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Seafloor Spreading
Annotated Teacher Edition

http://serc.carleton.edu/geomapapp
Why? In the plate tectonic model, Earth’s tectonic plates rift apart at oceanic spreading centers. There, upwelling magma cools, and crystallizes forming new igneous rocks along the edge of the plates.  As seafloor spreading continues the new rocks move away from the spreading zone.  Here, in GeoMapApp, we analyze seafloor age data and calculate spreading rates in different areas of the world.  We find a wide range of results, all of which support the tectonic model of Earth. 

Structure of GeoMapApp Learning Activity: As you work through the GeoMapApp mini-lessons you’ll notice a box, (, at the start of many paragraphs and sentences. Check off the box once you’ve read and understood the content that follows it.  Doing so will help you keep your place on the worksheet as your attention moves back and forth between your computer screen, your instructions, and your answer sheet.  This ( symbol indicates that you must record an answer on your answer sheet. Action steps are numbered like this: 15. (   Questions are lettered and indicated by the ( symbol, like this: 15a. ((.
Red text provides pointers for the teacher. Each GeoMapApp mini-lesson is designed with flexibility for curriculum differentiation in mind. Teachers are invited to edit the text as needed, to suit the needs of their particular class.

Learning Outcomes: By the end of this lesson, you should be able to:

· ( Analyze data related to the age of seafloor crust

· ( Calculate seafloor spreading rates using profiles of seafloor age versus distance

· ( Analyze and compare spreading rates at various locations on Earth and at various times in Earth’s history

· ( Speculate about the effects of tectonic activity on seafloor spreading rates
· ( Load and explore various grids in GeoMapApp

· ( Create seafloor age profiles in GeoMapApp

In the Atlantic Ocean, the seafloor spreading center is roughly in the middle of the ocean, giving rise to the term Mid-Atlantic or Mid-Ocean Ridge. However, not all spreading centers are in the middle of ocean basins, and in Iceland, the spreading center actually is on land. To avoid confusion, the terms Mid-Atlantic and Mid-Ocean Ridge are not used in these exercises, and all zones of plate divergence are called “spreading centers.”  In these GeoMapApp learning activities, we use the SI abbreviation Ma (mega annum) for million years, and the widely accepted mya for million years ago.
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1. ( Start GeoMapApp. Under the Basemaps tab select Global Grids, then select Seafloor Bedrock Age (Muller 2008 v3). The Seafoor Bedrock Age grid will load and a Contributed Grids window will appear. Sometimes the Contributed Grids window will be ‘parked’ in your Windows taskbar.  If that’s the case, simply open it from there.
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2. ( In the GeoMapApp window, turn on the Zoom tool [image: image12.jpg]geoliepiipp
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 and zoom in to the South Atlantic seafloor as shown in the image below:

