
Fig. 1 Volcanic mudflow (lahar) detection sensor. 
Originally designed for Redoubt Volcano in Alaska, a pilot 
project is currently under way for the Puyallup River Valley.   
The system is intended to issue an electronic alert to County 
emergency management officials. 
Reference: http://geology.usgs.gov/connections/nps/np_h_005.html 

Geol 108 Lab #4 Volcanic Hazards and Igneous Rocks               
Week of Sept. 24-28, 2012 
 
PART I.  Mt. Rainier – lahars! 

INTRODUCTION 
 
Located near the highly populated Puget 
Sound, Mount Rainier is one of the most 
dangerous mountains in the Cascades. It is the 
tallest mountain in the Cascades--4,837 feet 
higher than Mt. St. Helens was before its 1980 
eruption. Mount Rainier also contains one 
cubic mile of glacial ice--as much ice as all 
other Cascade volcanoes combined and 25 
times more ice than Mt. St. Helens had before 
its 1980 eruption. Significantly, Rainier sits 
west of the Cascade Mountain Range divide. 

Every ice-fed river originating from Mt. Rainier bears westward toward the populated areas of 
Puget Sound (except the Cowlitz River, which flows south toward Vancouver, Washington).  
(Estimated populations, 2011:  Orting 6,746; Puyallup 37,454; Sumner 9,451;  
Enumclaw 10, 858) 
 
Mount Rainier is an active volcano which could erupt at any time.  Rainier is composed of 
alternating layers of relatively solid, competent lava flows and loose, poorly cemented layers of 
volcanic debris. Both layers tilt steeply down the mountain slopes. Hot springs within Rainier 
slowly rot areas of rock, turning additional areas of rock into clay-rich weak layers. Glaciers 
erode deep valleys and create huge unstable cliffs high up the mountain.  Perhaps earthquakes, 

steam eruptions, or gravity-
triggered failures along weak 
layers initiate mudflows on 
Rainier. 

The city of Orting (elevation of 
350 feet above sea level) sits at 

the conjunction of Puyallup and 
Carbon River valleys that originate 
from Mount Rainier. Orting is built 
on the Electron mudflow deposit 
from Mount Rainier. Large tree 
stumps from this mudflow-buried, 
550 year-old forest have been 
uncovered recently in a new local 
housing development.  
The only major evacuation route from 
the city of Orting is a busy two-lane 
road which follows the valley bottom 

westward--along probable mudflow runout zones. Recently mudflow detection devices have been 
installed with a warning system to help alert the community in case a mudflow occurs. 
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QUESTIONS 
 
1.  Examine color Figure A – Mt. Rainier Volcanic Hazards 

a.  What are the hazards within Mt. Rainier National Park? 
 
 
b.  How many towns have been inundated by large or moderate lahars? 
 
c.  Find the town of Orting.  Name the two major rivers that flow near the town. 
 
 
d.  Speeds of mudflows differ as a function of slope and fluidity, but 25 mph 
is not unusual.  At that speed, approximately how long would it take for a 
Mt. Rainier volcanic mudflow (lahar) to reach Orting?  (note scale on 
Figure A). 
 

 
 
 
 
 
 
 
 
2.  Using the topographic map 1—how do you distinguish the valleys on this map? 
(explain in terms of the contour lines) 
 
 
 
 
3.  Why do the volcanic mudflows (lahars) from the volcano follow river valleys? 
 
 
 
TOPOGRAPHIC MAP 2 
 
4.   Using the topographic map 2 – Just to get oriented, locate Orting High School (red letter 
“A”) on both the Google satellite image and the topo map.  What major highway/street is the 
school located on? 
 
 
 
5.  Assume the river channels (Carbon River & Puyallup River) are between 3 and 7 meters deep 
(not elevation).   For the town to be in danger, how thick would a lahar coming from Mt. Rainier 
need to be?  Explain your reasoning. 
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6.   A new community center is being discussed by the city, as the population of the valley 
continues to increase yearly.  This is indicated by the purple color on topographic map 2.  You, 
as city planner, have to decide if it is a good idea to build the new community center at the 
proposed site.  What factors might you need to consider?   Make a list, and support your answer.  
Examine both topo maps 1 & 2 and the satellite photo to get the best overview – use the 
geographic names from topo 2 and the satellite photo in your answer. 
 
