
Sea level change
There are many reasons that sea level changes.  In this exercise let’s figure out how much sea level can change in response to a few processes.

Useful information 
(From The Oceans by Sverdrup, Johnson and Fleming)
Surface area of all oceans, including adjacent seas = 361.059 x 106 km2
Volume of all oceans, including adjacent seas = 1370.323 x 106 km3 

Mean depth of ocean all oceans = 3795 m

(From http://pubs.usgs.gov/fs/fs133-99/gl_vol.html)
Volume of glacial ice = 32,909,800 km3 
density of glacial ice = 0.9 gcm-3 
(general knowledge)
Area as per cent of total for sea floor
ridges = 32.7 %

Spreading rates
fast = 12 cm yr-1
slow = 4 cm yr-1
total ridge length = 65,000 km
average ridge relief = 3 km
1.  Melting of polar ice caps.
Calculate the change in sea level height due to melting of all of the glacial ice on earth today.  
This number is high because it includes floating ice shelves (when floating ice melts the water level doesn’t change). 
2.  Thermal expansion of sea water.
A 1oC  increase in temperature causes the volume to water to change by a factor of 2.1 x 10-4 or 0.021%.Calculate out how much sea level changes when the temperature increases by 1oC.
3.  Change in spreading rate.  

Assume that by the time ocean crust is 70 my it has cooled and subsided so that it is no longer part of the ridge. 
Recall that fast and slow spreading ridges have different shapes.  Referring to the age-depth relationship make rough sketches of a fast and a slow spreading ridge.  What is the width of each?  
Using these estimates for width and relief and the length of all ridges (see beginning of assignment) determine the volume of the world ridges if all of them spread at a fast rate.  Determine the volume if all spread at a slow rate.

When is sea level higher, during times of fast or slow spreading rates?

Determine the difference in sea level between times of fast and slow spreading.


The figure below, from The Ocean Basins: Their Structure and Evolution, shows that since the start of the Cambrian sea level has been as much as 600 m higher than today.  We know that about 15,000 years ago sea level was about 100 m lower than today.  Therefore 700 m fluctuations in sea level are possible.  How does the number you calculated compare to this?  What are some of the reasons for the differences?
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Figure 6.17 A graph of estimated world-wide
sea-level since the start of the Cambrian Period.
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4.  The figure below, taken from The Ocean Basins: Their Structure and Evolution , shows that the amount of sea level change due to ice growth and decay can be determined by measuring the proportions of Oxygen isotopes.  A 0.1 per mil change in 18O is caused by a 10 m change in sea level.  How much has sea level fluctuated in the last 690,000 years?
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by Lauren Sahl, Maine Maritime Academy


