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Hesitant Revolutions—
Successful and Failed

I chose the examples in the preceding chapter because they represented an ex-
treme version of fringe science. Neither Velikovsky nor Ritchie had acceptable
credentials in the fields in which they claimed to have made discoveries. Neither
claim attracted the serious attention of any scientists; indeed, the role of the scien-
tists was largely confined to debunking from the start, through reviews (in the
case of Velikovsky) and only reluctantly (as with the scientists at NBS and MIT,
when called upon to test AD-X2). Both cases drew vehement support from many
people who clearly did not possess the necessary expertise.

In contrast the two cases I present in this chapter did engage the professional
attention of scientists. Curiously, both examples, continental drift and cold fu-
sion, started with novel ideas from scientists working outside their established
fields. Initially, both commanded significant attention. Beyond that, their histo-
ries diverge. After attracting considerable interest, the theory of continental drift
languished for many years until the application of new experimental techniques
yielded results that rapidly tipped the balance. The claims for the production of
fusion at room temperatures, though, have not been sustained, the surge of ap-
prehensive excitement has long since dissipated, and cold fusion seems destined
to be remembered only in books like this.

Continental Drift

In popular imagery major discoveries are announced by a shout of “Eureka!” as
the inspirational flash shoots through the inventor’s brain. Archimedes leaped
from his bath; Newton was struck by both apple and insight; and Thomas Edison
emerged from his attic or basement or wherever, carrying the light bulb, still the
cartoon insignia of sudden inspiration. But, so the myth continues, the indepen-
dent genius is often ignored or even ridiculed before the belated general accep-
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tance arrives. This delay in recognition has sometimes been used to defend the
proposals of pseudoscientists or inventors with the claim that experts have been
proven wrong before and that the current proposal, whatever it is, will also, in
time, be shown to be correct, to the discomfort of the experts who know this but
do not wish to relinquish their current orthodoxy and exalted status.

This was a theme in the Velikovsky debates and an undercurrent in the AD-X2
case, where expert opinions were repeatedly challenged. At least superficially, the
reception given to the idea of continental drift would seem to provide strong sup-
port for this thesis. Closer examination reveals a very different history.!

By now, it is almost universally accepted that the earth’s major land masses
were once part of a giant continent, Pangaea, that had the northern and southern
parts of Laurasia and Gondwana. Some hundreds of millions of years ago, this
supercontinent gradually broke into parts that drifted apart and continue to
move, even today. The name now given to this geological process is plate tectonics,
intended to describe a larger range of phenomena than the original term, conti-
nental drift.

Even the most superficial comparison of the eastern coastline of South America
with the western outline of Africa suggests their original proximity. Converting
this simple observation to an accepted scientific theory has taken many years and
required more geophysical evidence than the simple jigsaw puzzle approach. As
we will see, the tale of hesitant advance has many similarities to the Velikovsky
case but with some revealing contrasts.

Because of the apparent solidity of the earth, people long considered it immov-
able, the center of the universe, its continents unchangeable. There was, of course,
Plato’s story of Atlantis, a lost continent, but this did not form part of any general
theory of earthly evolution. Indeed, even the idea of the continents’ having moved
could not have arisen until there were reliable maps so that the similarity of the
outlines could be seen. Africa was probably circumnavigated by the Phoenicians,
but even if they drew up any charts after those voyages, none has survived. South
America remained hidden from European awareness until the voyages of discov-
ery in the fifteenth and sixteenth centuries. (It was during those voyages that the
explorers delineated and named the constellations in the southern skies that can-
not be seen even from southern Europe and the Middle East, from which region
the classic Western constellations had been named.)

By 1620 Francis Bacon was drawing attention to the mirror image relationship
of the Atlantic coastlines, but sustained examination had to wait for about 200
years. By then, geology was developing, and the basic idea of an immutable earth
was being questioned. Scientists were putting forward theories to explain pro-
cesses that could have changed the face of the earth. During the eighteenth cen-
tury, the study of geological strata and their included fossils was leading scientists
1o+ challenge the accepted estimate of the earth’s age, which had been based on the

illy of generations as enumerated in the Old Testament. In his Principles of Geol-
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ogy in 1830, Charles Lyell set out a view that held for many years: that the earth’s
surface had undergone changes through cycles of uplift and erosion.

