
Earthquakes and Seismicity – What to Know

• Intensity Scales- Richter versus Mercalli
• Seismic Wave Types – P,S, Surface

– Compressional – Fastest
– Shear – Slower – does not travel through liquid
– Surface – Slowest Causes most of damage
– Location determined by difference of P and S from multiple stations
– Other terms: Focus, Epicenter

• Ground Responses to Earthquakes 
– Shaking
– Fault Rupture
– Lateral Spreading
– Landslide
– Liquefaction

• The collapse of soil structure under undrained conditions resulting in loss of 
bearing capacity and fluidization

– Tsunamis
– Amplification of effects by ground conditions



• Studying Earthquakes and Finding Faults
– Seismic monitoring 
– Stereographic projection and fault motion – “beach balls”
– Seismic reflection
– Trenching and indicators of recurrence intervals

• NW fault types, their typical earthquakes, recurrence 
intervals
– Subduction Zone earthquakes

• Local deep earthquakes
• Great earthquakes on the entire zone

– Shallow crustal earthquakes – Seattle Fault, Tacoma Fault

• Vulnerable Structures

Earthquakes and Seismicity – What to Know, cont’d



http://seattlescenario.eeri.org/documents/EQ
ScenarioFullBook.pdf

http://seattlescenario.eeri.org/documents.php

Source Materials



Peter Yanev, Peace of Mind in 
Earthquake Country – How to Save 
Your Home and Life, Chronicle 
Books  2nd Edition  (also out in 3rd

Edition with Andrew Thompson on 
Risk Assessment)

http://www.chroniclebooks.com/images/items/9780811/9780811861830/9780811861830_large.jpg


http://pubs.usgs.gov/pp/pp1707/ and University of Washington Press

Atwater, Musumi-Rokkaku, Satake,Tsuji, Ueda, and 
Yamaguchi, 2005, The Orphan Tsunami of 1700

http://pubs.usgs.gov/pp/pp1707/


The Great Post Urbanization 
Earthquake

• Had One
– Lisbon, 1755
– San Francisco, 1906
– Tokyo, 1923
– Chile, 1960
– Anchorage, 1964

• Not had one
– Oakland/Berkeley
– Los Angeles
– Seattle
– Salt Lake City



San Andreas Fault (near Ft. Tejon/Tehachapi Pass)



San Bernardino CA and Cajon Pass



Ontario CA, San Gabriel Mountains



Peter Yanev, Peace of Mind in Earthquake Country – How to Save Your Home 
and Life, Chronicle Books 

Seattle Fault Scenario 
(~6.5)

Nisqually Subduction 
Zone Earthquake (6.8)

NW Subduction Zone 
Earthquake, 1700;
Indonesia, 2004  9+

Richter 
Magnitudes and 
Some Historic 
Earthquakes



Peter Yanev, Peace of Mind in Earthquake Country – How to Save Your Home 
and Life, Chronicle Books 

Richter (Energy Based) and Modified Mercalli (Descriptive) Scales
(for MM maximum damage)

Richter – One 
number 
reflecting 
energy release

Mercalli –
Descriptive  
where intensity 
will be zoned 
about epicenter



Seismic Waves

http://en.wikipedia.org/wiki/Seismic_wave

http://upload.wikimedia.org/wikipedia/commons/3/38/Pswaves.jpg


Modified from http://web.ics.purdue.edu/~braile/edumod/waves/WaveDemo.htm



Earthquake Location

http://web.ics.purdue.edu/~braile/edumod/as1lessons/EQlocation/EQlocation.htm

Use knowledge of 
P-S velocities and 
difference of arrival 
times to calculate 
distance from 
seismic monitoring 
station  (corrected 
for depth velocity 
variations) .

Using multiple 
stations determine 
location.



Samuel Y. Johnson, Christopher J. Potter, John J. Miller, John M. Armentrout, Carol Finn and Craig S. Weaver  The southern Whidbey Island fault: 
An active structure in the Puget Lowland, Washington, Geological Society of America Bulletin 1996;108;334-354

Finding Faults – Seismic Reflection



Focal Plane Solutions for Earthquakes

• Very important for defining faults and stresses 
based on earthquakes of all detectable 
magnitudes

• Map first motions and plot on maps and in 3-D

• Stereonet“Beach Ball” Plots



Cox and Hart. Plate Tectonics – How it works.nctr.pmel.noaa.gov/education/ITTI/seismic/Focal_mech_USGS.ppt 

Compression

Dilation

Compression



Motions define 2 planes – one is the fault; the 
other is not (auxiliary plane) -

Edited from Cox and Hart. Plate Tectonics – How it works.nctr.pmel.noaa.gov/education/ITTI/seismic/Focal_mech_USGS.ppt

Map the locations where first motion is 
compression or dilation – which way did the 
seismograph move?
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With a lot of recordings we can reconstruct faults with 
any orientations -- Do this in 3D and plot compression 

vs dilation on a stereonet!

Cox and Hart. Plate Tectonics – How it works.

nctr.pmel.noaa.gov/education/ITTI/seismic/Focal_mech_USGS.ppt 



Fault types and “Beach Ball” plots

USGS

nctr.pmel.noaa.gov/education/ITTI/seismic/Focal_mech_USGS.ppt 



Example Focal 
mechanism diagrams 
on mid-ocean ridges

Stein and Wysession, An Introduction to seismology, earthquakes and Earth structurenctr.pmel.noaa.gov/education/ITTI/seismic/Focal_mech_USGS.ppt 



South Whidbey Island Fault

Samuel Y. Johnson, Christopher J. 
Potter, John J. Miller, John M. 
Armentrout, Carol Finn and Craig S. 
Weaver  The southern Whidbey Island 
fault: An active structure in the Puget 
Lowland, Washington, Geological 
Society of America Bulletin 
1996;108;334-354



Peter Yanev, Peace of Mind in Earthquake Country – How to Save Your Home 
and Life, Chronicle Books 

Fault Rupture



Peter Yanev, Peace of Mind in Earthquake Country – How to Save Your Home 
and Life, Chronicle Books 

Fault Rupture



Peter Yanev, Peace of Mind in Earthquake Country – How to Save Your Home 
and Life, Chronicle Books 

Amplitude Effects at Interfaces



“Pounding” Damage

Peter Yanev, Peace of Mind in 
Earthquake Country – How to Save 
Your Home and Life, Chronicle Books 


