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Part A — “The Earth’s Fractured Surface” Map

__ Examine the National Geographic map entitled "The Earth's Fractured Surface" and answer
~ the following questions:

1. Where do most divergent plate boundaries occur - in oceanic or continental crust? The
Red Sea is an exception to this generalization
- (Note: the arrows shown on the map [-><-] should be reversed in this region; they should appear like this
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-2 What type of boundary tends to be characterized by numerous volcanoes? Give a

specific example.
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3. Are there any areas of active volcanism that do not lie on or near plate boundaries? If
s0, give an example.
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4. What types of plate boundaries affect the Pacific Northwest? Which plates are
involved?

Tronstore, Conyer A Jo\ es 30\‘%
No crth Americe Plete
Suen de Faced Plede
| focife  Flate
5. Why do geologists often refer to the margins of the Pacific Ocean basin as the "Ring of

Fire"? Explain using evidence from the map.
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6. Note the distribution of the Hawaiian Islands chain and the Emperor Seamount chain in
the Pacific Ocean. The Hawaiian Islands are part of a linear series of volcanic islands
and seamounts that extend from Kilauea, which is an active volcano on the island of
Hawaii, to beyond Midway Island in the central Pacific. The Emperor Seamount chain
is a linear string of submerged volcanic islands.

a. What is the specific origin of the Hawaiian Islands chain and the Emperor
Seamount chain?
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b. Are the Hawaiian Islands chain and the Emperor Seamount chain related? Explain
your reasoning.
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¢. The volcanic rocks on Midway Island are 27 million years old Determine the rate

(in inches/year) and direction of plate motion of the Pacific Plate over the last 27
million years. (Note scale of map: 1 inch = 758 miles; AND Recall: rate =
distance/time). Compare your value to the value provided on the map. Think about
how fast your fingernails grow. Is the rate of the Pacific Plate motion comparable
to how fast your fingernails grow? Explain.
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'd. Suiko Seamount, which is not shown on the map but is located approximately

beneath the second "R" in the word "EMPEROR", has yielded an age date of 65

million years. Based on the available age data and the distribution of the Hawaiian

Islands chain and the Emperor Seamount chain, discuss how the direction of the

Pacific Plate movement has changed through time. Is this change in motion

consistent with other seamount chains in the Pacific Ocean? Explain.
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7. Study the list of Notable Volcanic Eruptions of the 20th Century.
a. At what type of plate boundary have the vast majority of the volcanic eruptions in
the 20th century occurred?
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b. Why was there an eruption in Iceland in 1963? Consider what type of plate
boundary this is.
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8. Study the list of Notable Earthquakes of the 20th Century. What specific conclusions
can you draw about the relationship between the magnitude of a given earthquake and
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the type of plate boundary where it occurred?
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Part B - "Living on the Edge" Map

Examine the National Geographic map entitled "Living on the Edge" and answer the
following questions:

1. Compare the number of earthquakes along the Cascade Subduction Zone in N.
California, Oregon, and Washington. Which area has had the largest number of
earthquakes; which has had the least?
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2. In comparison to other subduction zones worldwide (see the "The Earth's Fractured
Surface" map, e.g., along S. America, and the Aleutian and Kuril Trenches), suggest
two possible reasons why the Cascade Subduction Zone has an overall lack of
earthquake activity.
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3. Read the information on the map indicating that a large earthquake occurred in the
geologic past along offshore Oregon. Are any of your reasons above consistent with
“this evidence? Explain.
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4. Read the information on the map about several of the Cascade volcanoes. Would you
consider the Cascades to be active volcanoes? Explain.
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5. Locate Long Valley Caldera in eastern California, and suggest a reason why there have
been such a large number of earthquakes in this region. (Hinr: Note that Mt. St. Helens

shows a similar cluster of earthquakes).
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Figure 1: Generalized geologic map of southern California showing the San Andreas
Fault.
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Part C - Studying the San Andreas Fault, California

‘Study Figure 1 on the previous page and answer the following questions.

1. Put arrows along opposite sides of Figure 1 to show the relative sense of movement
along the San Andreas Fault. What kind of plate boundary is the San Andreas Fault?
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2. Itis possible to estimate the average annual rate of movement along the San Andreas
_Fault by recognizing rocks older than the fault that have been offset by the fault. Note
that Pliocene-Miocene (M) rocks have been cut and offset by the fault. These rocks
have been dated as being 25 million years old. What is the average annual rate of fault
movement in centimeters per year (cm/yr)? Show all your work.
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3. The average yearly rate of movement on the San Andreas Fault is very small. Does this
mean that the residents of southern California have nothing to worry about from this
fault? Explain.
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4. An average movement of about 5 meters along the San Andreas Fault was associated
with the 1906 San Francisco earthquake. Assuming that all displacement along the
fault was produced by Earth motions of this magnitude, how often must such

~ earthquakes have occurred in order to account for the total displacement? Show all

your work.
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