suggested that the climates have been very mild virtu-
ally from pole to pole, at certain times. The extent to which
this theory is still supported is eloquent evidence of the
power of the “dogma” of the permanence of the poles. When
one inquires as to the evidence for the existence of such
warm, moist climates, a peculiar situation is revealed. "There
is no evidence except the fossil evidence that the theory is
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supposed to explain. Could there be a better example of
reasoning in a circle? Colbert cites evidence that the Devo-
nian animals were spread all over the world, and then re-
marks that therefore “. . . it is reasonable to assume . . .
that the Devonian Period was a time of widely spread equable
climates, a period of uniformity over much of the earth’s
surface” (375:255). According to him, the same situation held
true through the Paleozoic and Mesozoic, and even much
later periods (375:268). Other paleontologists reasoned in the
same way. Goldring, for example, remarked: “The Carbonif-
erous plants had a world-wide distribution, suggesting rather
uniform climatic conditions” (177%:362). She drew the same
conclusions from the world-wide distribution of Jurassic flora
(177:363). But it is clear that when a theory has been con-
cocted to explain a given set of facts, those facts themselves
cannot be adduced as proof of the theory. This is circular
reasoning. A theory must, first, be shown to be inherently
reasonable, and then it must be supported by independent
facts.

Is such a theory inherently reasonable? The answer is that
it is not. It involves, in the first place, ignoring the astro-
nomical relations of the earth. The theory requires us to
assume the existence of some factor powerful enough to coun-
teract the variation of the sun’s heat with latitude. As Pro-
fessor Bain, of Amherst, has pointed out, in an article to be
discussed further below,

.. The thermal energy arriving at the earth’s surface per day
per square centimeter averages 430 gram calories at the equator but
declines to 292 gram calories at the 4oth parallel and to 87 gram
calories at the 8oth parallel . . . (18:16).

What force sufficiently powerful to counteract that fact of
astronomy can be suggested, and, more important, supported
by convincing evidence?

It was thought at first that universal temperate climates
might be accounted for by the theory of the cooling of the
earth. Those who proposed this theory (253, 292) argued that
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in earlier ages the earth was hotter, the ocean water evapo-
rated much more rapidly, and it formed thick clouds that
reflected the sun’s radiant energy back into space. The cloud
blanket shut out the sun’s radiation but kept in the heat that
radiated from the earth itself, and this acted to distribute the
heat evenly over the globe. The cloud blanket must have
been thick enough to make the earth a dark, dank, and dismal
place. Since, as Dr. Colbert shows, fossils are found outside
the present zones appropriate to them even in recent geolog-
ical periods, such conditions must have obtained during
about go per cent of the earth’s whole history, and most of
the evolution of living forms must have taken place in them.

For a number of reasons, including the difficulty of ex-
plaining how plants can have evolved without sunlight, this
theory has been abandoned. We have also seen that the idea
that the earth was even hotter than now has recently been
undermined. This has destroyed the solidity of the theory’s
basic assumption.

The fact that the theory never was reasonable is shown
from Coleman’s arguments against it, advanced more than a
quarter of a century ago. He pointed out that not only are
ice ages known from the earliest periods (from the Pre-
Cambrian) but there is evidence that some of these very
ancient ice ages were even more intensely cold than the
Tecent ice age that came to an end 10,000 years ago (87:78).
 No less than six ice ages are known from the Pre-Cambrian -
(480:260). The evidence of one of these Pre-Cambrian or
Lower Cambrian ice ages is interestingly described by
Brewster:

"In China, in the latitude of northern Florida, there is a hundred
and seventy feet of obvious glacial till, scratched boulders and all,
and over it lie sea-floor muds containing lower Cambrian trilobites,
the whole now altered to hard rock (45:204).

It is obvious that such ice ages (and evidences of more of
them are frequently coming to light) are in conflict with the
theory of universal equable climates. Some of them are found
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right in the midst of periods thought to have been especially
warm, such as the Carboniferous.

Coleman presents other geological evidence against the
theory. The fact that most of the fossils found are those of
warm-climate creatures is, he thinks, misleading. Plants and
animals are more easily fossilized in warm, moist climates
than they are in cold, arid ones. Fossilization, even under the
most favorable conditions, is a rare accident. The fauna and
flora of the temperate and arctic zones of the past were sel-
dom preserved (87:252). Thus, while the finding of fossils of
warm-climate organisms all over the earth is an argument
against the permanence of the present arrangement of the
climatic zones, it is not an argument for universal mild
climates.

Another argument against such climates may be based
upon the evidences of desert conditions in all geological
periods. These imply world-wide variations in climate and
humidity. Both Brooks (52:24—-25, 172) and Umbgrove (430:
265) stress the importance of this evidence. One of the most
famous formations of Britain—the Old Red Sandstone—is,
apparently, nothing but a fossil desert. Coleman points to
innumerable varved deposits in many geological periods as
evidence of seasonal changes (8%7:253), which, of course, imply
the existence of climatic zones.

Ample evidence of the existence of strongly demarcated
climatic zones through the earth’s whole history (at least since
the beginning of the deposition of the sedimentary rocks)
comes from other sources. Barghoorn cites the evidence of
fragments of fossil woods from late Paleozoic deposits in the
Southern Hemisphere that show pronounced ring growth,
indicating seasons; he also points out that in the Permo-Car-
boniferous Period floras existed that were adapted to very
cold climate (375:242). Colbert himself reports good evidence
of seasons in the Cretaceous Period, in the form of fossils of
deciduous trees (375:265).

Umbgrove cites the geologist Berry, who states that the
fossilized woods from six geological periods, from the Devo-
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nian to the Eocene, show well-marked annual rings, indicat-
ing seasons like those of the present time. Furthermore, Berry
goes on to say:

Detailed comparisons of these Arctic floras with contemporary floras
from lower latitudes . . . show unmistakable evidence for the exist-
ence of climatic zones . . . (480:266).

