
Fall 2010                    Environmental Geology (380) 
 

1 

GEOL 380: Earthquake Hazards in the Puget Sound Region (in class and assignment) 
Due in class Wednesday, Nov 109th 

The purpose of this exercise/assignment is for you to gain practice and experience in assessing the 
potential earthquake hazards of a region based on topography/landforms, geology, sediment type, and past seismic 
events.  You will conduct this assignment in groups of 2-3 people and turn in one report and set of maps per 
group. The assignment is composed of two parts:  
 
I. Construct a set of earthquake hazard maps for one of the following areas: Des Moines, Renton, 

Auburn, Poverty Bay, Sumner, Kirkland, Redmond, Mercer Island OR Issaquah quadrangles. You will 
hand in a total of 4 of these maps. (65% of group grade) 

Three earthquake hazards are to be evaluated. You will construct a separate map for each of 
the three hazards. The maps will be collated to construct a fourth map, a combined earthquake hazard 
map, using the techniques described below. 

(1) earthquake-induced landsliding (use topographic maps to look at slopes and assign hazard 
level)  
(2) liquefaction (liquefaction susceptibility maps or geologic maps) 
(3) ground-shaking amplitude (based on recent seismicity, distance to faults, and understanding of 
geology and topography. Use Seismotectonic Information for Puget Sound map) 
(4) combined earthquake hazard map (combination of above three maps) 

 
II. Write a report to accompany and explain your maps from Part I. The report should be typed, double-

spaced, and 3-4 pages in length.  Writing quality will count towards your grade (grammar, structure, 
spelling etc.) (35% of group grade) 

 
Methods:  
Evaluate three earthquake hazards: soil liquefaction, ground-shaking amplitude and earthquake-induced 
landsliding.  Areas will have a different susceptibility to each of these hazards depending on soil type, water table 
elevation, topography, and geology.  Each of these hazards will be mapped on a separate map and then combined 
into a map with four hazard designations ranging from most hazardous (category 3 or 4) to least hazardous 
(category 1 or 0).  The rankings are relative, so they can only be used to compare the hazard of one area on your 
map to another area on the same map.   

Turn in 4 final maps: one for each of the 3 hazards and one combined hazard map, as described 
below. Be sure each map has a title (including the name of the area represented), a north arrow, a scale, a key 
indicating hazard level and associated color, some location names, and the names of all the team members. 
Differentiate between large bodies of water and areas of no hazard. 
 
Materials: 1. 4 sheets of tracing paper at least 20" x 24" (go to Jerrol’s if you need more!) 

2. Colored pencils, regular pencil (NO PEN!), eraser and calculator 
3. Topographic map of area  
4. Liquefaction map of area 
5. Seismotectonic Information for Puget Sound (see links on Blackboard) 

 
Constructing the Maps: 
Every map must have group members names, a title, a scale, a north arrow, and a key.  
 
(1) Make an overlay on one of the pieces of tracing paper for the earthquake-induced landsliding map. 
Using the topographic map of your chosen quadrangle, look over the topography of your area and note the degree 
of relief. You will need to divide your map into four categories with respect to slope: areas with little to no slope, 
areas with the steepest slope, and areas that fall into two intermediate categories. Assign each of these areas a 
number from 0 to 3, representing different degrees of risk from landsliding. Zero represents areas with no landslide 
hazard potential (little to no slope) and three is for areas with the greatest risk of landslides (steepest slopes).  
Calculate a representative slope for each of your levels (rise/run x 100%) and include that information in the key. 
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(2) Make an overlay on another one of the pieces of tracing paper for the liquefaction map. Trace the 
contours of the published liquefaction map on a new piece of tracing paper. Assign liquefaction hazards, again with 
0 low hazard and 3 high hazard. 
 
