SEA FLOOR SPREADING

For at least 100 years, scientists have known that a ridge exists in the middle of the Atlantic Ocean. This Mid-Ocean Ridge is the Mid-Atlantic Ridge. It is an active seismic zone, with lots of small earthquakes occurring there. The ridge is 6500 feet below the surface of the ocean, while the surrounding seafloor is approximately 20,000 feet below the ocean surface. Mid-Ocean Ridges (MOR's) are large underwater volcano chains. The world's MOR's extend for some 37,500 miles. In 1962, Harry Hess came up with a theory for why there was a global rift system. 

Hess proposed that new ocean floor was formed by rising magma at the rift of MOR's. He believed that the ocean floor moved laterally away from the ridge (where it was formed) and was later subducted (destroyed) in trenches along continental margins. He proposed that it was the convection currents that pushed the ocean floor from the MOR to the trench. At the same time, Robert Dietz proposed the same model, but he added that the sliding surface was at the base of the lithosphere, not the crust. 

TESTING THE SEA FLOOR SPREADING THEORY 

By 1960, Scientists had mapped the magnetic field generated by the rocks on the ocean floor. These rocks (mostly the mafic rock basalt) are magnetized because as the lava cooled, the magnetic minerals within the rock aligned to the Earth's magnetic field. The scientists noticed changes in the magnetic field from the MOR to the trench. These differences were mirrored on the opposite side of the MOR. The intensity of the magnetic field they measured was very different from the intensity they had calculated. The scientists detected magnetic anomalies (differences in the magnetic field from place to place). They found positive and negative magnetic anomalies. Positive magnetic anomalies are places where the magnetic field is stronger than expected. Positive magnetic anomalies are induced when the rock cools and solidifies with the Earth's north magnetic pole in the northern geographic hemisphere (as it is now). The Earth's magnetic field is enhanced by the magnetic field of the rock. Negative magnetic anomalies are magnetic anomalies that are weaker than expected. Negative magnetic anomalies are induced when the rock cools and solidifies with the Earth's north magnetic pole in the southern geographic hemisphere (as it has been in the past). The resultant magnetic field is less than expected because the Earth's magnetic field is reduced by the magnetic field of the rock. When mapped, the anomalies produce a zebra-striped pattern of parallel positive and negative bands. The pattern was centered along, and symmetrical to, the MOR. 

In 1963, Fred Vine and Drummond Mathews presented a hypothesis to explain why this occurred. 

Plate motion is measured in various ways including: 

(1) the distance between identical magnetic anomalies on either side of a spreading ridge,

(2) length and orientation of hot spot-generated island and seamounts chains, 

(3) quantitative comparison of expected and observed paleomagnetic signals preserved in the rocks making up the plate, 

(4) changes in paleoenvironment (i.e., tropical to polar) as determined from paleontologic and geochemical studies. 
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The first two methods are discussed here. 

By measuring the geographic distance between synchronous magnetic anomalies on either side of a Mid-Ocean Ridge, and assuming that spreading is perpendicular to the ridge, both the rate and direction of plate motion can be calculated. In the figure above, comparison of the magnetic timescale and the distance scale with the magnetic record preserved in the Oceanic Crust reveals that continents X and Y began separating ~80 my ago and traveled west and east respectively. The rate of spreading across the ridge was 8000 km/80 my (= 100 km/my or 10 cm/yr). 

The result achieved above can be independently verified by using the Hot Spots and their orientation to measure spreading rate and direction. In the diagram above, the seamount chain is oriented east-west and the seamounts become older eastward (A=0 my, D=40 my), therefore plate motion was west to east. The seamounts are spread over a distance of 2000 kilometers. Thus, the plate motion (or half spreading rate) was 2000 km/40 my (= 50 km/my or 5 cm/yr).
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