Plate Tectonics

Find or buy a globe of the world and look at it.  What do you see? Do you see a completed, or partially completed, puzzle, with continent land masses as the pieces of the puzzle??! Wegner did! Next, find a Mercator project, make a Xerox copy of it or make a tracing and then cut out the pieces (the continents) and try to put "the puzzle" together  without the oceans.  See how continents fit or don't fit, especially the continents of Africa and South America. A mercator map projection distorts the land masses and the oceans, especially the further north or south you go towards the poles.

Yes, there is an amazing "fit" among some of the continents, especially the fit of  Africa and South America.  Your textbook shows the fit, or better yet should you create your own puzzle and then put the pieces together. Are you convinced?  Italy is shaped just like a woman's old  boot (with high heels)!  Was Italy derived from a woman's boot?!!  Hmm!!

In Wegner's time, his idea was viewed with lots of skepticism--basically it went over like a lead balloon.  Why?  Well, for one thing what conceivable processes could have moved the large land masses? Have you every tried to push an "18 wheeler" (those big trucks that pass you on interstates) with your car!  Don't try it: I don't want a liability case for the university.  Also, during the time of Wegner thought the oceans had been around since the beginning of time--4 + billion years ago.

When Wegner proposed his idea,  we knew little about the dynamics of the interior of the earth; let's face it the whole idea  of "drifting continents" seems pretty far-fetched even today!   

Circa 1950s-60s: It was not until the 1960s that startling discoveries were made almost every day about mantle composition and movement, mid-ocean ridge genesis, and the formation of trenches.  We will come back to continental drift several times during our discussion of sea floor processes.  The 1950s-60s was a revolution in ideas of ocean basin formation and moving continents. A couple of key names: Professor Harry Hess (Princeton Univ) and Professor Tuzo Wilson (Univ of Toronto).

Sea-Floor Spreading

So, decades passed by since Wegner first proposed continental drift; few people took note of his theory, let alone believed it.  In the meantime a great deal was being learned about the shape and topography of the bottom of the ocean.

The well -known map of the sea floor showing all the ocean basins was produced by Bruce Heezen and MarieTharp and published in National Geographic Magazine. Theses maps were created based on a huge number of depth soundings made during the 1940-60s using the precision depth recorder (PDR). The PDR was a standard piece of equipment on all research vessels, Navy ships, and most other ships, especially after World War II. Heezen and Tharp pieced together the the PDF recordings (thousands of recordings) to make their now famous map showing the physiography of the sea floor;  go right now to page 104 in your textbook to see one of their maps. Too bad that on page 104 the textbook author, Tom Garrison, does not credit Heezen and Tharp for their monumental effort in describing the bottom topography of the ocean. 

We will look at the Heezen and Tharp maps,  seeking out  the location of the mid-ocean ridges, deep ocean basins,   trenches, the thousands or so of transform faults, continental shelves, islands, and submarine canyons. 

When people first started  examining the detail of the sea floor, especially the sediment composition and thickness, they recognized that the sea floor was not uniform with respect to sediment thickness.  Near or at the mid-ocean ridges there was  little or no sediment accumulation. But as one moved away from the axis of the mid ocean ridges sediment became thicker.  This feature was observed in both the Atlantic and Pacific Oceans. How can this be explained?  What would make sediment thickness thin (or absent) near the ridge and thick (or thicker) at distances away from the ridge?

The explanation came from Professor Harry Hess, Princeton University, who proposed that new (like a new car) sea floor was being created at the ridge axis. [It is interesting to note that Professor Hess spent an earlier career in the Navy and was fascinated by depth recording observations as his ship crossed  the oceans.] 

Because the sea floor at an ocean ridge axis is new (like this year's new Ford car or truck, or a Chevy if you are in to GMC products), there was little or no time for sediment particles to accumulate to become thick mat of material.   However, perpendicular and away from ridge, i.e. several thousand kilometers, the ocean bottom is older (like an old Ford model T, circa in the 1920s, by analogy) and thus the older seabed had more time to accumulate the sediment particles that continuously fall from the surface of the sea.  In the open ocean the sediment is primarly biogenic (derived from plants/animals), while nearer continents the sediment is comprised of a larger fraction of terrestrial (land) material. 

In large part sediment found in the deep ocean has its origin in surface waters where fallout (from the atmosphere) enters the ocean, or particles from rivers and streams empty into the ocean primarily on the surface (freshwater, even with particles, is less dense that seawater) and settle to the bottom, or organisms (mostly plankton) begin and end their life--then settle as dead or decaying stuff landing on  the deep seabed; much of the seabed is a gigantic, thick grave yard for plankton.    

Magnetic properties, the spreading sea floor -- magnetic anomalies/reversals, a wonderful clue to the mechanisms leading to sea floor spreading.

Professor Hess' idea  sounded reasonable but how could it be proved?  

Proof came from observations/interpretation on the magnetic properties of the sea floor in and around ridge axis by oceanographers in England in the early 60s.  For years oceanographers had been measuring the magnetism of the earth including the magnetic properties of the rock beneath the seawater.   The scientists towed a magnetometer behind a ship; the magnetometer measured magnetism, both relative strength and direction of magnetism.  Magnetism in a rock is a measure of the magnetic properties of the rock when the rock formed (melted lava became hard) to make the mid-ocean ridge.  The rock gets "its" magnetism by cooling from molten material to form hard, solid rock.   