Brooks concludes, on the basis of Berry’s evidence, that cli-
matic zones existed in the Eocene (52:24). Ralph W. Chaney,
after a study of the fossil floras of the Tertiary Period (from
the Eocene to the Pliocene), concluded that climatic zones
existed (%72:4%75) during that whole period. The distinguished
meteorologist W. J. Humphreys, whose fundamental work,
The Physics of the Air, remains a classic, remarked in 1920
that there was no good evidence of the absence of climatic
zones from the beginning of the geological record. Finally,
Dr. C. C. Nikiforoff, an expert on soils (both contemporary
and fossil soils), has stated that “In all geological times there
were cold and warm, humid and dry climates, and their ex-
tremes presumably did not change much throughout geo-
logical history” (g%5:191). We will return, below, to the
significance of fossil soils, and present other evidence showing
persistence of sharply demarcated climatic zones during the
earth’s history. But where, at this point, does the evidence
leave us?

On the one hand, the evidence shows that the plants and
animals of the past were distributed without regard to the
present direction of the climatic zones. I have been unable to
do more than suggest the immensity of the body of evidence
supporting this conclusion. On the other hand, the attempt
to deny the existence, in the past, of sharply demarcated cli-
matic zones like those of the present has failed. It may even
be said to have failed sensationally. There is no scrap of evi-
dence for it, except the evidence it is supposed to explain,
while, on the other hand, it is in contradiction both with
the fundamentals of astronomy and the preponderance of
geological evidence.
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So we are left with a clear-cut conclusion: Climatic zones
have always existed as they exist today, but they have fol-
lowed different paths on the face of the earth. If changes in
the position of the axis of rotation of the earth, and of the
earth upon its axis, are equally impossible, and if the drift
of continents individually is rendered extremely improbable
for numerous weighty reasons, then we are forced to the con-
clusion that the surface of the earth must often have been
shifted over the underlying layers.

4. The Eddington-Pauly Suggestion

Another suggestion for displacements of the earth’s crust, to
which I have briefly referred, should now be further dis-
cussed. Its author, Karl A. Pauly, has contributed new lines
of evidence in support of such shifts. He has based his dis-
placement theory on Eddington’s suggestion that the earth’s
crust may have been displaced steadily through time by the
effects of tidal friction. Eddington’s idea has serious weak-
nesses, but the evidence for displacements presented by Pauly
is most impressive.

“ Pauly suggests that a study of the elevations above sea level
of the terminal moraines of mountain glaciers in all latitudes
can establish a correlation of elevation with latitude. It is
true that many factors influence the distance a mountain
glacier may extend downward toward sea level, but latitude
is one of them, and by using a sufficient number of cases it is
possible to average out the other factors, and arrive at the
average elevation of mountain glacier moraines above sea
level for each few degrees of latitude from the equator toward
the poles. This gives us a curve that makes it possible to com-
pare the elevations of the terminal moraines of mountain
glaciers that existed during the Pleistocene Period. Pauly
finds that these moraines do not agree with the curve, indi-
cating unmistakably a displacement of the earth’s crust (342:

89).
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Pauly cites another impressive line of evidence in support
of his conclusions. He has compared the locations of coal de-
posits of several geological periods (many of which are now
in polar regions) with the locations of icecaps for the same
periods. He lists 34 coal deposits regarded as of Jurassic-
Liassic age and 14 of Triassic-Thaetic age, and finds that, if
it is assumed that the centers of the icecaps of that time were
located at the poles, then these coal deposits would have been
located within or just outside the tropics, as would be correct.
He says: :

The very definite location of these coal deposits within the Tria-
Jura tropical and subtropical zones cannot be mere coincidence. The
distribution indicates the lithosphere has shifted (342:96).

Of the Permo-Carboniferous coal deposits, which, he
points out, are very widely distributed over the earth, he
says that “g5 out of 105 listed in The Coal Resources of the
World lie within or just outside of the tropics as determined
by the assumption that the North or South Pole lay under the
center of one of the Permo-Carboniferous ice sheets” (342:

97)-

5. The Contribution of George W. Bain

Not long ago Professor George W. Bain, of Amherst, in an
article in the Yale Scientific Magazine (18), went considerably
beyond the categories of evidence that we have so far con-
sidered. He discussed the specific chemical processes con-
trolled by sunlight and varying according to latitude, and the
remanent chemicals typical of soils developed in the different
climatic zones. He extended this sort of analysis also to
marine sediments.

Bain’s approach to the problem of evidence of climatic
change has many advantages. It avoids, for one thing, the ob-
jection that has been raised against some of the plant evi-
dence: that plants of the past may have been adjusted to
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climates different from those in which their modern descend-
ants live. I believe his method establishes beyond question
the existence of climatic zones all through the geologic past.

Dr. Bain begins with a precise definition of each climatic
zone in terms of the quantities of the sun’s heat reaching the
earth’s surface. He points out that, as is known, the seasonal
variation of this heat increases with distance from the equator
(18:16). He then describes the global wind pattern resulting
from this distribution of the sun’s energy, defining clearly
the conditions of the horse latitudes, in which most of the
earth’s deserts are found, and the meteorology of the polar
fronts. He shows that there are distinct and different com-
plete chemical cycles in each of these areas, and correspond-
ing cycles in the sea. Many of the chemical compounds pro-
duced in each of these areas are included, naturally, in the
rocks formed from the sediments, and they remain as perma-
nent climatic records.