3. ( In the Contributed Grids window, turn on the profile tool [image: image2.bmp]…
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4. ( …and in the map window, left-click the cursor to draw a profile line from west to east across the South Atlantic seafloor as shown in the image below.  Make sure your profile line is perpendicular to the spreading zone it crosses.  When the cursor is released, the profile appears in a new window. You may need to move the Profile window if it covers your map.
GeoMapApp users can select to draw profiles along Great Circle routes or along Straight Lines by clicking the appropriate radio button at the top left of the Profile window.  The profiles used in these exercises are either drawn near the equator or roughly north – south along a meridian, so there is very little difference between a Great Circle and a straight line on the map.  So in this exercise, it doesn’t matter which one students select.  See the Exploring Earth’s Topography learning activity for an example where it does matter.
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5. ( Spend some time exploring and studying the profile.
5a. ((What are the two variables used to draw the profile chart, and on which axes are they plotted? Distance along the profile on the x-axis and Age of Seafloor in millions of years on the y-axis.
5b. ((How many years are represented by each interval (step) on the y-axis? 10 Ma
5c. ((What distance is represented by each interval (step) on the x-axis? 100km
6. ( Run your cursor along the graph in the Profile window and notice that its geographic location is shown as a red dot on the profile in the map window.  ( Notice that the distance along the profile is measured from the point where you started your profile to the point where it ends.  ( And, finally, notice that the latitude, longitude, and age of bedrock are displayed at the top of the profile window for any cursor location on the profile. 
6a. ( (Where along the profile are the youngest rocks? 
6b. ( (Describe how the age of seafloor bedrock changes as you travel from the spreading center to the South American and African coastlines.
The youngest rocks are in the middle of the south Atlantic ocean, or more specifically at the spreading center. Depending on where students started their profiles, that will be ~ 2,300 km from the western end of the profile. The rocks get older as you move away from the spreading center.
6c. ( (Is the age-distance profile roughly symmetrical on either side of the spreading zone? Yes
6d. ( (In a sentence or two, describe what is meant by the symmetry of the age profile – what does it tell us about the ages and motion of rocks on either side of the spreading zone? At equal distances on either side of the spreading center, the rocks are approximately the same age.  That indicates that the seafloor is spreading at approximately the same rate on either side of the spreading zone.
7. ( Rate is described as a change in distance over a period of time. The average rate of seafloor spreading during a particular period of time can be determined by analysis of the profile chart as shown in the following worked example. Pay attention because you’ll be doing a similar calculation later on:
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( First we pick 2 points on the profile and determine the distance and age represented by each point (in this example, we’re using points A and B on the chart below). Distances will have to be read from the chart, while the age values can be read from the chart, or from the text at the top of the profile window.  
( Then we calculate the distance span and time span between the points A and B.

( To determine the rate at which the seafloor is moving eastward from the spreading center during the last 50 Ma (Ma stands for mega-annum.  It is the scientific abbreviation for million years) we divide the distance the seafloor moved by the time it took to move from place A to place B.  In the example above, the rate of seafloor spreading is

Distance seafloor traveled / time it took to travel
or

(1080 km / 50 Ma) = 21.6 km / Ma
( It’s hard to visualize 21.6 km, and even harder to imagine a time span of 1 million years.  Spreading rates are more often reported in millimeters (mm) per year, a unit more easy to grasp.  One mm is about the thickness of a pencil line – your thumbnail is about 10 mm across, and there are 25.4 mm in an inch.

( There are 1000 mm in 1 m, and there are 1000 m in one km.  There are, then, 1 million mm in 1 km, and 1,080,000,000 mm in 1080 km.
( Our spreading rate, then, can be calculated as:

1,080,000,000 mm / 50,000,000 years = 21.6 mm/yr

(notice that the number of km/Ma reduces to same number of mm/yr !)

8a. ( (Your turn! Using the methods described above, calculate the rate at which the seafloor was spreading during the time span between points C and D on the chart above. Enter your answer in the data table on your student answer sheet.

Distance at C ~ 2100 km, and distance at D ~ 1000 km

Distance seafloor moved between C and D = (2100 km – 1000 km) = 1100 km

Age of seafloor at C ~ 20 Ma, and age of seafloor at D ~ 70 Ma
Time for seafloor to move from C to D = 50 Ma
Rate of spreading = (1100 km / 50 Ma) = 22 km / Ma or 22 mm / yr.)
8b. (( Are the rates calculated on either side of the spreading zone in this area similar?  Yes  How could you have known that they were similar by simply looking at the graph? The absolute values of the slopes of the profile are similar on both sides of the spreading center. 
8c. ((How much wider is the South Atlantic getting each year? (That is, what is the combined spreading rate?)  Enter your answer in the data table on your student answer sheet.
~ 43.6 mm / yr.  Each calculation made above determined the rate of movement away from the spreading center, so the total rate of seafloor spreading across the South Atlantic basin is the sum of the two calculations)
8d. (( Explain how and why the appearance of this profile would change if the seafloor had been spreading at a much greater (faster) rate? The profile would not be as steep, because the seafloor would have moved much farther in a given amount of time – the age of the seafloor at a given distance from the spreading center would be younger.

9a. ( (Using the methods described above, determine the spreading rate along a profile drawn from 133°W, 27°S to 90°W, 32°S in the South Pacific Ocean.  Remember to calculate the spreading rate on both sides of the profile. Show your work and record the results in the table on your answer sheet.