Conceptually, view the molten rock as made up of little clumps or pieces of iron needles (e.g. sewing machine needles) or nails you might use to build a house.  As the liquid rock begins to turn hard (solidification process), the "needles" or "nails" behave like a compass needle, lining up (north or south) according to the  "current" direction of the magnetic field of Earth.  

What was observed in the magnetic records, expressed as anomalies, were bands of magnetism with one "set" in one direction, then, surprisingly, moving further from the mid-ocean ridges, the other sets of the bands have their magnestims in a reversed direction, and then reversed again--forming a pattern of pluses and minuses ( +-+-+-+-+).  

It was further discovered that these symmetrical patterns of reversals were found on both sides of a mid-ocean ridge.  

This was the "clue" or, in fact, the answer that led to the acceptance of the mechanism of sea floor spreading proposed by Professor Hess. If the bottom of the ocean were moving, Wegner was indeed on to something very interesting and with huge global signficance.

The reversals showed that liquid material (lava or liquid magma) oozing out from the ridge axis moves in more or less equal amounts and rates away from the ridge axis, kind of like a conveyor belt on both sides.  When the lava solidifies it assimilates the magnetic properties as the spreading process moved outward from the ridge axis.  Note that once the lava solidifies it no longer takes on any significant change in magnetic properties because the little "magnetic sewing needles" or "carpenter nails" are locked in place forever,  like a "grave yard" with all caskets lined up in one direction, and then a distance away all the caskets lined up in a different direction. 

This explanation of magnetic properties was offered by Fred Vine and his professor Dr. Matthews back in 1963 (Fred Vine was a graduate student at the time.). I personally recall when the Vine and Matthews paper (Magnetic Anomalies over Oceanic Ridges, 1963,  Natuure 199, 947-949) was published as I was in my first year of graduate school (Oregon State University) in oceanography; the news of Vine and Matthews'l discovery spread like wildfire and yells of amazement (by the geologists) were heard up and down the halls of the Oceanography Building at Oregon State University, Corvallis  The work of Vine and Matthews provided a very unique answer not only to sea floor spreading but also to continental drift.  A later more comprehensive paper was published by F.J. Vine entitled Spreading of the Ocean Floor: New Evidence (Science 154, 1405-1415)

The magnetic reversals.  The reversals patterns being very similar on both sides of the ridge axis was a "tag" to the continental drift process.  But what caused these very strange reversals?

There is  one (current) explanation: liquid material (lava) within the earth
changes its direction of movement within the core of Earth.  You can create a simple magnet by wrapping wire around a nail and connecting the ends of the wire to a battery. Try it at home.  The nail is now a magnet and you can pick up iron filings or other smaller nails.  You can make some iron fillings by run a file across an old steel bar, such as rebarb steel used in concrete.  The magnet is created because charge (derived from the battery) is circulating from one end of the wire to the other (through the battery) and in the proces it induces a small bit of "loose" iron atoms to line up creating little magnet bars up and down the needle or nail.  If you interchange \the wire leads to the battery (put the + on the - and the - on the +), the magnetic reverses.   

It is possible that the same process occurs within the bowels of the earth?   Currently, it is not possible to measure the movement of core material (moving electrical charges, as the core is rich in nickel and iron).  Totally unexplained also is the process that leads to a reversal in the movement of core material that would that would cause a reversal in the magnetic field of the earth.  Perhaps the wobble of Earth changes a small amount and the moving mass changes accordingly. Remember when you use to play with tops. The top would  spend a long time in spinning in one direction and then when it began to slow a wobble would appear and then soon the top went  "went crazy" hopping all over the floor; whn not go to ToysRus to buy a top: spin it and then watch the wobble develop.

One interesting observation is the "time" between magnetic reversals.  In the past this time has been less than a million years. But in other periods over geological time, 5-10 million years have elapsed between reversals.   The magnetic field itself provides a shield to biological systems preventing some unwanted energy and particles coming into the Earth's atmosphere from outer space. During the period of magnetic reversal, when the magnetic field is  in "neutral", for example, there may be little protection from high particles or radiation.  Some believe that large-scale loss of species may have occurred in that critical period when the magnetic field was idling in neutral. 

The big picture.  During class I will use some cutouts to show sea floor spreading and mid-ocean ridge formation/distribution.  It's all very fascinating because we are talking about continent size objects (plates) moving around and even hitting each other. We can't detect any of these changes in our [short] lifetime or even 1000s of lift times--this fact makes continental drift hard to accept.

Summary of Main Points Discussed Today

The continents and other parts of the lithosphere  are moving, even now, perhaps a few cm per year!  The process is called plate tectonics (because the continents and "other parts" are like plates); the continental portion is called continental drive. This very nice animation (see image) created in the UK shows the movement over the past 200 million years. Click on the chart to see the ocean basins form!!!
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Spreading centers associated with this movement are found along the axis of mid-ocean ridges.  Spreading occurs on both side of the axis.   As new molten material comes to the surface and cools, it takes on the magnetism of Earth's current magnetic field.  In the past, magnetic reversals have occurred.  These reversals provide a pattern in rock demonstrating the direction of sea floor spreading and is used to explain continental drift.  When will the next magnetic reversal occur? And, what will be the consequences of the reversal, especially to the biosphere?