It is impossible, because of limitations of space, to do jus-
tice to Dr. Bain’s comprehensive approach to this question.
There appears to be no room for doubt, however, that great
differences exist between the mineral components of the
different climatic zones, as determined by the amount of the
sun’s radiant heat. With regard to the polar soils, in addition,
it is noteworthy that they are developed in circles on the
earth’s surface, rather than in bands. Temperate and tropical
soils are, of course, found in bands, since the zones are bands
that encircle the earth.

It will be clear to the reader that Dr. Bain has established
a sound method for the study of the climates of the past. He
has applied his method to the study of the climates of two
periods, the Jurassic-Cretaceous and the Carboniferous-Per-
mian, with very significant results. He has concluded, first,
that climatic zones, representing the different distributions of
solar heat, existed in those periods just as at present. This is
proved by the specific remanent chemicals included in these
rocks, which differ exactly as do the sediments of the different
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zones at the present time. This is, of course, fatal for the
theory of universal equable climates.

His second conclusion, of even greater importance, is that
the directions of the climatic zones have changed enormously
in the course of time. He finds the equator running through
the New Siberian Islands (in the Arctic Ocean) in the Permo-
Carboniferous Period, and North and South America lying
tandem along it (18:1%). The evidence he uses seems to
establish his essential point (and ours) that the climatic zones
themselves have shifted their positions on the face of the
earth. '

Dr. Bain has drawn some interesting further conclusions.
He states that the earth’s crust must have been displaced over
the interior layers, and that “fixity of the axis of the earth
relative to the elastic outer shell just is not valid. . . .” (18:
46). He points to the fossil evidence of the cold zones (dis-
tributed in circular areas) and says, ““. . . The recurrent
change in position of these rings through geologic time can
be accounted for now only on the basis of change in the posi-
tion of the elastic shell of the earth relatively to its axis of
rotation” (18:46).

6. The Contributionof T.Y. H. Ma

Dr. Bain pointed out, in the paper above mentioned, that
among other indications of latitude, sea crustaceans and
corals may indicate latitude either by the presence or absence
of evidence of seasonal variations in growth. It happens that
corals have been very thoroughly investigated from precisely
this point of view.

By a remarkable parallelism of development, another the-
ory of displacement of the earth’s crust took shape on the
opposite side of the earth at about the same time that Mr.
Campbell and I started on our project. Professor Ting Ying
H. Ma, an oceanographer, then at the University of Fukien,
China, came to the conclusion, after many years of study of
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fossil corals, that many total displacements of the earth’s
whole outer mantle must have taken place. I did not become
aware of Professor Ma’s work until I was introduced to it by
Dr. David Ericson, of the Lamont Geological Observatory, in
1954. Dr. Ericson has, in fact, taken a leading role in intro-
ducing Professor Ma’s work to American scientists.

For about twenty years previous to the time I mention,
Professor Ma had intensively pursued the study of living
and fossil reef corals. He very early noticed that characteristic
of reef corals referred to by Dr. Bain, but hitherto ignored
by writers on corals. He saw that, at distances from the
equator, there were seasonal differences in the rates of coral
growth, and that the evidences of these were preserved in the
coral skeleton. Specifically, he observed that in winter the
coral cells are smaller and denser; in summer they are larger
and more porous. Together, these two rings make up the
growth for one year.

Studying living coral reefs in various parts of the Pacific,
comparing, measuring, and tabulating coral specimens of
innumerable species, making photographic studies of the
coral skeletons, Professor Ma established that the rates of
total annual coral growth for identical or similar species
within the range of the coralline seas increased with prox-
imity to the equator, and that seasonal variation in growth
rates increased with distance from the equator.

Other writers on corals have pointed out that there are
numerous individual exceptions and irregularities in coral
growth rates, deriving from the fact that the coral polyps feed
upon floating food, which may vary in quantity from place
to place, from day to day, and even from hour to hour (125:
20—21; 298:52-53). Professor Ma, however, has guarded him-
self against error by a quantitative and statistical approach.
In several published volumes of coral studies (285-290) he
has compiled tables running into hundreds of pages, and his
studies have involved thousands of measurements.

When this indefatigable oceanographer had worked out
these relations of growth with latitude, he possessed an effec-
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tive tool with which to investigate the climates of the past. It
was possible now to arrive at a very good idea of the condi-
tions under which fossil corals grew. Professor Ma studied
hundreds of specimens of fossil corals from many of the geo-
logical periods. He devoted entire separate volumes to each
of the Ordovician, Silurian, Devonian, Cretaceous, and Ter-
tiary Periods (285-289).

As Ma assembled the coral data for past periods, it became
plain to him that the total width of the coralline seas had
never varied noticeably from the beginning of the geological
record. Not only was the existence of seasons, of climatic
zones, in the oldest geological periods clearly indicated; it
was also indicated that the average temperatures of the re-
spective zones were about the same as at present.

‘The second result of Ma’s studies was to establish that the
positions of the ancient coralline seas and, therefore, of the
ancient equators were not the same as at present. They
changed from one geological period to another. Ma first came
to the conclusion that this could be explained only by the
theory of drifting continents. Down to about 1949 he sought
to fit the evidence into that theory. By 1949, however, the
continuing accumulation of the evidence led him to adopt
the theory of total displacements of all the outer shells of the
earth over the liquid core. By some instinct of conservatism,
however, he did not abandon the theory of floating conti-
nents, but combined it with the new theory.

‘Ma’s coralline seas ran in all directions; one of his equators
actually bisected the Arctic Ocean. But he had great diffi-
culty in matching up his equators on different continents.
If, for example, he traced an equator across North America,
he could not match it with an equator for the same period
on the other side of the earth, to make a complete circle of
the earth. He therefore supposed that the continents them-
selves had been shifting independently, and this had had the
effect of throwing the ancient equators out of line. He there-
fore allowed, for each period, enough continental drift to
bring the equators into line, and it seemed, when he did
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this, that in successive geological periods he did have increas-
ing distances between the continents, as if the drift had been
continuous. :

Subsequently, Professor Ma developed his theory into a
complete system, which is most interesting, and yet to which,
I think, serious objections may be raised.