Hint:  look on the map for evacuation routes (if any); bridges (how many, how high above the 
rivers, etc.); is it possible to drive out, or hike out (examine the contours, and the surrounding 
countryside) 
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Figure 2. 
Mt. St. Helens May 18, 1980 
 
Time ~ 0   Earthquakes and puffs of 
steam/ash indicate magma is rising; north 
face bulges alarmingly. 
 
Time  ~ 40 s  Earthquake shakes mt., bulge 
breaks loose and slides downward.  This 
reduced pressure on magma and initiated 
lateral blast. 
 
Time ~ 50s  Violence of eruption causes 
second block to slide, exposing more 
magma and initiating an eruption column. 
 
Time ~ 60s  Eruption increases in 
intensity.  The eruption  column carries 
ash as high as 19 km into the atmosphere. 
 
From:  The Blue Planet, 2nd ed., 1999, Skinner, Porter, 
and Botkin. 

PART II.  Mt. St. Helens 

 
 
On May 18, 1980, at 8:32 a.m. Pacific Daylight Time, a magnitude 5.1 earthquake shook Mount 
St. Helens. The bulge and surrounding area slid away in a gigantic rockslide and debris 
avalanche, releasing pressure, and triggering a major pumice and ash eruption of the volcano. 
Thirteen-hundred feet (400 m) of the peak collapsed or blew outwards. As a result, 24 square 
miles (62 square Km) of valley was filled by a debris avalanche, 250 square miles (650 square 
km) of recreation, timber, and private lands were damaged by a lateral blast, and an estimated 
200 million cubic yards (150 million cubic meters) of material was deposited directly by lahars 
(volcanic mudflows) into the river channels. Fifty-seven people were killed or are still missing.  
Reference: http://vulcan.wr.usgs.gov/Volcanoes/MSH/May18/description_may18_1980.html 
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MT. ST. HELENS 3-D MAP – use the 3-D glasses  $  
 
1.  Compare the “before” and “after” views on this map.   What part of the mountain was most 
changed (damaged) by the eruption and why?  (compare the 3-D map with Fig. 2 of page 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PART III.  Volcano Types 
 
 
Examine each of the samples, A – F, at this station.  Then match the sample to the correct type of 
volcano (color posters – stratovolcano, shield volcano, plug dome, cinder cone). 
 
“A”  pumice     __________________________________ 
 
“B”  (2 rocks) volcanic bomb and scoria  __________________________________ 
 
“C”  a type of basalt (hint: Hawaii) _________________________________ 
 
“D”  obsidian  __________________________________ 
 
“E”  rhyolite tuff  __________________________________ 
 
“F”  volcanic ash  __________________________________ 
 
 
 
 

 
 
Pumice soap 
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PART IV.  Mammoth Mt., California 
 
Introduction 
 
In August 1986, Lake Nyos in Cameroon, West Africa erupted, discharging 80 million cubic 
meters of carbon dioxide gas dissolved in its waters into the atmosphere.  The suffocating gas 
descended downslope, following stream valleys and drainages for 16 km.  It killed all animal life 
in its path, and 1,200 residents of Nyos village.  The entire event took less than one hour.  
Although we have no reason to think the Mammoth Lakes area is equivalent to Lake Nyos, there 
are hazards we should be aware of. 

 
Geologic Background 
 
Mammoth Mountain is 
a large, geologically 
young volcano in the 
central Sierra Nevada 
and is located on the 
southwestern rim of 
the Long Valley 
Caldera at the southern 
end of the Mono-Inyo 
volcanic chain.  
 
Between 1978 and 
1997, Mammoth 
Mountain and the 
adjacent Long Valley 
Caldera had periods of 
moderate to intense 
geologic unrest that 
included periods of 
seismic swarm activity, 
earthquakes greater 
than magnitude 6, 
long-period 
earthquakes, and 
inflation of the land 
surface related to 
shallow intrusions of 
magma.  
 
Cycles of unrest may 
wax and wane over 
hundreds or thousands 

of years without producing volcanic activity. Nevertheless, because of the relative strength and 
long duration of the unrest, a significant scientific effort to monitor and study the volcanic-hazard 
potential has been made by the USGS, other government agencies, and academic institutions. 
CO2 emissions have now been added to the list of scientific parameters used to monitor volcanic 
hazards for the Mammoth Mountain-Long Valley Caldera region. 
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Carbon Dioxide at Mammoth Mountain 
 
Carbon dioxide gas is seeping out of the ground at several locations around the flanks of 
Mammoth Mountain. The emission of CO2 at Mammoth Mountain is mostly diffuse from broad 
areas of the ground surface rather than from distinct vents, and because it is generally colorless, 
odorless, and at ambient atmospheric temperatures, it may easily go undetected.  
 
