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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to consult me concerning their unpublished ideas.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 rediiced, 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.
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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 aséumption, 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.
896) 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.



INTRODUCTION 11

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 (437:112). 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” (337:2%2). 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 (87:10¢2). 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



INTRODUCTION 17

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

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 goo 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 1 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 1 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. 391).

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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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 18go’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 (851).

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 00,000,000 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
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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
(282:612-13).

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 (107).

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
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































