Homework 2 … Due Wednesday October 1, 2008
Consider the expression that only 10% of an iceberg sticks up above the ocean's surface, the rest being underwater. The basic idea is that the buoyancy of the underwater part "holds up" the above water part. The underwater part is big because ice does not have much buoyancy in water (because its density is only 10% less than water). 

1. Imagine that an iceberg 100 m thick is floating in the ocean, and that it contains a glacial boulder at a depth of 80 meters.  Now the iceberg slowly melts, but from its top surface only. 

A. Draw a sketch of the iceberg before melting start, showing the amount above and below sea-level and the position of the boulder.

B. Draw another, similar sketch of the iceberg after enough melting has occurred so that the boulder is exposed on the top surface of the iceberg.
C. How many meters of ice melted?
D. What are the earth-science implications of this scenario, when applied to mountains instead of iceebergs? In particular, what does it way about the amount of material available for erosion? And about how things deep in the earth can be exposed on the surface? You might want to read Question 2 before writing your answer.

2. [background part] The lithosphere of the earth can be thought of as a sort of "rockberg" floating on the asthenosphere of the earth. Like in the iceberg scenario, the density of the lithosphere (say 2800 kg/m3) is only a little less than the density of the mantle (say 3250 kg/m3), so the below-sea-level part of the lithosphere is larger than the above-sea-level part. If the overall thickness of the lithosphere is T and the above-sea-level part is h, then the above densities imply h=0.14T (call this formula 1). Suppose that we start out (say at time t=0) with 100 km of lithosphere, T=100 km. This lithosphere will stick out high into the air and make a mountain range. We will hypothetically assume that the erosion rate, E, depends on elevation above sea-level (since high mountains imply steep, quickly flowing rivers) by the formula:  E = (h/1000)2 (call this formula 2) where E is measured in meters per thousand years and h is measured in meters.

[What you need to do] Make a graph of the height of the mountains as a function of time, and interpret the results.  Comment upon the: A) thickness of lithosphere; B) the height of the mountain and C) the amount of material that is eroded (in km), all at the end of 2,000,000 years.
[Steps you need to take to do it] by following these steps.  You would do best to use a spreadsheet, like EXCEL, to do these calculations.  Make sure that you consistently work in units of meters. Don’t mix kilometers with meters!

Start at time t=0, when the lithosphere is T(t=0)=100 km=100,000 m thick. Calculate the height, h, of the mountains using formula 1. Now plug the height of the mountains, h, into formula 2 to calculate the erosion rate, E.  Assume that the erosion rate is more-or-less constant for a short interval of time, say, 25,000 year, so the change in thickness over 25,000 years is T=25,000E.  Subtract this from the T from T(t=0) to get an estimate of T(t=25,000 years).

Repeat the process, starting with the T(25,000) and to get an estimate of the thickness at 50,000 years.  Note that you must recalculate both h and E during this step. The mountain starts out at a lower elevation, so the erosion rate is lower, too, during the second 25,000 year interval.
Keep repeating until you reach time t=2,000,000 years. (Reality check: If T or H become negative, something is wrong! This process cannot make a hole in the asthenosphere).
Organizing the spreadsheet so that the columns are t, T, h, E, T and so that rows correspond to times, t = 0, 25,000, 50,000 … 2,000,000 years might help.  In the interest of saving paper, include a printout of only the first few rows and last few rows of the spreadsheet in your answer.