At some locations, however, CO2 has accumulated in the root zone of plants to concentrations 
high enough to kill forest vegetation. It was the unusual areas of tree kill noted by U.S. Forest 
Service personnel during the period 1990 to 1994 and a few reports of individuals who 
experienced symptoms of the early signs of asphyxia that prompted the U.S. Geological Survey 
(USGS) to begin an investigation that led to the identification of the anomalous CO2 emissions.  
 
The source of the gas is either degassing magma that has intruded the shallow crust or degassing 
magma in combination with thermal decomposition of carbonate rocks. Diffuse emission of 
magmatic CO2 from the land 
surface probably began in 1990 but 
was not recognized until 1994. 
 
 
 
 
 
Danger from Carbon Dioxide 
 
Humans and other animals take in 
oxygen and expel CO2 during 
respiration. CO2 is normally 
present in the atmosphere at 
concentrations of about 360 to 370 
ppm.  
 
Carbon dioxide gas is not visible to humans and generally cannot be detected by taste or smell 
below concentrations of 10 to 20 percent.  
 
Two factors contribute to the health hazard in environments with high levels of CO2.  First, at 
concentrations greater than 10% (10,000 ppm), CO2 is toxic, causing physiologic effects that can 
lead to respiratory and cardiac arrest. Second, large amounts of CO2 can displace air and reduce 
the amount of available oxygen. Breathing air with more than 30% CO2 can very quickly cause 
unconsciousness and death. 
 
The risk of asphyxiation from high concentrations of CO2 around Mammoth Mountain is a 
serious health hazard but one that generally can be avoided easily. Although the CO2 
concentrations in the shallow soil is very high in places, the CO2 is emitted from the surface at 
rates sufficiently low to allow ordinary atmospheric circulation to dilute the gas to levels well 
below any health advisory at a short distance above ground. 
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QUESTIONS 
 
1.  Study color Plate A.  Observe the distribution of CO2 in map and cross-section views.   

a.  What conclusions can you draw about the pattern of CO2 gas distribution?   
 
 
 
 
 
b.  What does it tell you about the properties of carbon dioxide? 
 
 
 
 
 
c.  If you were vacationing in the Mammoth vicinity, which areas should you avoid?  Be 
specific. 
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MORE INFORMATION 

Table 1.  Chemical analyses of soil-gas and atmospheric samples.  Values expressed in  
volume percent. (Sample depth = 1 meter) 
 

 
 
Table 2.  Carbon dioxide concentration in soil gas.  Sample depth 1 meter; values expressed in 
volume percent. 
 

Site  Setting  December 1, 
1995 

March 20, 
1996 

April 19, 
1996 

June 19, 
1996 

July 16, 
1996 

HSL-
PS1  

Edge of tree-kill  3.5 9.0 10.5 3.3 2.7 

HSL-
PS3  Edge of tree-kill  6.5 51.1 57.6 10.5 8.3 

HSL-
PS4  

Central part of 
tree-kill  

71.8 72.0 — 70.9 71.5 

 
 
Table 3.  General levels of carbon dioxide concentration in poorly-ventilated spaces around 
Mammoth Mountain. 
 

Site description  CO2  concentration (volume-percent)  

Snow pits, 1 or more meters deep  As great as 70  

Cavities in snow around restrooms at Horseshoe Lake  As great as 40  

Tree-wells around dead trees at Horseshoe Lake  As great as 60  

Vault–below ground, water-valve boxes  Greater than 80  

Snow cabin, near Horseshoe Lake  As great as 25  

Restroom, closed about 7 months for winter  Greater than 2  

 
References: http://ca.water.usgs.gov/archive/reports/wrir984217/rep.html 
Geology and the Environment, 4th edition, B.W. Pipkin, D.D. Trent, and R. Hazlett, 2005. 