As the end of the century approached and even with widespread acceptance of
the notion that the earth had not always had its present form, there was still room
for competing theories. The problem of the age and evolution of the earth had
been sharpened as theory was being adapted from physics. Out of sophisticated
calculations, two major schools of thought emerged. One group believed the con-
tinents had been formed far in the past, when cooling and contraction had re-
sulted in the uneven surface, much as an apple wrinkles when drying. Since that
remote time, the continents had been essentially unchanged. The other major
opinion held that because of the cooling and contraction, geological processes in
the past differed from those today. Accordingly, simple extrapolations back in
time were unreliable.

All theories had to deal with the evidence that some fossils of the same species
were found in South America, Africa, and even Antarctica. With the idea of evo-
lution gaining ground, it seemed very unlikely that identical species could have
developed independently in such widely separated locations. To meet this di-
lemma, it was proposed that today’s continents had once been connected by “land
bridges” across which migration could have taken place before the bridges sub-
sided.

At the center of the many debates, scientific and otherwise, was an assumption
that came to be known as uniformitarianism, the belief that physical and chemi-
cal laws and processes known today also operated in the same ways in the remote
past. In the competition between science and religion, this assumption has been
repeatedly challenged: Perhaps different processes had operated, in which case the
history of the earth could be very different from current scientific ideas and per-
haps even consistent with the biblical account. We find Velikovsky and his propo-
nents using the identical argument. Two of my fellow panel members at the Notre
Dame meeting were philosophers of science who refused to accept the idea of uni-
formitarianism.

Uniformitarianism is not an assumption to be adopted lightly. In modern sci-
ence Newton introduced it in his 1687 Principia, at the start of Book 3, “Rules of
Reasoning in Philosophy.” “We are to admit no more causes of natural things
than such as are both true and sufficient to explain their appearances. Therefore
to the same natural effects we must, as far as possible, assign the same causes.”?
We use this assumption repeatedly in astronomy. When we examine the light
from distant stars and the even more distant galaxies, we are also looking back
into the past. The light arriving today was radiated millions or billions of years
ago. We interpret conditions in those remote times in terms of laws that we have
discovered, using the values of the physical constants as we have measured with
great accuracy. We can devise tests using the “old” light to check whether our cur-
rent scientific laws operated in the familiar ways and with the same physical con-
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stants much closer to the origin of our universe. So far the results have always
confirmed the stability of those laws and the values of those constants.

" There are other aspects of uniformitarianism. As used in geological debates, it
has been taken to imply not only the operation of the same physical processes but
also their operation at the same rates as now. This is a much narrower assumption.
There is also always the possibility that new physical processes may be discovered
5o that calculations of past conditions will be proven wrong because they are in-
complete. But that is something we live with at all times. We keep using our cur-
rently known laws yet remain alert to possible problems. Without some assump-
tions about the nature and stability of those laws, we would have no objective way
of choosing between countless alternatives.

By 1900 the discovery of radioactivity added to the woes of contraction theory.
Radioactivity provided a novel and accurate method of geological dating, sud-
denly expanding the known geological time scale to billions of years. Radioactiv-
ity was found to be a source of heat as well as penetrating radiation. Estimates of
the total amount of the radioactive uranium and thorium in the earth and the
heat they produce called into question the earlier calculations of the earth’s cool-
ing, There seemed to be too much radioactive heat energy released to allow for
the contraction and cooling that had been assumed.

Because of the inconclusive nature of the theories then current, a substantial
number of scientists thought that what geology really needed was much more
data, not sweeping theories. It was at this juncture that Alfred Wegener presented
his theory of continental drift.

Wegener had studied physics, then took his doctorate in astronomy; his thesis
was on the Alfonsine Tables of planetary positions, which had been calculated in
the thirteenth century and had played a central role in medieval astronomy. His
subsequent interest was in meteorology, and in 1906 he was selected to accom-
pany a Danish expedition to Greenland. He later held a faculty position at the
University of Marburg and accompanied a second Danish expedition to Green-
land in 1912.

