
Earthquakes	  and	  Tsunamis	  



  Have you felt the earth 
move? What was it like? 

Nisqually Quake – Washington 
State, Feb. 2001 
6.8 Mag. 
Photo: www.missouri.edu 



How	  do	  we	  know	  big	  earthquakes	  
have	  happened	  in	  the	  past?	  	  



https://www.hakaimagazine.com/features/great-quake-and-great-drowning/  
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Why	  do	  earthquakes	  happen	  and	  
where	  do	  they	  tend	  to	  occur?	  	  
	  
Take	  a	  2	  minutes	  to	  think	  back	  to	  
plate	  tectonics	  and	  imagine	  some	  
situa;ons	  that	  might	  lead	  to	  an	  
earthquake.	  Draw	  a	  diagram….	  	  











It’s	  Not	  My	  “Fault”!	  
Many earthquakes occur along faults or fractures in the 
earth’s crust where rocks move relative to one another. 

However, there are other causes of earthquakes. 

How many can you and your partner brainstorm? 

volcano 

landslide 

mining / blasting 

nuclear testing 

Fracking  
 



 
Are you more likely to experience an earthquake in 

Vancouver or in Toronto? Take a minute and decide 
with your partner 

Source: Vancouver, City on the Edge 



https://earthquakescanada.nrcan.gc.ca/recent/maps-cartes/index-1y-en.php  







Some earthquakes are so tiny we can’t feel them, 
others are deadly and destructive. 

More than a million small earthquakes are 
recorded around the world every year. 

www.foxnews.com Italy, April 2009 



https://earthquakescanada.nrcan.gc.ca/recent/maps-cartes/index-1y-en.php  



It	  not	  my	  fault!	  Not	  all	  earth	  
movements	  are	  the	  same.	  	  

•  A	  FAULT	  is	  a	  crack	  in	  the	  earth’s	  surface	  where	  
movement	  has	  occurred	  –	  they	  can	  be	  a	  few	  
metres	  to	  hundreds	  of	  kilometres	  long.	  

	  
•  Some	  faults	  are	  very	  ac;ve	  and	  move	  
frequently,	  others	  are	  quiet	  and	  have	  not	  
moved	  in	  hundreds	  of	  years.	  



Normal	  Fault	  
• When rock is stretched apart or in 

tension, one side of the fault slips 
down relative to the other.	  

 
	  

http://facweb.bhc.edu/academics/science/harwoodr/Geol101/study/Images/NormalFault.gif 





Small normal fault with 10cm 
displacement. Utah, USA.  

http://www.fault-analysis-group.ucd.ie/gallery/Normal_faults.htm 

Normal Fault 





Reverse	  Fault	  
•  When rock is compressed (pushed) 

together – one side rises up	  
•  Caused tsunami in Indonesia, Dec. 2004	  

http://facweb.bhc.edu/academics/science/harwoodr/Geol101/study/Images/ReverseFault.gif 





This side of the fault has moved up 
relative to the side on the left 
showing that it’s a REVERSE fault. 

www.pitt.edu/ – photo Norris Jones 



Transform	  (Strike-‐Slip)	  Fault	  
•  Like a sliding plate boundary – two plates slide past 

each other – each one going in the opposite direction.	  
•  Ex - San Andrea’s Fault in California.	  
•  Shallow earthquakes are often felt along these faults	  
	  

www.uwsp.edu/geo/faculty/ritter/images/ 
 





http://pubs.usgs.gov/gip/dynamic/graphics/Fig25.gif 

San Andreas 
Transform Fault 

 

The San Andreas Fault is the 
sliding boundary between 
the Pacific Plate and the 
North American Plate. It 

slices California in two from 
Cape Mendocino to the 

Mexican border.  



http://geology.com/articles/san-andreas-fault.shtml 





Measuring	  Earthquakes	  

•  The Moment Magnitude Scale (most still refer 
to Richter Scale) measures the amount of energy 
released in an earthquake. 	  

 
•  It’s a logarithmic scale – one number higher on 

the scale is 30x more powerful.  For example a 
mag 6 is 30x more powerful than a mag 5	  

 
•  Largest earthquake ever recorded was a 9.5 in 

Chile in 1960. Yikes!!	  
	  





http://www.seismo.unr.edu/ftp/pub/louie/class/100/seismic-waves.html 

Measuring Earthquakes 

 

How do you think this 
seismograph works? 

 

Why is it important to keep 
track of earthquakes around 
the world? 



The Mercalli Scale is used for measuring an 
earthquake’s intensity. It measures the impact on the 
Earth's surface, humans, and natural and man-made 

structures on a scale of I through XII. 

 
 
 
 
 

  

I = not felt by people       

 XII= catastrophic 



Earthquake	  1:	  	  	  
7.0	  on	  the	  Richter	  Scale	  	  
X	  (10)	  on	  the	  Mercalli	  Scale	  	  
	  
	  

Earthquake	  2:	  	  
	  7.0	  on	  the	  Richter	  Scale	  	  
	  II	  (2)	  on	  the	  Mercalli	  Scale	  	  

	  
	  
Is	  this	  possible?	  How?	  	  