SOIL GAS 
 Chair 12 Horseshoe Lake Control Site Local 
 anomalous area anomalous area (live trees) Atmosphere 
 
Carbon dioxide  

 
96.526  

 
47.831  

 
0.498  

 
0.037  

Nitrogen  2.913  41.103  78.106  78.100  
Oxygen  .531  10.588  20.444  20.946  
Argon  .028  .480  .952  .934  
Helium  .0013  .0008  .0005  .0005  
Hydrogen 
sulfide  <.0005  <.0005  <.0005  <.0005  
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Mount Rainier 3rd Most 
Dangerous Volcano 
 By REBECCA COOK 
Associated Press Writer 
 
May 17, 2005, 8:36 PM EDT 
 
ORTING, Wash. -- In the shadow of Mount 
Rainier, people go about their lives -- going 
to shop, going to school, going to work. One 
day, though, the routine will be broken by a 
rumble that sounds like a thousand freight 
trains. If all works accordingly, sirens will 
alert the 4,400 residents that they have less 
than 45 minutes to evacuate -- or be buried 
by an avalanche of mud and debris tumbling 
off the flank of the 14,411-foot volcano.  
 
Scientists know Mount Rainier will 
eventually awaken as Mount St. Helens did 
in 1980. It could gradually build up and 
explode, or part of it may collapse. It could 
happen in 200 years, or it could happen 
tonight.  
 
"People get burned by these kind of events 
because they think it can't happen in their 
lifetime," said Willie Scott of the U.S. 
Geological Survey.  
 
The agency ranks Mount Rainier as the third 
most dangerous volcano in the nation, after 
Kilauea on Hawaii's Big Island and Mount 
St. Helens. Both are currently active.  
 
Other studies call Rainier the most 
dangerous volcano in the world -- not just 
for its explosive potential, but because of the 
3 million people who live in the Seattle-

Tacoma-Bellevue metropolitan area. At least 
100,000 people live on top of Rainier 
mudflows that have solidified.  
Mudflow poses a serious threat for Orting. 
Two rivers drain off the mountain, hug the 
town and converge just beyond it, putting 
Orting squarely in the mountain's strike 
zone. The town, in fact, was built atop a 
500-year-old mudflow that buried the valley 
30 feet deep.  
 
Construction crews working on new housing 
developments for Orting's growing 
population have dug up massive tree stumps 
-- remnants of a forest buried there the last 
time Mount Rainier rumbled.  
 
Yet, the risks did not worry Dawn So when 
she moved here two years ago. She was just 
looking for a good place to raise her children 
and open a quilting store.  
 
"I wanted to have my kids in a better school 
district, a smaller town," she said. "I like to 
let them play in the front yard without 
having to worry about them."  
 
Her family has planned its escape routes, 
and she's confident they could get to high 
ground in time. She does not, however, 
spend much time thinking about Rainier's 
threat.  
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"It's such a highly improbable situation," she 
said. "Disasters can happen wherever you're 
at."  
 
The risk of catastrophe every couple 
thousand years has not stopped brisk 
development, either. But as scientists 
identified Rainier as a threat in the decades 
after Mount St. Helens' eruption, 
government officials and citizens have 
begun preparing.  
 
Most of the mudflows -- also called lahars -- 
from Mount Rainier were triggered by an 
eruption, Scott said. But the most recent, the 
Electron mudflow that buried Orting 500 
years ago, did not seem to follow that 
pattern.  
 
"Maybe it was just a gradual weakening," 
Scott said. "That one sort of keeps us 
honest."  
 
Federal, state and local officials gathered 
last week at Fort Lewis for a simulated 
emergency response exercise. Later this 
month, Orting schools will practice a drill 
familiar to most students by now -- 
evacuating and walking two miles to higher 
ground.  
 
For years, Chuck Morrison has lobbied to 
have a path and bridges built so students can 
head to a bluff about a half-mile away, 
rather than travel across town for cover. This 
year's state budget includes $1.7 million to 
start planning the project.  
 
A Tacoma resident, Morrison made the 
pedestrian bridge his crusade after falling in 
love with Orting's railroad history and 
scenic beauty. He understands what draws 
people to a volcano's backyard.  
 
"This place is gorgeous," he said, standing 
on the edge of the town square, the 
mountain shrouded by clouds behind him.  
Though some locals have welcomed 
Morrison's activism, others roll their eyes.  
 

"Don't keep talking about that mountain! I'm 
sick of hearing about it," said 69-year-old 
James Nunnally, who'd rather see money 
spent on roads to handle Orting's growing 
number of commuters.  
 
2005 Newsday Inc. 
 
http://www.newsday.com/news/science/wire/sns-
ap-mount-st.-helens-rainier,0,5855013.story
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