Wegener’s ideas seem to have been stimulated initially by the well-known com-
parison of the American and African Atlantic coastlines. Wegener introduced his
theory at the 1912 meeting of the German Geological Association; his paper was
published later that year and by 1915 was expanded into a book, The Origin of
Continents and Oceans. Wegener’s thesis went far beyond simple contour compar-
ison. In the first place, he compared the edges of the continental shelves and
found a better fit than with the conventional coastline matching. He also under-
took a worldwide analysis of elevation levels of the earth’s surface, both continen-
tal and submerged. As he pointed out, if the earth had cooled from an original
.mooth and molten sphere, one would expect to find the elevation levels cluster-
., around some average value, with decreasing numbers far from this average.

istead, there turned out to be two dominant levels, those of the continents and
‘hose of the ocean floors. True, there were major mountain peaks and ocean
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abysses, but those were the exceptions. The contour levels certainly did not match
what was expected from cooling.

Among the fossils were some of mesosaurus, a small reptile, which were found
only in Brazil and South Africa, suggesting an early proximity of those regions.
There were other fossils, notably those of Glossopteris ferns, which were found in
South America, the Falkland Islands, South Africa, Australasia, and also the Ant-
arctic, suggesting that they had at one time shared a common climate much
warmer than that of the now frigid Antarctic. Wegener also drew attention to
modern measurements of longitude that appeared to indicate a shift westward of
Sabine Island (near Greenland) of nearly a kilometer between 1823 and 1907. Fi-
nally, Wegener took issue with the land bridge theory. If, as was generally thought,
the less dense continents floated atop the denser mantle, the next lower layer of
the earth’s crust, then presumably the land bridges also consisted of light,
continentlike material. Wegener pointed out that it was unreasonable to expect
that those bridges had sunk when they had done their job. In sum, Wegener’s the-
ory was based on far more than simply the obvious continental shapes.

Initial reactions were mixed. Wegener’s views became more widely known only
after World War I, with the 1922 English translation of his book, though the Berlin
Geological Society had held a symposium on drift in 1921. There were further
conference discussions at the Geological Society of France, the Geological Section
of the British Association for the Advancement of Science, and the Royal Geologi-
cal Society in 1923. In a careful but critical review of drift in Nature, Philip Lake
expressed disappointment that “Wegener has given free play to his imagination”;
it was clear that he was not persuaded.’

An important contribution came from Harold Jeffreys in his 1924 book The
Earth. Jeffreys’s work was far from practical geology; he was a highly regarded ap-
plied mathematician who approached the drift hypothesis as a problem in me-
chanics, considering the strength of the earth’s material, the forces that were
known, and the resulting drifts that seemed possible, He calculated the forces
needed to move the continents against the resistance of the underlying material
am‘i fougd, to his own satisfaction, that drift was impossible. He summed up his
opinion in obvious terms: “The assumption that the Earth can be deformed in-

definitely by small forces, provided only that they act long enough, is therefore a
very dangerous one, and liable to lead to serious errors.”*

For a long time Jeffreys’s objections remained as influential obstacles to drift
th?ory. He asked what seemed to be reasonable questions: Why did the continents
drift? What force was responsible? In the absence of a clear identification of quan-

tit.ative agents for change—which even Wegener admitted—it was hard to argue
with the results of such impressive mathematics.

Another debate at the 1928 New York meeting of the American Association of
Petroleum Geologists failed to move any of the alignments of the opposing sides.
By this time, as Le Grand has well described, the shape of the debate was firmly
set. In Europe there was a tradition of broad theorizing, cutting across the lines of
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subdisciplinary specialities; it was acceptable to base theories on careful syntheses
from the primary literature. In contrast, in Britain and the United States, geology
was progressing in increasingly separate areas of specialization, and greater
weight was placed on the results of direct fieldwork. Theorizing was not highly re-
garded.

With many professionals undecided and many clearly opposed to the drift the-
ory, Wegener had few outright supporters. Notable among the supporters was
Alec L. du Toit, a South African geologist, and Arthur Holmes of Edinburgh. Du
Toit had been persuaded by Wegener’s use of the fossil evidence with which he
was so well acquainted from his own fieldwork in South Africa and Australia,
Holmes had responded to some of Jeffreys’s criticisms and also introduced the
important suggestion that drift was the result of convection currents, driven by
heat from radioactivity.