Corals are, according to Ma, excellent indicators of the
climate for the time in which they grew, but, by the nature
of the case, since corals grow only in shallow water, and grow
upwards only as far as the surface, the period of time repre-
sented by a single fossil coral reef is of the order of a few
thousand years only, as compared with the millions of years
embraced by a geological period.

How short the continuous growth of a coral reef may be
is indicated by numerous studies of the coral reefs of the
Pacific. A. G. Mayor, for example, says:

. . . The modern reefs now constituting the atolls and barriers of
the Pacific could readily have grown upward to sea-level from the
floors of submerged platforms since the close of the last glacial epoch

(298:52).

At Pago Pago Harbor borings were made down to the
basalt underlying the reef, and after estimates of the growth
rate were arrived at, the age of the reef (Utelei) was esti-
mated at 5,000 years. When these spans are compared with
those of entire geological periods of the order of 20,000,000
or 80,000,000 years, it is clear how fragile must be any con-
clusions based on the assumption that a given coral reef in
Europe was contemporary with another one in North Amer-
ica. It is quite impossible in the present state of our knowl-
edge to decide that they were in fact contemporary.

This means that Ma’s corals for a period like the Devonian
may be indications of different equators that existed at differ-
ent times during that period of 40,000,000 years. Therefore
it is obvious that thousands of coral specimens would be re-
quired to give any certainty as to the actual climatic history
of an entire geological period.
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Very possibly Ma could have avoided combining the two
different theories—the slipping of the shell of the earth and
the drifting of continents—if he had supposed a sufficiently
frequent slipping of the crust. The frequency of the displace-
ments suggested by the theory presented in this book, which
would involve many different equators in a single geological
period, would remove his difficulties. As it is, he has to face
all the geophysical and geological objections to the drifting
continent theory, as well as difficulties with his displacement
theory.

7. On the Rate of Climatic Change

Studies appear from time to time in which attempts are made
to trace climatic changes in specified areas over periods of
millions of years. In one of these, for example (72), the con-
clusion is reached that there was a gradual cooling of the
climate during a great many million years of the Tertiary
Period. It is true that no cause of such a progressive cooling
can be pointed to; neither is there any explanation as to why
the climatic change had to be so gradual. It is simply assumed
that the climatic change had to be gradual, and that the cause
of the change had to be such as to explain imperceptible
climatic changes over millions of years of time.

It is important to define as clearly as possible the nature
of the evidence on which these conclusions are based. In the
example I am considering, the following facts have decisive
importance:

a. The period of time involved in an alleged cooling of
the climate is of the order of 30,000,000 years.

b. Wherever reference is made to the specific strata of rock
selected for analysis of the climatic evidence (consisting
of included fossils), it is clear that the time required for
the deposition of a particular layer was of the order of
10,000 years.
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It follows that during 30,000,000 years it would be pos-
sible to have about g,000 different layers of sedimentary
rock.

A vast majority of these layers cannot be sampled, either
because they no longer exist, or because they do not
contain fossils, or simply because of the amount of work
involved.

As a result, only the most unsatisfactory kind of spot
checking is possible. Perhaps a dozen strata out of 3,000
may be studied, and from these it must be obvious that
no dependable climatic record can be established.
Even with the unsatisfactory spot checking so far at-
tempted, reversals of climatic trends have been ob-
served (72).

Climatic conditions indicated by a layer of sediments
deposited during a brief period of time in one location
cannot be assumed to indicate the direction of climatic
change over a great region, or over the whole earth. It
seems quite as reasonable to suppose that climatic
change in other regions at the same time was in a differ-
ent direction. Furthermore, it cannot be assumed that
two sedimentary deposits in different areas are of the
same age because they both indicate climatic change in
the same direction.

It must be concluded that all claims for gradual climatic
changes in the same direction over long periods of time and
over great areas are unsupported by convincing evidence.
The existence of such long-term trends can be supported
by no reasonable hypothesis. We are left with the conclusion
that climatic change has probably taken place within rela-
tively short periods of time, and possibly in opposite direc-
tions for different areas at the same time, as, indeed, would
be a natural consequence of displacements of the earth’s
crust.



IV : THE MOUNTAINS

PART I. The Folding and Fracturing of the Crust

By far the most magnificent features of the earth’s crust are
the lofty mountain ranges that are found on all the conti-
nents, exciting the wonder of man, and those other, equally
tremendous mountain ranges that lie drowned in the silent
depths of the sea. These mountain ranges carry in their in-
tricate formations much of the history of the earth’s crust. If
we could know the forces that produced them, we could grasp
the basic dynamic principles of the earth’s development. Un-
fortunately, though the mountains have long been the sub-
ject of intensive scientific investigation, they have preserved
their secrets well. The most important of these secrets is the
secret of their birth. What forces within the earth were re-
sponsible for their formation? As of now, we do not know.
Nothing could better betray the extent of our ignorance
of the dynamic processes that have shaped the face of the
earth than this confession of ignorance. Yet, it is agreed by
geologists that no theory has so far satisfactorily explained
mountain building. Daly, for example, has referred to the
process of the folding of the rock strata, a phase of mountain
building, as “an utterly mysterious process” (70d:41). Guten-
berg has concluded that none of the present theories will do.
He remarks that “all the forces discussed so far seem to be
insufficient to produce the formation of mountains” (194:
171), and this includes, of course, the long-exploded (but still
widely current) theory that ascribes mountains to the cooling
and shrinking of the earth. As to this, Gutenberg remarks,
“. . . other scientists have pointed out that the cooling of
the earth is not sufficient to produce the major part of the
crumpling, especially since investigations of the radioactive
heat which is produced inside the earth have indicated that
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the cooling of the earth is less than it had been originally be-
“lieved. . . .” (194:192). Bullard, reviewing the third edition
of Harold Jeffreys’s basic work, The Earth, notes the absence
of progress toward solving the problem of mountain build-
ing, since the second edition twenty-five years ago (59)-
Pirsson and Schuchert, the authors of a general text on geol-
ogy, conclude a section on the cause of mountain building
with the statement: “It must be admitted, therefore, that the
cause of compressive deformation in the earth’s crust is one
of the great mysteries of science, and can be discussed only in
a speculative way” (345:404).
What is the nature of this problem that has so far baffled
science?