Earthquake	  Waves	  
Primary (P) Waves  
 
•  The first waves to be felt because 
they are the fastest      
•    

•  Consist of contraction and  
expansion (pushing / pulling) which 
cause things to be jolted in a “back 
and forth” motion 

 
•  Can travel through solids and 
liquids 





Secondary (S) Waves  
 

•  move more slowly and are more destructive because 
they  move rock particles up and down, or side-to-side-- 
perpendicular to the direction that the wave is traveling 

 

•  Can only travel through solids 
	  
	  
	  
	  

www.seismo.unr.edu 





Surface (Love) Waves                                         

•  most destructive because they are on the surface 
                                                   

•  move like waves in water 
 

 

www.seismo.unr.edu 





Here’s a look at how seismic waves arrive at an 
earthquake recording station. 



Epicenter	  &	  Focus	  
•  EPICENTER  

located at the surface 
directly above the 
focus 

 

•  FOCUS                        
the place along the 
fault, and below the 
surface where the 
quake occurs	  

 
	  

http://www.cyberphysics.pwp.blueyonder.co.uk/topics/earth/geophysics/Seismic%20Waves%20Reading.htm 



Back	  to	  BriSsh	  Columbia	  
	  •  Why is Vancouver at 

risk of “The Big 
One”?	  

 
•  We are now long 

overdue for a major 
earthquake (over 9.0 
on the MMS) 

•  Last 9.0 hit in 1700 
 

 
 Source: Vancouver, City on the Edge 



Source: Vancouver, City on the Edge 

The biggest quake ever 
recorded on land in Canada 
was a 7.3, which struck in 

1946 near Campbell 
River, BC. 

The last, really big 
earthquake was an 

estimated magnitude 9 in 
1700.  A large tsunami 
occurred in Japan as a 

result. 

When will the next one 
happen?? 



Source: Vancouver, City on the Edge 



https://earthquakescanada.nrcan.gc.ca/recent/maps-cartes/index-1y-en.php  



Focus	  on	  LiquefacSon	  

•  Is	  is	  possible	  to	  build	  a	  structure	  with	  dry	  
sand	  only?	  	  	  



•  No	  –	  Why?	  The	  material	  is	  unconsolidated	  	  -‐	  
refers	  to	  loose	  material	  like	  beach	  sand.	  The	  
par;cles	  of	  an	  unconsolidated	  material	  can	  
separate	  easily	  	  



•  What	  are	  some	  different	  ways	  to	  make	  the	  
sand	  s;ck	  together?	  	  



•  Add	  Water	  –	  material	  becomes	  
“consolidated”	  or	  compacted	  



Liquefac;on	  con;nued	  

•  Loose,	  unconsolidated	  material	  have	  spaces	  
called	  “pores”	  

•  If	  water	  fills	  this	  space	  the	  soil	  becomes	  
saturated	  	  

•  The	  water	  pushes	  the	  par;cles	  apart	  –	  this	  
creates	  “pore	  pressure”	  	  



hZps://www.britannica.com/video/185615/
liquefac;on-‐event-‐soil-‐par;cles-‐earthquake-‐

combina;on-‐water	  



	  
	  
	  
	  
	  
	  
	  

Demonstra;on–	  simula;ng	  
liquefac;on	  



•  Predica;on	  	  -‐	  what	  happen	  is	  if	  I	  tap	  on	  the	  
box	  with	  dry	  soils?	  	  

•  What	  do	  you	  think	  will	  happen	  if	  we	  do	  the	  
same	  thing	  and	  the	  soil	  is	  has	  water	  in	  it?	  	  



LiquefacSon	  
•  Liquefaction in Richmond, Delta, Pitt 

Meadows and parts of Port Coquitlam	  
•  Occurs in water filled soils, that when shaken 

becomes weak and unable to support buildings 
& other structures. 

Source: Vancouver, City on the Edge 







How	  Safe	  Are	  You??	  

Source: Vancouver, City on the Edge 



Liquefaction damage in Niigata, Japan.  Buildings                                  
sink and then topple over. 

http://www.smate.wwu.edu/teched/geology/eq-general.html 



	  Scientists estimate that there 
would be over a meter of 

broken glass on the sidewalks of 
downtown Vancouver after a 

large earthquake.  

http://solidearth.jpl.nasa.gov/PAGES/quake01.html 

Walking on 
Broken Glass 



Can	  you	  think	  of	  some	  other	  negaSve	  
effects	  of	  earthquakes?	  

•  Landslides / Debris flows / avalanches 
•  Dam failure 
•  Tsunamis – the devastating tsunami in the Indian Ocean in 

2004 that killed over 283,000 people was caused by an offshore 
quake measuring over 9 mag.. 

Photo: USA Today.com 



Tsunamis:	  A	  closer	  look	  	  







2004:	  Indian	  Ocean	  Tsunami	  

280,	  000	  people	  were	  killed	  	  











2011:	  Japanese	  Tsunami	  	  

•  15,	  896	  people	  died	  	  









Are	  You	  Prepared?	  
•  What kinds of things can you do to 

prepare? 	  
– A family earthquake plan?	  
– An emergency kit with food / water and 

supplies for a minimum of 3 days?	  
– The knowledge of what to do during an 

earthquake?	  
 


