Geology 15 Activity 8 A
Tsunami
Materials:

Marigram recorded in San Diego, May 23, 1960.
Tsunami Travel‐Time Graph To San Diego.
Answer sheet

Source of information: Lander, James F., Patricia A. Lockridge and Michael J. Kozuch,
Tsunamis Affecting the West Coast of the United States 1806 ‐ 1992, NGDC Key to
Geophysical Record Documentation No. 29, National Geophysical Data Center, Boulder,
Colo., 1993, 242 p.
Distant Source Tsunamis
A distant‐source tsunami is caused by an earthquake or other tsunami source 1000 km
(about 2 hours travel‐time) or farther from a particular coastal region of interest.
Distant‐source tsunamis are almost always the result of large subduction zone
earthquakes. These earthquakes deform a large region of the sea floor, producing a
series of waves which may travel across an entire ocean. The great 1960 Chilean
earthquake (Mw = 9.5) produced a series of waves which devastated Hilo, Hawaii about
18 hours after the earthquake and coastal communities in Japan nearly 24 hours
afterwards. It also damaged a number of communities along the California coast,
including Crescent City.
Features of the Distant‐Source Tsunami:
• Waves arrive at a coastline without warning. The earthquake source is too far away
to feel.
• Waves may either arrive as a draw‐down (initial lowering or negative wave) or an
increase in the water height (positive wave).
• There is always a series of waves which are typically many minutes apart. The
interval between successive waves is not constant. The first wave is rarely the
largest in the sequence.
• Tsunami warning systems are designed to issue warnings so that orderly evacuations
of vulnerable coastal areas can be made before the first wave arrives.
• An earthquake which generates a significant distant‐source tsunami almost always
produces a major local tsunami along coastlines close to the source.
Marigrams:
Look at the marigram on the following page. Answer questions 1‐10 on the answer
sheet.
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A marigram shows the height of the ocean surface at a particular coastal site. When the
line moves up it means the water level is higher, the line moving down means a lower
water level. The gentle background curvature is caused by the tides (shown by the
dashed line); the sharper peaks show the tsunami waves. The time is listed in G.M.T.
(Greenwich Mean Time). This is the same as UTC. The marigram begins at 07:00:00 on
5/23/60.
1. What time (G.M.T.) did low tide occur?
2. Look at the first tsunami wave arrival. It is marked by the arrow. It arrives at
about 08:50:00. Was this wave positive (a rise in the water level) or negative (a
draw‐down in the water level)?
The amplitude of a tsunami wave is defined in the same way as a seismic wave. It is the
height from the median position to either the largest positive (crest) or negative
(trough). In this case, the median position is the tide as shown by the dashed line. You
can use the scale on the ordinate (y) axis to determine the amplitude of the tsunami at
any time. For example, the first positive wave (labeled by a "1"), has an amplitude of
about 1 foot. This first peak arrives at about 09:40:00. The absolute height of the water
when this wave arrives is 2.4 feet.
3. Look at the positive wave crests. What time (G. M.T.) did the largest amplitude
positive tsunami wave occur? Estimate the time to the nearest 5 minutes.
4. What was the amplitude (in feet) of the highest positive tsunami wave on this
record?
Tsunamis are sometimes called tidal waves because they often appear on shore as a
rapidly rising tide. The tides have nothing to do with the generation of a tsunami;
however, the background tidal height can affect the tsunami's potential to do damage.
5. What is the absolute height of the highest water on this marigram? (taking into
account both the tide and the tsunami height).
6. Suppose the largest waves had occurred at low, rather than high tide. Describe
what the difference in effect might be.
Tsunamis always consist of a series of waves. The wave activity may continue for a
number of hours. On this record, tsunami waves with amplitude of a foot or more
continue for nine hours! The first wave is rarely the largest.
7. How many tsunami wave crests with amplitudes of more than 1 foot are shown
on this record?
8. What is the average amount of time between successive 1 foot or larger wave
crests? Assume the tsunami waves continue to arrive over a period of 9 hours.
Round off your answer to the nearest 1/4 hour.
The peak height of the water is only one factor that contributes to the damage a
tsunami may cause. Just as important is the speed of the water. Look at the wave
around 14:00 hours.
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9. What is the range (total water level fluctuation from trough to peak) from the
trough a little before 14:00 hours to the peak a little after?
10. How much time did it take for the water to go from this trough to the peak?
The time it takes tides to go from low to high tide is 6 hours. The currents produced,
particularly in bays and inlets, can be quite significant as the tide comes in and goes out.
The range in water height from troughs to peaks produced by tsunamis may be as large
or larger than the normal tidal fluctuation. But the time for the water to rise or drain is
much shorter! Imagine the current velocities at Crescent City in 1964 when water levels
fluctuated more than 20 feet in about an hour's time.
Tsunami Travel Time Maps (NOAA):
Look at the Tsunami Travel‐Time Map To San Diego (colored world map). This shows
the expected travel time to anywhere in the Pacific basin. The epicenter of earthquake
which generated the marigram you used in the questions above was located in southern
Chile where the star is marked. This was historically the largest recorded earthquake,
with a moment magnitude calculated as M = 9.5
11. How long (round off to the nearest 1/2 hour) did it take the first tsunami wave
to travel from the epicentral region of the Chilean earthquake to San Diego?
12. The distance between the epicenter of the Chilean earthquake and San Diego
is about 5900 miles. What is the average velocity of the first wave on the San
Diego record? (hint, velocity is measured in units of distance traveled divided by
elapsed time to get m.p.h)
The tsunami waves produced by the 1960 Chilean earthquake did cause damage in San
Diego. Approximately 165 feet of dock were destroyed, a bridge was damaged, a barge
sank and 8 boat slips were destroyed. Property losses were estimated at over $16,500.
A crowd gathered on Shelter Island in San Diego Bay to watch the waves. Police were
needed to break up a traffic jam and dispel spectators.
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ANSWER SHEET

NAME __________________________ Date: ___________________
1. Time (GMT) of low tide:

_____________________

2. First wave positive or negative?

_____________________

3. Time (GMT) of the largest positive tsunami wave:

_____________________

4. The amplitude (in feet) of the highest tsunami wave:

_____________________

5. The absolute height of the highest water:

_____________________

6. Difference in effects between largest tsunami waves arriving at high or low tide?

7. Number of tsunami crests of amplitudes of more than 1 foot ?

_____________________

8. Average time between successive crests:

_____________________

9. Total range in feet between trough and peak at 14:00 hours:

_____________________

10. Total time (to nearest 1/4 hour) between low and high water:

_____________________

11. Time for first tsunami wave to travel to San Diego:

_____________________

12. Average speed (distance/time) of the first tsunami wave:

_____________________
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