1. The Problem of Crustal Folding

It is important to take into account the fact that there are sev-
eral different kinds of mountains, and that their origins may
be ascribed to somewhat different circumstances, even though
(as we shall see) they may be related to one underlying cause.
Some mountains are caused by volcanic eruptions. These con-
sist of piles of volcanic matter. Some of the greatest moun-
tains on the earth’s surface are volcanic mountains. Many
of them are found on ocean bottoms, and when they rise to
the surface they form the island chains (such as the Hawai-
ians) that are especially numerous in the Pacific. Sometimes
volcanic islands or mountains can be formed quickly, as was
the case recently in Mexico, where a large mountain,
Paricutin, was developed in a few years to a height of several .
thousand feet from a lava flow that started in a cornfield on
the level ground. Some mountains result from a vast flow of
molten rock that gathers under the crust at one spot and
domes it up. The causes of these events are unknown.
Many mountains, and even whole ranges of mountains, are
brought into existence in part by the cracking of the earth’s
crust, accompanied by the tilting of the separated blocks. The
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Sierra Nevada Mountains of California appear to have been
formed in this way. According to Daly, they represent the
tilting of a single block of the earth’s crust some 600 miles
long (98:90). Some folding of the crust, however, had previ-
ously taken place. Many great chasms, extended cliff forma-
tions, and rift valleys appear to have been formed by the
cracking and drawing apart of the crust, and by the elevation
or subsidence of the different sides. The great African Rift
Valley is perhaps the best-known example of this sort of
formation; the rift of which it is a part, as we shall see below,
has recently been connected with a world-wide system of
great submarine rifts. The cause of all this cracking and
tilting is still one of the mysteries of science.

The greatest mountain systems on the earth’s surface have
been formed as the result of the lateral compression and fold-
ing of the crust. Since folding is the cause of most mountain
building it must hold our particular attention. As already
suggested, science is particularly at a loss to explain the fold-
ing. A number of suggestions have been advanced, but they
are all deficient for various reasons.

A part of the public is under the impression that moun-
tains have been formed by the action of running water, wear-
ing away the stone, eroding the tablelands, and depositing
layers of sediment in the valleys and in the sea. Although it
cannot be denied that erosion has been a powerful factor in
shaping many mountains, and may have been the main factor
in shaping some of them (for example, Mt. Monadnock, in
New Hampshire, which I can see from my window as I write
these words), it cannot have been the principal cause of the
formation of our great folded mountain ranges.

Geologists who have argued in favor of this theory have
pointed out that the deposition of sediment in narrow crustal
depressions may have been a cause of the folding of the crust.
The folding could have resulted in part from thesinking of the
valley bottoms under the weight of the sediments. The proc-
ess will be found described in detail in almost any textbook
of geology. There are serious objections to it, and no geol-
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ogist today considers it a satisfactory explanation. One ob-
jection is that this process of folding is essentially local. It
cannot explain the greatest mountain systems, some of which
virtually span the globe. It cannot explain, for example, the
almost continuous line of mountain ranges that includes the
Rockies, the Andes, and the Antarctic Mountains, and which
extends for a total distance of almost half the circumference
of the earth. Neither can this theory explain the numerous
submarine mountain ranges that have, in recent years, been
discovered on the bottoms of the Atlantic, Pacific, and Arctic
Oceans. Moreover, it has been pointed out that in many cases
folding of the crust has taken place without any deposition of
sediment, and therefore must have been due to other causes.
The geologist Henry Fielding Reid remarked:

. . . There are many deeps in the ocean, such as the Virgin Islands
Deep, the Tonga Deep, and others, which appear to have sunk with-
out any material deposit of sediments. . . . (354).

For these various reasons, then, geologists have come to the
conclusion that erosion is only a secondary cause of mountain
building (345:882-84). We shall consider this again.

Another common impression, as already mentioned, is that
mountain formation has been due to the cooling and shrink-
ing of the earth. It was reasonable, perhaps, as long as the
theory of the cooling of the earth was unquestioned, to try
to explain the origin of folded mountains in this way, for, of
course, if the earth shrank in size, even only slightly, as a re-
sult of cooling, some wrinkling of the crust must be the
result. The fact that the pattern of wrinkles that would be
produced in this way (and which could be deduced fairly
clearly) bore no resemblance whatever to the patterns of the
existing mountain ranges, did not greatly diminish the cur-
rency of this theory, though it did bring about a devastating
attack upon it by one competent geologist whose views we
shall discuss below. ~

We have seen that there is now an impressive body of evi-
dence and opinion against the theory of a molten origin for
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the earth. The doubts that have gathered about this assump-
tion are sufficiently serious to prevent us from basing any
theory of mountain building upon it (for no theory can
have greater probability than its own basic assumptions). But
even if this were not the case, even if the molten origin of the
earth were a demonstrated fact, still, it was pointed out
twenty-five years ago, by Clarence Dutton, that the shrinking
of the globe would not explain the folded mountains. Dutton
had two objections. First, he said that the calculated amount
of the shrinkage that could have occurred since the crust was
formed, by the reduction of temperatures, would not account
for the volume of the mountains known to have existed dur-
ing geological history. Secondly, he pointed out that the
kinds of pressures that would exist in the crust as a result of
the shrinking of the earth could not produce mountain
ranges of the existing patterns. On this point, he said:

. . . As regards the second objection, which, if possible, is more
cogent still, it may be remarked that the most striking features in the
facts to be explained are the long narrow tracts occupied by the belts
of plicated strata, and the approximate parallelism of their folds.
These call for the action of some great horizontal force thrusting in
one direction. Take, for example, the Appalachian system, stretching
from Maine to Georgia. Here is a great belt of parallel synclinals and
anticlinals with a persistent trend, and no rational inquirer can doubt
that they have been puckered up by some vast force acting hori-
zontally in a northwest and southeast direction. Doubtless it is the
most wonderful example of systematic plication in the world. But
there are many others that indicate the operation of the same forces
with the same broad characteristics. The particular characteristic with
which we are concerned is that in each of these folded belts the hori-
zontal force has acted wholly or almost wholly in one direction. But
the forces that would arise from a collapsing crust would act in every
direction equally. There would be no determinate direction. In short,
the process would not form long narrow belts of parallel folds. As I
have not time to discuss the hypothesis further, I dismiss it with the
remark that it is quantitatively insufficient and qualitatively inap-
plicable. It is an explanation that explains nothing that we want to
explain. . . . (122:201-02).

It is indeed astonishing to note that though a quarter of a
century has passed since this statement was made, and though



84 EARTH'S SHIFTING CRUST

leading geophysicists today sustain Dutton’s views (194:192),
the impression is still widespread, and not merely among lay-
men, that mountains are, more or less, understandable as
the consequence of the cooling of the earth. The cause of this
inertia is, very likely, the absence of any alternative, accept-
able theory of mountain building.

In recent years many geologists have agreed with Dutton
that the mountains were folded by some immense force oper-
ating horizontally on the earth’s crust. Furthermore, they
have come to recognize that the force or forces involved in
mountain folding acted on the earth’s crust as a whole and
at the same time. Thus, one of our leading geophysicists, Dr.
Walter Bucher, of Columbia, remarked:

Taken in their entirety, the orogenic [mountainous] belts are the
result of world-wide stresses that have acted on the crust as a whole.
Certainly the pattern of these belts is not what one would expect
from wholly independent, purely local changes in the crust (58:144).

The same thing was pointed out by Dr. Umbgrove:

. . . But the growing amount of stratigraphic studies make it in-
creasingly evident that the terrestrial crust was subjected to a period-

ically alternating increase and decrease of compression. . . . I feel
there is overwhelming evidence that the movements are the expression
of a common, world-wide, active, and deep-seated cause. . . . (430:31).

Dr. Umbgrove was impressed by another characteristic of
this world-wide force. It did not act continuously. It was not
always acting to expand or squeeze sectors of the crust to fold
them into mountains. It acted only at certain times, and
then, for other periods, it was inactive. There was a sort of
periodicity to its operation. This periodicity extended also
to other aspects of the earth’s geological history:

The geologist comes across periodicity in many of the pages which
he is arduously deciphering—in the sequence of the strata, for in-
stance, and their contents of former organisms. . . . He observes it
elsewhere, in the deep-seated forces that bring subsidence first in one
area and then in another . . . in the intrusion of liquid melts or
*“magma” rising from some deeper part of the earth’s interior; in the
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ing. Joly attempted to prove that the accumulation of radio-
active heat in the earth resulted in mountain building at
intervals of 30,000,000 years (244; 235:153). Gutenberg, how-
ever, says that details of Joly’s theory have been disproved
(194:158) and, moreover, that the theory includes no mecha-
nism to account for the g0,000,000-year intervals (194:188).
It is impossible to see that the resulting upheaval of the
surface could produce mountain ranges of the patterns that
exist. Joly’s theory does postulate a growing earth, but
whether the crust bursts occasionally or is continually col-
lapsing because of shrinking, it all amounts to the same
thing: neither theory meets the requirements. Attempts have
also been made to explain periodicity as the result of long-
range astronomical cycles, but they have been unsuccessful
(430:281-82). It is obviously difficult to explain mountain
building by astronomical cycles.

For some years, geologists have been looking for a moun-
tain-folding force below the earth’s crust. They have been
investigating the possibility of the existence of currents in
the semiliquid layers under the crust, and speculating on the
possible effects of such currents, if they exist, on the crust
itself. It has been suggested that such currents, rising under
the crust, or sinking, might fold the crust. A sinking current,
for example, would have the effect of drawing the crust to-
gether over it, and pulling it down, forming wrinkles, in
long narrow patterns, like the mountain ranges. Calculations
have been made of the forces that could be brought to bear
upon the crust in this way. Vening Meinesz prefers this way
of accounting for mountain building:

If we examine the pattern of great geosynclines over the earth’s
surface, we cannot doubt that their cause must have a world-wide
character. The geology in these belts points to horizontal compression
in the crust, at least during the later stages of their development. The
two main hypotheses suggested to explain these great phenomena are
(1) the thermal-contraction hypothesis, and (2) the hypothesis of sub-
crustal current systems of such large horizontal dimensions that, ver-

tically, they must involve at least a great part of the thickness of the
mantle and probably the whole mantle (349:319).
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Vening Meinesz summarizes the arguments against the
thermal-contraction hypothesis (the cooling of the earth),
and argues for the second theory. It is interesting, in passing,
to note that one of his arguments against the contraction
theory is that “In large parts of the earth’s surface . . . ten-
sion seems to exist in the crust at the same time that folding
takes place elsewhere, and this fact is difficult to reconcile
with thermal contraction (giving compression) throughout
the crust. . . .” (349:320). He is here saying that the earth’s
crust was being stretched in some places and compressed in
others, at the same time, which is inconsistent with the cool-
ing and contracting theory. It is, however, quite consistent
with the crust displacement hypothesis.