(3) Create a ground-shaking amplitude map. Use a new piece of tracing paper. Using the topographic map of 
your area, trace the edges of the map and a few landmarks, such as lakes or major roads or cities, on to the tracing 
paper. Consult the report ‘Seismotectonic Map of the Puget Sound Region, Washington’. Sketch in the location of 
faults and earthquakes on your map. Using the proximity to earthquake epicenters and faults, and what you know of 
the topography and geology of the area, estimate the ground-shaking hazard for each area on your map. Again you 
will need to indicate up to four levels of hazard, with zero being the farthest away from seismic activity (if you think 
there is an area far enough away not to be affected by the recorded earthquakes) and most stable ground (e.g. 
bedrock).  Areas closest to seismic activity, and/or located on the least stable ground (e.g. unconsolidated alluvium or 
fill), would be assigned a value of “3”.  Don’t forget to include the symbols you used for faults and earthquakes in 
your key.   

(4) Next create a combined hazard map using all the data from the three maps you have created. It will be 
helpful if you have a light table for the final parts of this process. Take the fourth piece of tracing paper and use the 
topographic map to trace a frame and a few landmarks, as you did for the ground-shaking map. On that tracing, 
create an evenly-spaced, 6 x 8 grid of points (see pg. 4). These points should appear on your final map, with the 
calculated value of combined hazard. To do this, overlay all four of your maps (place them on top of one 
another).  For each grid point on your combined hazard map, square the rating for each hazard on the other three 
maps.  Sum all of the squared numbers at that location, then take the square root of the total and round it to the 
nearest whole number and put it on your grid.   

Example:  If for a particular location on your maps, you have assigned a “3” for landsliding, a “2” for 
liquefaction and a “2” for ground shaking, you would square each of these and add them together to get 9 + 4 + 4 
= 17.  Take the square root of the total (17), which is 4.12, and round it to the nearest whole number, or 4 in this 
case; “4” would be the value of the combined hazard at that point. 

Once you have numbers for all your grid points, overlay your maps again. Look at how the ‘shapes’ 
(outlines of geomorphic features, such as valleys, hills, etc) on all three of your maps combine and, using the 
shapes of the hazards on the individual maps, rough out boundaries between the grid points. Divide the map into 
regions representing four categories of hazard.  For this final map, there should be no areas of 0 hazard. 
Also note that the level of the hazard on the combined map will always be equal to or greater than each one of the 
hazards on the individual maps at that location. The categories for this map are 1 through 4, with 1 = lowest 
overall earthquake hazard; 4 = greatest overall earthquake hazard. Use this color key: 0 = leave blank (no color), 
1 = green, 2= yellow 3 = blue, 4=red  assign colors to each of these hazard levels, color in (using neat colored 
crosshatching) your combined hazard map, and include a map key. 
 
IMPORTANT NOTE:  ALL maps should be neat, and have the team members’ names, a title, north arrow, 
scale, color key, and some names of suburbs and features to locate the reader.   
Writing the Report: 
  Your report should contain each of the following headings: Introduction, Methods, Results, Discussion 
and Conclusions, and References. To reiterate, the report should be typed, double-spaced, and 3-4 pages in 
length. 
 
1) Introduction 

Under the heading of Introduction, give a description of the geographic (including population, land use, 
infrastructure, etc.) and geologic setting of your area, as well as a clear statement of the scientific problem you 
are addressing with the study and map. 
2) Methods 

Under methods, give a brief and clear explanation of exactly how you constructed your maps, focusing on 
your reasoning for giving certain areas a particular hazard rating, etc. This should include information that another 
person would need to duplicate your results, such as citations of the maps you used (details are listed in the 
reference section).  
3) Results 
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Give a brief summary of the distribution of areas of high and low hazard for each of your four maps. 
4) Discussion (interpretation) and Conclusions 

Explain in greater detail the types of earthquake hazards in the study area, why particular hazards occur where 
they do, and why you have ranked them in the way that you have.  To do this, compare your maps and comment 
on the specific geological formations that are contributing to earthquake hazard in your study area.  Also 
discuss your study area in the context of the larger region, i.e. western Washington.  Are there faults, lineaments, 
earthquake epicenters, geologic features that may not be right within your study area but might have an effect on 
your area?  How have the intensities of past earthquakes, such as the 2001 Nisqually event, affected your 
area? What was the maximum intensity at the epicenter and in your area? 