Among the many comments, probably the most interesting (for us) came from
Chester Longwell of Yale. In the 1928 symposium he reserved his judgment, not-
ing that “many of us, however, are not yet prepared to accept literally Wegener’s
interesting analogy of the torn paper as applied to Atlantic coasts” but that “the
only objective attitude is one of ‘wait and see. ... The true solution ... might well
outrage some of our preconceptions.”® He repeated his cautious stand in some ar-
ticles in 1944, and we find a similarly critical approach in his review of Worlds in
Collision.

What we see in Longwell is a scientist who did not reject a truly radical theory
out of hand but was willing to examine it critically, at the same time and quite
correctly holding it to a high standard of demonstration. Over a long period
Longwell kept his mind open. This approach was scientific in the true sense. We
should recall his review of Velikovsky’s Worlds in Collision, when his scientific sen-
sibilities had been outraged. He was not unwilling to look at any and every new
theory—only those that had a substantial base of initial plausibility.

Continental drift remained in its state of suspended credibility until after
World War II. Intensive research as part of the war effort had produced many
technical advances that became generally available to science. Electronics
blossomed, its postwar application leading to the explosive growth of rfadio as-
tronomy. Research in submarine detection produced echo-sounding flevnc.es that
physicists later applied to geology. Patrick Blackett at Manchester L.Imversxt.y and
later Imperial College in London, winner of the Nobel Prize in phys%c.s for his cos-
mic ray discoveries, was responsible for greatly improving the sensitivity ofa de'-
vice for measuring weak magnetic fields. With S. K. Runcorn of Cambridge Uni-
versity and the University of Newcastle-on-Tyne, he was able to measure the
minute magnetism that was frozen into certain rocks as they cooleq. The direc-
non of the magnetization showed the direction of the earth’s magnetic ﬁeld_ at the
‘ine of cooling, and comparison of these directions in rocks from both sides of

. Atlantic showed intercontinental similarities that were quickly interpreted as
.upporting the theory of drift. Parallel developments applying sonic methods to
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marine science greatly expanded seafloor exploration. Improved methods were
brought to submarine seismology, measurements of heat flow and gravity varia-
tions.

The overall picture that emerged from this technological revolution showed an
ocean floor that was not a remnant from long cooling and contraction but a very
young floor continually being generated by material welling up at midocean
ridges. Holmes’s idea of convection currents was revived and refined. This pro-
cess, plate tectonics, included the idea that the ridges were the sites of new mate-
rial coming up from the underlying mantle, with older seafloor material being
drawn down at ocean trenches, thus returning to the mantle. Riding atop this
slowly moving seafloor were the continents.

One can trace the relatively rapid switch in the prevailing professional views
through conferences in the late 1950s and early 1960s. During this period the In-
ternational Geophysical Year (1957-1958) had led to coordinated worldwide sur-
veys. Le Grand has described the results: “Beginning in 1966, sentiment swung
rapidly to Drift. ... By the early 1970s, a new version of drift, plate tectonics, had
become the established program. The ‘revolution’ was complete.”” At this point
we should take stock. What does this case study show us? It shows the conserva-
tism of the scientific community, its unwillingness to rush to accept a radical the-
ory for which there was some—though far short of conclusive—support. While
most professionals were not persuaded, a few believers persisted in their support
but, it must be said, with no new evidence to offer for many years. There certainly
was not total neglect of the drift hypothesis, but the revolution (if any) came only
with the introduction of totally new experimental techniques. Thereafter the
change was swift. It is probably fair to say that without the postwar instrumental
revolution, we might still be listening to reruns of the old arguments, waiting for
the drift hypothesis to be established.

As a postscript we should note that well into the 1970s, the drift theory was re-
sisted in the USSR.® The main opposition came from Vladimir Beloussov, direc-
tor of the Department of Geodynamics in the Institute of Earth Science of the
Academy of Sciences, who had developed his own theory. Although some Soviet
scientists accepted the newly developed plate tectonics theory, Beloussov contin-
ued to oppose it even as late as 1989.° Even as there is general acceptance in the
West, there are still some pockets of resistance today. However, the new dogma of
plate tectonics seems now to be firmly in place.

Cold Fusion

After many years the frog of continental drift turned into the charming prince of
plate tectonics. The reverse seems to be the case with the claims for the discovery
of cold fusion, whose transformation has been rather more rapid. It seems im-
probable that the good fairy would arrive on a return visit and restore respectabil-



