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The author of this text doesn’t mention plate tectonics and spends a large chunk of time bashing continental drift. Maybe that’s because he doesn’t know about all of the evidence that supports plate tectonics. You are now experts on the theory so your assignment is to tell the author about it. You are an important geologist, writing to the author to teach him about this theory. You will be graded on how well you explain the different parts of the theory and the evidence that supports it. Do NOT use any piece of evidence that the author already knew about.
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CHAPTER FOUR

The Crust

THE CRUST OF THE EARTH, AN EPIDERMIS OF MINUTE THICKNESS, IS THE MOST ACCESSIBLE part of our planet to measurement and study, and accordingly we know a great deal about it. Its gross features have been mapped, its mountains scaled, its ocean depths plumbed. But the crust is far from being a permanent structure, and its present configuration is only a phase in the violent history. …The crust has a poor memory, and delights in obscuring its past by smoothing down the rough places and filling in the hollows; but it cannot suppress the rumblings indicative of inner turmoil, and so we have a better then sporting chance of arriving at the truth.

…The pattern of the continents has another striking feature. If North and South America were to be slid across the Atlantic, they would mesh like pieces of a jigsaw puzzle with the western edges of Europe and Africa. Left behind would be a vast gash, larger than the present Pacific Ocean. 

… The big question here is the matter of continental drift, a brilliant, closely reasoned, and once widely-believed idea whose factual basis, like the Cheshire cat, has imperceptibly vanished into thin air.

The theory of continental drift was originally devised by Alfred Wegener as a means of explaining the parallel evolution of living things throughout the world. Going back through the ages, the fossil record shows that whenever a new species appeared it did so everywhere that a suitable habitat existed. There are, of course, a few isolated exceptions-kangaroos are purely Australian-but, for the most part, evolution proceeded at the same rate on all the continents and in all the oceans.

The standard explanation for this uniform biological development was a series of land bridges linking the continents together plus a series of channels joining the oceans. After a while, as paleontology developed, more and more bridges and channels became necessary. It does not take much imagination to predict what happened: half the biologists had bridges between the various continental regions, while the other half claimed that channels separated them in the same places. And, furthermore, what became of the various bridges and channels? It is hard to see how, with their deep roots, the bridges could have descended into the sea to vanish completely. Wegener was on firm ground when he searched for an alternative to this scheme.

What Wegener suggested instead was that, a few hundred million years ago, the continents had a radically different arrangement than they have now. His idea was that the globe looked something like Figure 13 then, with North America and Europe joined together while Sound America, Africa, India, and Australia composed the continent of Gondwanaland. Later, as time went on, the pattern changed to Figure 14, and ultimately to what we have at present. Wegener took quite seriously the “floating” of the continents on a plastic substratum, and held that if up-and-down movements are possible, horizontal ones are also.

The drifting of the continents over the face of the earth found support in data regarding prehistoric climates. A little over two hundred thousand years ago South Africa, India, Australia, and part of South America were burdened with great ice sheets, while at the same time a tropical rain forest covered North America, Europe, and China. At various other times, there was sufficient vegetation in Alaska and Antarctica for coal desposits to have resulted, and so currently frigid a place as Baffin Bay was a desert. Wegener and his associates examined what has known about the climates of the distant past, and tried to arrange the continents at each geological period as that the glaciers were near the poles and the hot moist regions were near the equator. Since the continents were allegedly free to move about, this seemed easy enough to do.

Continental drift, then, has some very attractive aspects. It is when we examine the forces that were supposed to have pushed the continents from place that we meet with difficulty. The principal force invoked by Wegener was the one discovered by Baron Roland von Eotvos in 1910. Eotvos found that a mass floating on the surface of a rotating liquid sphere of nonuniform composition will tend to move toward its equator. As a consequence of the resulting equatorward motion, Wegener supposed that a westerly drift would also occur. A meteorologist by profession, he was familiar with the fact that the effect of the earth’s rotation on moving are masses-which appear as winds-is to cause in them a deflection to the right in the Northern Hemisphere and a deflection of the left in the Southern. If the floating land masses behave in this was also, their progress to the equator under the influence of the Eotvos force would result in a westerly drift.

The trouble is that the Eotvos force is a relatively minute one. If the continents were floating in a real liquid, even small forces would suffice to produce perceptible motion.

However, the mantle, while deformable in the sense that modeling clay is, is hardly liquid; a careful analysis by Sir Harold Jeffreys shows that the most rapid possible drift would only amount to a mile every hundred thousand years.

