
Thursday, October 19th at 10:19
was National ShakeOut Drill

Earthquake Preparedness
Drop, Cover and Hold On

https://www.youtube.com/watch?v=1sbkSfQa69Q

http://www.earthquakecountry.org/library/ShakeOut
_Recommended_Earthquake_Safety_Actions.pdf

https://www.youtube.com/watch?v=1sbkSfQa69Q
http://www.earthquakecountry.org/library/ShakeOut_Recommended_Earthquake_Safety_Actions.pdf


FIRST EXAM RESULTS

1. Go to class website at www.geo.umass.edu
2. Click on Courses
3. Scroll down to GEO-105 Dynamic Earth (a long 

way!)
4. Click on Notices
5. Click on First Exam Results
6. Take a stiff drink!

http://www.geo.umass.edu/


Locating Earthquakes

Last time, we learned that we could obtain a rough estimate
of the distance in miles to an earthquake epicenter by
multiplying the S - P time interval by 5.7

In the example above the distance will be 36 x 5.7 = 205 miles
(or 36 x 9.2 = 331 kilometers)



More on Locating Earthquakes
a graphical approach

 P-waves are the fastest
(about 460 km/minute)

 S-waves are slower
(about 260 km/minute)

 The time interval between
the first arrival of the P-
and S-waves (S - P) is
used to estimate the
distance to an earthquakes
epicenter.
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This is an enlargement of
part of the preceding graph.

From the graph, we can read
that S - P of 36 seconds is
equivalent to about 350 km
(compare with 331 km from 
our “quick and dirty method”)



BEWARE!
Quick and Dirty
60 seconds = 552 km

Graphical Method
60 seconds = 585 km

Why is this?



Akita, Japan
P - S = 71 seconds

Pusan, South Korea
P - S = 56 seconds

Tokyo, Japan
P - S = 44 seconds

A Real Example (?)
P S

P S

P S

Which is closest?



Akita, Japan
P - S = 71 seconds
Distance = 695 km

Pusan, South Korea
P - S = 56 seconds
Distance = 550 km

Tokyo, Japan

P - S = 44 seconds

Distance = 430 km



The earthquake
(of magnitude 6.9)
epicenter was in 
Kobe, Japan in 1995.



DETERMINING THE MAGNITUDE 
OF AN EARTHQUAKE

 Prior to 1935 the estimation of the intensity of 
an earthquake was base on a qualitative and 
subjective interpretation of the Mercalli 
Intensity Scale.
 Charles Richter (1935) devised a quantitative 

method based on the amplitude of the largest 
waves recorded on a seismogram.
 The size of the amplitude depends on:-
 The distance from the epicenter.
 The intensity or magnitude of the earthquake.
(Note - the amplitude can vary many thousands of 

times)



Amplitude is measured in millimeters (mm) from the
center of the seismic record to the maximum on the trace.

In this case the amplitude is 180 mm
(Note - you can also measure the maximum width of the trace

and divide by 2.)



The Richter Scale

 Large amplitudes imply either:-
 The earthquake epicenter is very close.
 The earthquake is far away but very large

The scale is LOGARITHMIC and ranges from 1 to 8

Therefore, an earthquake of magnitude 6 on the Richter
scale is ten times larger than an earthquake that registers
5 on the Richter scale, and one hundred times larger than
one that register 4 on the Richter scale



Magnitude Changes on the Richter Scale
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The Richter Nomogram
In addition to amplitude,
we must first determine the
distance to the epicenter

Suppose we have an amplitude 
of 1 mm for an earthquake that 
is 100 km away. In this case, 
we draw a line connecting a 
distance of 100 km with an 
amplitude of 1 mm.  The 
magnitude on the Richter scale 
of the earthquake (M = 3.0) is 
given by where this line 
intersects the center line of the 
nomogram.
(Pages 158 – 160 in text)



Note that an earthquake
of magnitude 4 on the 
Richter scale at 100 km
distance would have an 
amplitude of 10 mm, 
whereas one of magnitude
5 at the same 100 km
distance would have an 
amplitude of 100 mm.



A Real Example - Loma Prieta (1989)

Eureka, CA

S - P = 49 seconds
Distance = 480 km
Amplitude = 280 mm

P

S



Las Vegas, NV

S - P = 64 seconds
Distance = 620 km
Amplitude = 100 mm

P S



Elko, NV

S - P = 72 seconds
Distance = 700 km
Amplitude = 60 mm

P S



Eureka
D = 480 km
A = 280 mm

Las Vegas
D = 620 km
A = 100 mm

Elko
D = 700 km
A = 60 mm

All 3 records give the
same magnitude (as 
they should) of about
7.0 on the Richter scale.



The Great Alaskan Earthquake
A really big one!

March 27, 1964

Magnitude 8.4

(possibly 9.2)

Too large to
accurately 
measure!!



Some facts and figures:-
 Area involved was along the boundary of the N. 

American and Pacific plates for about 500 miles 
(subduction zone).

 Largest recorded disturbance of the earth’s 
surface in an arc 500 miles long and 200 miles 
wide (100,000 sq. miles).

 Average uplift = 6 feet; maximum uplift = 38 
feet (50 ft. submarine).

 Subsidence ranged from 2 to 8 feet.
 Anchorage moved 6 feet to the south!
 Valdez moved 38 feet south!#!!
 Only 180 people were killed
 Property damage estimated at $300 million



Uplift and subsidence

Eight foot uplift of fishing
Pier on Prince William Sound

Flooding at high tide on Cook
Inlet due to 6 ft of subsidence.
Shoreline moved 2 miles inland
in places.



Damage caused by ground shaking



Damage caused by ground slumping

Ground under road slid
sideways, causing road
to crack open.

Seward Peninsula, land slid
into sea leaving “bites” in the
coastline (also tsunami damage).



More slumping

Anchorage, ground sank,
leaving a graben.

Detail from upper slide,
showing edge of graben, 
which has dropped down 
about 6 feet.



Anchorage - 11 ft subsidence

Anchorage - landslide dropped 
school about 30 ft. to the left

Turnagain Heights - houses and
ground slid 2000 ft in response
to liquefaction of underlying rocks.



Damage caused by fire

Burning oil storage tanks
at Valdez.  Whole waterfront 
destroyed by fire. 



Tsunami damage

Tsunami produced 40 ft waves
that lashed the shoreline and
continued for about 8 hours.



Summary

 Largest recorded movement of the earth’s 
crust.
 A subduction zone related earthquake.
 Included all three of the major destructive 

characteristics of earthquakes.
 Ground Shaking
 Fire
 Tsunami
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