Now, as to the subcrustal current hypothesis, we may note
that Meinesz is assuming currents travelling for great dis-
tances horizontally, and moving in great depths of hundreds
of miles below the crust. Naturally, the movement of such
masses of rock could potentially create pressures to stagger
the imagination. Gutenberg discusses the work of many men
who are studying subcrustal currents (194:186, 191). The
chief weakness of the theory is the absence of any real evi-
dence for the existence of such currents. It is suggested, for
example, that thermal convection might account for them,
or chemical changes of state in depth might account for
them, or mechanical factors might be at work, but, mean-
while, there is no real evidence that such currents really
exist. Some geologists have claimed to have found evidence
of cyclonelike patterns in rock structures (194:188), but these
appear to have been of small magnitude; they therefore may
have been formed in small pockets of molten rock. They do
not provide reliable evidence for the existence of gigantic
crust-warping currents, such as would be required for moun-
tain building.

The problem that we are involved with here is that of the
origin of the geosyncline. Geologists refer to a downward fold
in the crust of major proportions as a geosyncline. An up-
ward fold (or arch) is a geoanticline. They are sometimes
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ments and possibly through a number of successive displace-
ments of the crust, to the formation of folded mountain
ranges.

The systematic presentation of this theory requires us to
consider the two different phases of displacement—equator-
ward and poleward—separately, for they have very different
results. We will begin with the consideration of the effects
of a displacement of a crustal sector toward the equator.

In a shift in that direction, a crustal sector is submitted
to tension (or stretching), and this tension is relieved by the
fracturing that takes place when the bursting stress exerted
on the crust has come to exceed the strength of the crust. (For
Mr. Campbell’s calculations of the quantity of the bursting
stress, as compared with estimates of crustal strength, see
Chapter XI.) Until fractures appear and multiply, the crust
cannot move over the bulge. After the fracturing permits
the movement to begin, the crustal blocks tend to draw
slightly apart. The spaces between them are immediately
filled by molten material from below.

Let us form a clear picture of this crustal stretching, from
the quantitative standpoint. It is important to estimate the
stretch per mile, if we are to visualize the results. Taking the
globe as a whole, the difference between the polar and equa-
torial diameters is about 26 miles. The circumferences,
therefore, differ by about #8 miles. If the crust were dis-
placed so far that a point at a pole was displaced to the
equator, the polar circumference would have to stretch %8
miles to fit over the equator. This would amount to about
17 feet in the mile. Since the magnitude of displacements,
however (according to evidence to be presented later), seems
to have been of the order of no more than about go degrees,
or one third of the distance from pole to equator, the average
stretch per mile may have amounted to five or six feet, or
one foot in a thousand.

It would be a mistake to visualize this stretching of the
crust in the equatorward-moving areas as evenly distributed
around the whole circumference of the globe. Obviously, the
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real events would not correspond to this. The crust would
be under bursting stress, and this would be relieved spas-
modically, during the movement of the crust, by fractures at
the weakest points. A fracture through the crust at one point
would relieve the stress for perhaps hundreds of miles. Since
the elasticity of the crust is slight, the stretching or extension
of the crust would consist of the drawing apart, to varying
distances, of the fractured blocks. Generally speaking, the
fewer the fractures, the farther their sides would draw apart.
It would be possible that the total amount of the stretching
of the earth’s circumference would be concentrated in rela-
tively few critical areas.

It must also be kept in mind that some parts of this area
being displaced toward the equator will be displaced farther
than others. The greatest displacement will occur along the
line, or meridian, drawn from the pole through the center of
mass of the icecap and so around the earth; or, if any unex-
pected factor should deflect the direction of the movement,
the greatest displacement will occur along whatever meridian
represents the direction of the movement. As I have pointed
out, at two pivot points on the equator go degrees away from
this meridian there will be little or no movement, and the
points in between will move proportionately to their dis-
tances from the meridian. The tension, or stretching, will be
proportional to the amount of displacement. It therefore will
be greatest along the central meridian of movement, and it
is here that Mr. Campbell expects the first major fractures
of the crust to develop.

It is important to visualize the nature of the crust on which
this tension is exerted. The crust is comparatively rigid, hav-
ing little elasticity, but it is not strong. It varies in thickness
and strength from place to place. As we shall see, it is even
now penetrated by great systems of deep fractures of unex-
plained origin. These inequalities of strength will be very
important in determining the reactions of the crust from
place to place to the tension exerted upon it; they will de-
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termine the precise locations, and to some extent the pat-
terns, of the fractures that will result.

Without attempting to anticipate a more detailed discus-
sion, to be introduced later, of the forces involved in this
fracturing of the crust, I would like to remark that the forces
required for the fracturing are by no means so great as might
be at first supposed. It is a question of relatively slight forces
exerted over considerable periods of time.

If we disregard the factors that may locally influence the
locations and sizes of fractures, a general pattern may be indi-
cated to which they will tend to conform. Mr. Campbell has
worked out this pattern schematically, and has indicated it in
Figures 11, II1, and IV. The reader will note that the fractures
take two directions. There are the north-south, or meridional,
fractures, which Mr. Campbell refers to as the major frac-
tures, and then there are minor fractures at right angles to
them.