	Location

Description
	Approx. Start 

Long, Lat
	Approx. End

Long, Lat
	Spreading Rate

Left of Spreading Center (mm/yr)
	Spreading Rate

Right of Spreading Center (mm/yr)
	Combined Seafloor Spreading Rate

(mm/yr)

	South Atlantic 
	37°W,22°S 
	10°W,12°S
	22
	21.6
	43.6

	South Pacific
	133°W,27°S
	90°W,32°S
	60
	112
	172


10. ( ( Write a brief comparison of the spreading rates in the South Atlantic and South Pacific
The South Pacific seafloor is spreading at a rate that is about 4x as fast as the South Atlantic.
11. ( Refer to the NY Earth Science Reference Tables, or any world map of tectonic plates. Study the edges (also called margins) of the Pacific and Atlantic Oceans, paying particular attention to the presence or absence of plate boundaries along the margins. Then answer the following questions:

11a. ( ( What type of large-scale plate tectonic activity occurs on the margins of the Atlantic Ocean and the Pacific Oceans? Describe the differences between them.
The Pacific margins are dominated by the subduction of Pacific seafloor.  The Atlantic margins are passive margins, and the Atlantic seafloor is essentially attached to the continents at its margins.
11b. ( ( Speculate on how the differences you’ve described above may influence the spreading rates you have calculated for the Atlantic and Pacific Oceans.

Compared to the passive margins around the Atlantic, it appears that slab pull in the subduction zones around the Pacific margin adds to the ridge push at the spreading center, and that these combined forces increase the rate at which the Pacific lithosphere moves away from the spreading center.  For more on slab pull and ridge push, read, for example, this from the University of Michigan: http://www.umich.edu/~gs265/tecpaper.htm#PDF
12. ( Draw another profile across the Indian Ocean from Australia to Antarctica (from about 130°E, 33°S to 134°E, 63°S).  Remember that the profile should be perpendicular to the spreading center.  It will look something like the profile drawn below:
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13a.  ( ( Make the necessary measurements to calculate the spreading rates on either side of the spreading center during the most recent 40 Ma (i.e. for the two segments like those labeled A and B on the profile above), and from 40-80 mya (mya = million years ago) similar to the two segments labeled C and D on the profile above. Show your work in the space provided and record your results in the table on your student answer sheet.

13b.  ( ( Calculate the combined spreading rates to determine how fast Australia and Antarctica are and were separating from each other.  Show your work and record your results in the data table on your student answer sheet.
	Location Description
	Approx. Start

Long, Lat
	Approx End Long, Lat
	Spreading Rate

(Present – 40 mya)
	Spreading Rate
(40 mya – 80 mya)

	
	
	
	Left (north) of Spreading Center (mm/yr)
	Right (south) of Spreading Center (mm/yr)
	Left (north) of Spreading Center (mm/yr)
	Right (south) of Spreading Center (mm/yr)

	Australia -Antarctica
	130°E, 33°S
	134°E,63°S
	33.6
	28.4
	5.1
	6.9

	Combined

Rate (mm/yr)          62
	Combined

Rate (mm/yr)         12


14a. ( (Where were Australia and Antarctica relative to each other 80 mya?  What tectonic process has been occurring between them since then?  They were much closer to each other.  Seafloor spreading has been occurring between them since then.
14b. ( (What change took place in that activity between 40 mya and 50 mya?  The spreading rate increased dramatically and whilst the exact cause is unknown it is thought to be due to a change in the global plate motion circuit. About how many times faster are the plates moving today than they were 80 mya?  The spreading rate increased by a factor of five!
15. (  Review all of the spreading rates that you have calculated so far.
15a. ( (At the present time, are seafloor spreading rates around the globe roughly the same?  Explain your answer with supporting evidence from the profiles and from the spreading rates you’ve calculated throughout this activity.
No.  The Atlantic seafloor is spreading at ~ 43mm/yr, while the Pacific is spreading at more than 170mm/yr.
15b. ( (Is the spreading rate at any particular spreading center necessarily constant over time?  Explain your answer with supporting evidence from the profiles and from the spreading rates you’ve calculated in this activity.

No.  The spreading center between Australia and Antarctic is spreading 5x faster today than it has in the past.
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