In addition, Wegener considered the crustal layer beneath the ocean floor as so weak that it would not impede the drifting continents. Unfortunately this layer happens to be exceedingly strong and rigid, more so than the continental blocks themselves—so that if enough force was present, the continents would buckle first. (The latter, in fact, is believed to be one of the causes of mountain building. According to Jeffreys, “it is hard to see how any mountains at all could be formed without something strong pushing the continents from all sides.”)

With continental drift out of the question, what shall we do about the near-simultaneity of evolution around the world and the radical changes in climate in the past half-billion years? Without pretending to be the final word, two types of geophysical processes have been suggested which offer at least partial answers and have the paramount virtue of obeying the laws of nature. The first concerns probable changes that have occurred in the topography of the earth, which would affect climate as well as promote the migration of animal and plant life from continent to continent. Let us look as a specific example.

From the Arctic to the Antarctic a great range of mountains runs under the Atlantic Ocean, neatly following a middle course between the Americas on the side and Europe and Africa on the other. Despite this there are places in the Ridge where samples of the sediment forming the ocean bottom are littered with fossil fresh-water diatom shells….Fresh-water diatom shells on the floor of the ocean can mean only one thing: at one time this region must have been above sea level, and the diatoms lived in ponds or lakes at those spots.

There is, then, good reason to believe that the entire Mid-Atlantic Ridge once projected from the ocean, forming an immense north-south land barrier and providing the basis for an ambitious theory. According to the latter, the Ridge blocked the Gulf Stream, keeping its warm waters from the now land-locked Arctic. Meanwhile a southern current originating on the other side of the Ridge provided a source of balmy moist air to North Africa and the Iberian peninsula, making them huge verdant gardens and enabling them to support an extensive civilization. All this time, of course, the vast, barren glaciation of the most recent ice age covered northern Europe and America.

Then, about ten thousand years ago, the Mid-Atlantic Ridge began to sink. The Gulf Stream flowed north uninterrupted, melting the glaciers and bringing a milder climate. …The consequent change in North African climate converted the once green Sahara into an immense desert, in a migration that is part of history. We can speculate speculate that the Atlantis of Plato had its genesis in legends told Rameses III and his court by visitors (or captives) whose ancestors knew of the former glory of the Mid-Atlantic Ridge.

Geological events of this kind, which also provide stepping stones across the oceans, offer part of the solution to the evolution problem. When combined with the possibility of the migration of spores, seeds, perhaps even eggs, in debris carried along by ocean currents, we have a case which, though marginal, does less violence to the facts than continental drift …With regard to the climatic problem, local changes in the crust, helpful in certain specific situations, are not entirely sufficient. 

What will do the trick is a sliding of the entire crust over the mantle, leading to an apparent wandering of the poles. This sounds at first more wild than continental drift, but it actually has a much more secure foundation. Given polar wandering, frigid, temperate, and torrid climates would move across the world, and such anomalies as coal in Antarctica and glaciers in India need puzzle us no longer.

The arguments we have given against continental drift, namely the weakness of the only forces that might cause it and the stiffness of the ocean floor, do not apply to polar wandering. With a time scale of some hundreds of millions of years, the adhesion between crust and mantle-which is to say, the plasticity of the upper mantle-is not too great for perfectly reasonable forces to produce the sliding indicated by paleoclimatology.

F. A. Vening Meinesz has worked out the effect on the crust of convection currents in the mantle similar to the ones presumed to have participated in forming the continents. If the crust has shifted by 90° relative to the earth’s axis in a half-billion years, the internal currents must been flowing at the rate of a few inches per year. This figure is acceptable on the basis of what we know about the mantle, but we must bear in mind the distinction between the possible and the actual.

More recently Thomas Gold has examined polar wandering from a different point of view. A beetle on the earth’s crust will cause it to move relative to the axis of rotation merely by sitting in the right place for long enough. In the same way, a newly-formed projection from the earth’s crust say a young mountain range which has not had time to subside into the mantle or be substantially eroded-can lead to polar wandering. For example, if a continental mass the size of South America were suddenly to rise by forty feet, the crust would slide over the mantle at the rate of several hundred feet per year until the projection reached the equator.

Gold’s suggestion is a promising one, particularly since the crust is known periodically to undergo convulsions which furrow its surface. We shall return to polar wandering in Chapter 6, where some very strong evidence in favor of it will be described.