Mr. Campbell anticipates that numerous major fractures
will occur parallel to each other as the crust moves. The for-
mation of very numerous minor faults at right angles to the
major faults will form a gridiron pattern of fractures. Mr.
Campbell has suggested a method for visualizing the process.
If the reader will cup his hands and place them together,
with fingertips touching and the fingers of each hand close
together (as if they lay on the surface of a sphere), and then
imagine the sphere growing, and causing the fingertips of
both hands to spread apart, and at the same time the fingers
of each hand to spread apart, he may visualize the process.
The gap between his hands will now represent a major frac-
ture, and the gaps between the fingers of each hand will
represent the minor fractures at right angles to it. The reader
will see, a little later on, how closely this projection of frac-
ture effects corresponds to the real phenomena in the earth’s
crust.

Another important aspect of these fractures is shown in
Figure III. Mr. Campbell has indicated that, owing to the
changing arc of the surface as the crustal sector moves
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Fig. II. Mountain Building: Patterns of Fracture and Folding

The lithosphere, or crust, is represented in a future movement resulting
from the effect of the present icecap in Antarctica. Since the latter’s
center of mass is on (or near) the meridian of 96° E. Long., the crust is
represented as moving in that direction from the pole. The sector of
expansion is moving equatorward and therefore being extended. The
sector of contraction is moving toward the North Pole from the equator
and therefore being compressed.

In the sector of expansion, parallel major faults can be observed, with
minor faults at right angles. The wavy lines suggest the effects of local
differences in crustal strength. The pattern of the fractures is indicated,
but not their number; a very large number of meridional fractures
might be formed, while the minor fractures would be even more
numerous.

In the sector of contraction, crustal folding is shown only schemat-
ically. It is represented as if all the folding is taking place along one
meridian, although in reality there would probably be many parallel
zones of mountain folding at considerable distances from each other.
Campbell indicates that this movement will be accompanied by frac-
turing of the crust, with faults running at right angles to the main axes
of the folds. The third axis, which runs through the equator, is consid-
ered to be the axis on which the crust turns. The points directly at the
two ends of this axis do not move.
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Fig. II1. Vertical View of the Earth with Cross Section at g6° E. Long.
This figure illustrates a number of simultaneous effects of displacement.
The upper right-hand quadrant shows a sector of the crust displaced
toward the equator. Here the lessening arc of the surface will cause
faults to open from the bottom. The lower right-hand quadrant shows a
sector of the crust displaced toward a pole. Here the increasing arc of
the surface results in faults opening from the top. The lower left-hand
quadrant, which isa vertical view of a sector moving equatorward, shows
major meridional faults, which have opened from the bottom. The
upper left-hand quadrant, which is a vertical view of a sector displaced
poleward, shows meridional faults opening from the top.

The reader should visualize the left-hand quadrants as if looking
straight down on the earth at the point where the central meridian of
displacement (96° E. Long. in this case) crosses the equator.

Nortk: In this and other drawings the South Pole has been shown at the
top, reversing the usual position. This has been done for reasons of con-
venience and because our theory has been developed with the Antarctic
icecap as the center of attention. In actuality, there is no such thing as
“up” or “down” in space. The North Pole is usually shown at the top,
but this is merely a convention of cartographers.
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Fig. IV. Patterns of Fracture

This figure indicates schematically the mechanics of faulting and folding
in a displacement of the crust. It is suggested, for purposes of illustra-
tion only, that all effects are concentrated on the meridian of maximum
crust displacement. Therefore, only one major meridional fault is shown
in the upper hemisphere, which is moving toward the equator. Dotted
lines indicate other faulls opening from the bottom of the lithosphere,
or crust, as the arc of the surface diminishes.

Across the equator, where the surface is moving toward the pole, and
compression is resulting, the continuation of the major expansion fault
is shown as a pressure ridge, which may later become the main axis of
a mountain range. Again, for purposes of illustration only, it is assumed
that all folding will take place along the meridian of maximum dis-
placement. If the major fault is filled with molten magma, and the
magma solidifies, then this intruded maiter, which has expanded the
crust, must add to the folding in the lower hemisphere, which is moving
toward a pole.

In the lower hemisphere the unbroken lines indicate the fractures
opening from the top, as the arc of the surface increases.

equatorward, the fractures will tend to open from the bot-
tom. This would, of course, favor the intrusion into them of
magma from below, and, accordingly, Mr. Campbell shows
them filled up (in black). At the same time, as the reader may
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see, fractures in areas moving poleward would tend to open
from the top. These might be less likely to reach sources of
molten rock; accordingly, they are not shown filled up.
Whether these fractures would or would not fill up (and
perhaps the probabilities are that they would), the configura-
tion of the resulting solidified veins in the rocks would be
very different from that in fractures that had opened from
the bottom. Campbell has suggested that this way of explain-
ing existing fracture patterns in the crust could be an aid
in prospecting for ores, most of which occur in such veins.
It would be a question of ascertaining, for the general region,
whether the veins being investigated were part of either a
poleward type or equatorward type of pattern, and from this
it might be possible to deduce whether the vein was to peter
out or not. Campbell believes that the hypothesis provides
numerous possibilities for the exploration of the crust, some
of which may prove eventually to be of commercial value.

The time element is essential to visualizing the general
process of a displacement. Some concept of the probable
speed of the displacement is required. A basis for such an
estimate is provided by evidence that will be fully considered
later, but I may here anticipate by saying that displacements
may have required periods of from 10,000 to 20,000 years.
This means that this amount of time would be available for
the creation of the system of fractures we are considering. It
means, for example, that a single major fracture, which might
involve, let us say, the pulling apart of the crust to a distance
of several miles and the filling up of the crack with molten
material from below, might be formed over a period of
several thousand years, during which time there might be
spasmodically renewed earthquake fracturing and volcanic
effects, interrupted by periods of quiet. It is obvious that the
amount of time available for the work of extension and frac-
turing of the crust is sufficient to permit the process to com-
plete itself without undue or incredible violence.

We must now consider a question that relates to mountain
building, and at the same time involves another of the major





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































