
GEOL 452 - Mathematical Tools in Geology
Lab Assignment # 6 - Feb 25, 2010 (Due March 9, 2010) Name:

Geology and Calculus

A. Volume of San Nicolas Island

San Nicolas Island is one of the remote and smaller islands off the coast of Los Angeles. It is
officially in Ventura County and is currently occupied by the US Navy for testing and training.
How could you calculate the volume of an island ? Use the topo map that you have, and
perhaps the 3-D styrofoam models to estimate the volume of San Nicolas Island.

1. Volume - Method 1: Use the 3 layer styrofoam block model to make a rough estimate of the
volume of San Nicolas Island - restricted to the portion above sea level. As a possible aid, the
area of an ellipse can be calculated in a similar manner as the area of a circle. Instead of
Acircle = πr

2, the area of an ellipse is Aellipse = πa · b, where a is half the major axis and b is
half the minor axis.
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2. How close do you think your above calculation is to the real volume of this island ? Is it
high or low ? Can you think of anyway to get this calculation closer to the actual volume of
the island ?

3. Volume - Method 2: Use the 5 layer styrofoam block model to repeat the volume
calculation you did in #1. How does your answer compare to the first value ? Do you think
this is closer or farther away from the true island volume ?

4. Try to represent your previous volume calculation of the block models mathematically using
these symbols, V for volume, summation noted by

∑n

i=1
(here note what value n holds), Ai for

area, and ∆h for block height.

5. Can you think of any other ways that you might have estimated the area of each of the
blocks ? If so, describe in words and perhaps an equation how you might go about it. (No
need to redo the calculation).
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Summing up small parts of an object to determine it’s volume is the process described by
integration as the limit of each part in the sum gets very small. Rewrite the operation you
performed above by using an integral sign,

∫
. Write a sentence or two in words describing

what this equation means.

B. Dig a Canal Across San Nicolas Island

You have just been consulted by the US Navy who wants to dig a sea-level canal from one side
of San Nicolas Island to the other. Leaving aside environmental questions, suppose the canal
must be 50ft wide and extend along A - A’ as shown on the topo map you have. To report a
cost estimate for the project, determine how much material must be removed for the canal (all
above sea-level).

6. To determine the volume of material in the canal, first make a profile of the topography
across the island along A - A’. You may want to organize this as 2 columns of data for
horizontal distance and elevation (contours on your photocopy map should be in feet). For a
distance scale, look at the cross hairs farthest west on your map. The north cross (offshore) is
exactly 2.5 minutes from the next cross hair to the south (along the same longitude) located
on the SW coast. (Assume 111 km per 1◦ latitude.). You can choose a subset of the contours
but use enough to get a good sampling of major changes in topography across the island.
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Extra credit: All cross hairs are 2.5 minutes apart. To determine horizontal distance on the
map, why is it better to use cross hairs along a line of longitude rather than along lines of
latitude. ?

7. Plot your profile on the graph paper provided or on your computer (in Excel or Octave) and
print out. Be sure that the units you use for horizontal distance is the same as the units you
use for elevation (convert if necessary). To estimate the volume of material to remove for the
canal, you must determine the area under the topographic profile which you have drawn.
Speculate on several ways that you could do this ?

8. To estimate the volume under the topographic profile, draw columns or regularly spaced
vertical lines from the current island surface on your topographic profile to sea level spaced a
maximum (or smaller) of 200 m apart. How can you use these columns to determine the area
of material under your profile ? Give your estimate for the area under this profile.

9. Now determine the full volume of the proposed material to be removed for this canal which
should be 50 ft wide. Give your answer in meters.
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10. Congratulations you have just performed integration to determine the area under a curve!
Integration is simply the sum of small pieces of an object to determine it’s full volume. Write
a mathematical expression for what you have done using the integration symbol,

∫
, area (A),

h(x) for height of your columns, and dx for each column width.

11. The NAVY has decided that they can afford this canal and you must now hike across the
island to determine the rock types involved and identify any obstacles to excavation. Use your
topographic profile to determine how much elevation gain you and a small group of NAVY
personnel will be required to hike along your trip. Draw a second graph directly below your
topographic profile with ”Slope” on the y axis and ”Horizontal distance” on the x axis.
Measure the average slope over horizontal bins of 500 meter sections from A to A’. (Hint: How
will you measure slope ?). You might want to make 2 columns of data for these calculations
and plot them on a separate graph below the topographic profile.

12. Where is the slope steepest, where is the slope most gentle ?

13. Your topographic profile can also be described as a continuous function. For the case of
the profile from A to A’, the function can be approximated by this 3rd degree polynomial
equation (a higher degree polynomial will give a better fit - you can try this by fitting a curve
to your data in Excel or Octave if you like):

h(x) = 1.6 × 10−9
x

3
− 3.4 × 10−5

x
2 + 0.16x − 26.3. (1)

Try to plot this equation in Excel and see how well it fits your topographic profile. Describe
where the fit is good and where there are discrepancies.
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14. Now take the derivative of equation (1), with respect to x (horizontal distance). Write this
derivative equation for h′(x).

15. Plot h′(x) with your plot of slopes determined in step #11. If your topographic profile is
well fit by equation (1), then your plot of slopes should be well approximated by the derivative
of this equation. In short, this means that slopes (or rise/run) is a way of obtaining the
derivative of a function.

16. Write the equation of a derivative for the slopes of your profile in general using these
symbols, h

′(x), lim∆x→0, h(x + ∆x), h(x), and ∆x. Describe in words what this equation
means and what each symbol refers to in your measurements. What does the limit of ∆x → 0
mean ?
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