Lastly, comment on overall risk in your specific study area based on variations in population density, the 
location of infrastructure, possible hazardous industries, or other unusual developments.     
5) References 

Include full reference citations for the maps and accompanying text reports, using the style of the journal 
“Geology.” NOTE that you should refer to/use the text reports that accompany the maps you will be using 
as data sources (seismotectonic, liquefaction, etc). 
 
Helpful Descriptions and Definitions:  
 
Liquefaction is a phenomenon in which strong shaking of a soil or sediment causes it to rapidly lose its strength 
and to behave more like a liquid than a solid.  Typically, loose, sandy, water-saturated sediments that have been 
deposited in the last few thousand years are most susceptible to liquefaction.  Liquefaction will only occur if the 
pore spaces between sand grains are filled with water, so sandy river banks, flood plains and artificially filled 
areas along water fronts are particularly susceptible.    
 
Ground shaking amplitude can be determined by sophisticated geophysical and geotechnical processes.  Less 
sophisticated means can also be used to estimate potential ground shaking by studying geologic maps and soil 
maps. Ground shaking is greater near earthquake epicenters, so areas near a fault or near a zone of many past 
earthquake epicenters have an increased probability of higher ground shaking than areas farther away from the 
fault or cluster of past epicenters.  The intensity of the ground shaking is significantly affected by the type of soil 
and bedrock.  Generally poorly consolidated sediments intensify the amplitude of ground shaking, while rigid 
bedrock tends to efficiently transmit the seismic waves and minimize ground shaking. Remember, all of the areas 
we are studying are susceptible to some ground shaking during earthquakes, so you shouldn’t have any zeros on 
your map for this hazard.  
 
Landslides can occur where the strength of the sediment is exceeded by the dynamic forces caused by the 
earthquake.  Areas of steep slopes, poorly consolidated sediments, water-saturated slopes, or evidence of previous 
landslides have a high potential for earthquake-induced landsliding.  Pre-existing landslides are prone to further 
sliding when shaken by earthquakes. 
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Additional instructions for producing the Combined Hazard Map: 
When you are ready to overlay all three maps, take the 4th piece of tracing paper and put an equally-spaced 6x8 
'dot' grid on the paper in pencil (over the entire area of your quad sheet).  At each 'dot' calculate the seismic hazard 
using the formula shown in (4) on page 2 of your handout. You will use these to construct your final map, 
HOWEVER, you need to 'ground-truth' it against the hazards maps you've constructed for landslides and 
liquefaction, TO BE SURE THAT THE BOUNDARIES MAKE SENSE (a boundary should include all of a 
steep slope, not just part of it, etc....).   

 
      

      

      

      

      

      

      

      

 
After 'tidying up' the boundaries between your various hazard zones in the way I've just described, then you 

should color it in using this key: 
 

1 = green   3 = blue 
2 = gold   4 = red 



Fall 2010                    Environmental Geology (380) 
 

5 

Please Submit one copy of this sheet with your report. 
 
Student names: 

Environmental Geology Seismic Hazard Project, Fall 2007:    Evaluation Sheet 
 
 
Maps: assessment based on presentations, precision, and interpretation 

• Liquefaction       /5 
 

• Ground Shaking       /10 
 

• Landslides       /15 
 

• Combined hazard map       /25 
 

• Overall neatness, title, labels, scale, key, North arrow       /10 
(and names of students in the group) 

  Total       /65 
 
Report 
Introduction:       /5 

• Clear description of setting? (geographic, geologic and population)   
• Clear statement of scientific problem?   

 
Methods:       /5 

• Are the methods clearly explained?   
• Are the methods repeatable? 

 
Results        /5 

• Are the pertinent results for each hazard map summarized?   
 
Discussion/Interpretation and Conclusions:       /10 

• Specific Comments on geologic formations 
  and contribution to earthquake hazards? 

• Connection between seismotectonic map and  
  their study areas’ potential for earthquakes? 

• Overall risk based on population and infrastructure? 
• Significance of the results elucidated? 
• Any other conclusions   

 
References: 

• Correct reference format?       /3 
 
Overall report format, grammar, spelling, and headings:       /7 
 
   Total       /35 
  
 
   Total grade:            /100 
 


