
(Adapted from “Exercises in Physical Geology” by Kenneth Hamblin and James Howard)

The objective of this exercise is to determine the zones of normal and reverse polarity along each track of a research vessel’s transits of the Mid Atlantic Ridge and to correlate the zones along this part of the ridge.  From that work, you should be able to determine the spreading rate along this section of the ridge.

INTRODUCTION

When a lava cools and solidifies, the magnetic domains within the iron minerals contained in the lava align in the direction of Earth's magnetic field. The solidified lava thus preserves a record of Earth's magnetic field at the time the rocks were formed. As early as 1906 scientists recognized that the poles of the magnetic field preserved in some rocks were oriented in the opposite direction from the poles evident in other specimens, as if Earth's north and south magnetic poles had switched places.

Subsequent studies showed that these magnetic reversals do, indeed, occur, and that the magnetic poles have been reversed many times during the geologic past. The effect of these reversals has been to create periods of "normal" magnetism (periods in which the polarity matched the present position of the north and south magnetic poles), and periods when the magnetic field was reversed.

To test the plate tectonics theory, scientists proposed that, if new oceanic crust is created at the oceanic ridges by the extrusion of lava, then the rocks on the ocean floor adjacent to the ridges should preserve a record of the periods of normal and reversed magnetism. If we measure the strength of Earth's magnetic field across the ridge, a series of anomalies, or differences, should occur. Where rocks solidified during periods of "normal" magnetism, higher values should be found because induced magnetism adds to the present strength of the magnetic field. Lower values should be found in rocks solidified during reversed magnetism, because the polarity of these rocks reduces the local effect of Earth's present magnetic field.

If we were to map the magnetic anomalies across the oceanic ridge, alternating bands of high and low magnetism should appear on both sides of the ridge, one side being the mirror image of the other. Such a pattern would provide strong evidence for sea-floor spreading and the theory of plate tectonics.

The map accompanying this page is of a portion of the Atlantic Ocean and the magnetic measurements made by a research vessel as it crossed the ridge on four traverses. When the curve on a traverse is above zero, the strength of the magnetic field is greater than normal (the paleomagnetism in the rocks is adding to the strength of the present magnetic field). Where the curve drops below zero, the strength of the magnetic field is less than normal because the paleomagnetism in the rocks has a reverse polarity and thus reduces the present strength of the magnetic field.

PROCEDURE:

a. On curve A, note the points where the magnetic curve intersects the line of zero field strength. To emphasize the negative anomalies (areas below the zero line of the curve), shade them gray with a soft pencil. The first two adjacent to the ridge crest are done to illustrate. Do the same for curves B, C, and D.

b. On curve A, color the positive magnetic anomalies as follows:

youngest = red

next youngest = orange

next youngest = light green

and next youngest = dark green.

Do the same for curves B, C, and D.

c. The Mid-Atlantic Ridge is offset by numerous fracture zones. We have generalized this segmentation of the ridge by showing only a few major fracture zones between each traverse. The next step is to interpolate the patterns of magnetic anomalies between each traverse. This can be done by projecting the crest of the ridge perpendicular to the fracture zone and then extending each positive anomaly from the measured curve up to the fracture zone. This creates bands of magnetic anomalies offset by fracture zones.

d. Color all positive anomalies red, orange, light green, and dark green, as you did on the measured curves.

e. Describe, briefly, the patterns of the magnetic anomalies shown on the map that you have constructed. Do the patterns cross or parallel the oceanic ridge? Are the patterns on either side of the ridge similar or different?

f. Write a brief paragraph explaining how the pattern of magnetic anomalies on the sea floor supports the theory of plate tectonics.

g. Refer to the accompanying geomagnetic time scale and determine the age of each band on the map.

h. Calculate the average rate of spreading of the floor of the Atlantic Ocean during the last 3 million years. (Use the map scale and the time duration of the rock units determined from the geomagnetic time scale.)

******************

The Geomagnetic Reversal Time Scale

The reversal sequence of the magnetic field was first calibrated for the last five million years by dating basalts of known polarity. For historical reasons, the polarity sequence has been broken down into times of dominantly normal polarity and times of dominantly reversed polarity. These time units are known as Chrons. The most recent four chrons are named after great scientists who contributed significantly to our understanding of the geomagnetic field. Here is a recent version of the Geomagnetic Reversal Time Scale (GRTS) for the last five million years.
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