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Conversion Factors 

For readers who wish to convert measurements from the metric system of 
units to the inch-pound system, the conversion factors are listed below. 

Multiply By To obtain 

Length 

cent imeter 0.394 inch 

meter 3.281 foot 

ki lometer 0.621 mile 

Area 

square ki lometer 0.386 square mile 

square hectometer 2.471 acre 

Volume 

cubic meter 1.308 cubic yard 

A simple rule of thumb for approximate conversions: 1 inch equals about 
2.5 centimeters; 1 yard equals about 1 meter 

V 



Index maps showing locations of active and potentially active volcanoes and nearby population centers (not all labeled) of the United 
States. See Appendix 1 for a summary of volcanic activity at all features shown here, and for complete names, as approved by the U.S. 
Board on Geographic Names. Asterisk denotes informal name. A, Volcanoes of the Alaska Peninsula and Aleutian Islands, Alaska. B, 
Principal Cascade Range volcanoes, conterminous Western United States. C, Volcanoes of the Hawaiian Islands, including the active 
Loihi Seamount. 





L I V I N G W I T H 

V O L C A N O E S 
The U.S. Geological Survey's Volcano Hazards Program 

INTRODUCTION 

X he 1980 cataclysmic eruption of Mount St. Helens (Lipman and 
Mullineaux, 1981) in southwestern Washington ushered in a decade 
marked by more worldwide volcanic disasters and crises than any other 
in recorded history. Volcanoes killed more people (over 28,500) in the 
1980's than during the 78 years following the 1902 eruption of Mont 
Pelee (Martinique). Not surprisingly, volcanic phenomena and attendant 
hazards received attention from government authorities, the news media, 
and the general public. As part of this enhanced global awareness of vol­
canic hazards, the U.S. government significantly expanded the Volcano 
Hazards Program of the U.S. Geological Survey (Bailey and others, 1983) 
in response to the eruptions or volcanic unrest during the 1980's at 
Mount St. Helens (Washington), Mauna Loa and Kilauea (Hawaii), Long 
Valley Caldera (California), and Redoubt Volcano (Alaska). Entering the 
1990s, the sustained eruptive activity at Kilauea persists unabated, 
Mount St. Helens and Redoubt are still erupting intermittently, and the 
caldera unrest at Long Valley also continues, albeit less energetically 
than during the early 1980's. 

In addition to the areas mentioned above, the U.S. has many other 
active or potentially active volcanoes—over 65, which is more than all 
other countries except for Indonesia and Japan (Simkin and others, 1981; 
Tom Simkin, written commun., 1990). Most of these volcanoes are located 
in Alaska, and 55 of them, including 8 on the U.S. mainland, have shown 
activity since the U.S. was founded, just some 200 years ago. 



CONTINUOUS ERUPTION AND HAZARDS AT 
KILAUEA SINCE 1983 

Plume of primary SO;-rich gas (vog) rising from Puu Oo vent (upper right) 
and a secondary plume of HCI-rich steam (laze) rising from the entry of lava 
into the ocean (middle left) during the ongoing eruption of Kilauea on 
Hawaii. Photograph by J.D. Griggs. 

Volcanic haze on west coast of the Island of Hawaii carried by tradewinds 
from Kilauea and trapped by an inversion layer on the lee side of Mauna Loa. 
The acid-bearing volcanic pollutants affect crops and water catchment 
systems. Photograph by Dorian Weisel. 

As of May 1991, the eruption 
on Kilauea's east rift zone that 
began in January 1983 continues 
uninterrupted. Longest lived of 
any rift activity in recorded 
history at any Hawaiian volcano, 
lava flows produced during this 
prolonged eruption have de­
stroyed more than 180 homes and 
obliterated the world-renowned 
black-sand beach at Kaimu, on the 
south coast of the Island of 
Hawaii. Fortunately, no people 
have been killed or injured, but 
more than $5 million in property 
damage and economic loss has 
been incurred to date. In addition 
to hazards from ongoing lava 
flows, the persistent eruption has 
spewed noxious plumes of acidic 
volcanic gases that have affected 
many communities on the island. 
These plumes originate both at 
the erupting vent, producing vog 
(volcanic fog) where sulfur 
dioxide is converted to sulfuric 
acid a short distance downwind, 
and at the ocean, where lava 
entry produces hydrochloric acid-
bearing laze (lava haze) by 
boiling of seawater. The plumes, 
which also contain particulate 
matter (for example, volcanic 
glass or trace metals), are then 
carried by winds far from their 
source. Both vog and laze obscure 
scenic views, lower agricultural 
yields for certain crops, adversely 
affect people with respiratory or 
heart conditions, and acidify 
rainwater catchment tanks thereby 
producing a secondary hazard of 
leached lead in local water 
supplies. 

The current eruption shows 
no signs of stopping, and the 
continuing hazards pose a serious 
concern throughout the County 
and State of Hawaii, for citizens, 
tourists, and officials alike. 
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MOUNT ST. HELENS REAWAKENS 

The first earthquakes struck 
on March 20, 1980. Seismologists 
quickly determined that the 
quakes were centered beneath a 
snowy mountain, known to them, 
but not to the general public, as a 
potentially dangerous volcano, 
which had been dormant for more 
than a century. During the next 
week, the number of earthquakes 
increased, and these quakes 
triggered snow avalanches, which 
in turn forced closure of winter 
recreation areas around the 
mountain. Geologists and geo-
physicists converged on the scene 
to monitor the activity and met 
with local authorities to alert 
them to the possibility of an 
eruption. On March 27, steam and 
ash exploded from the summit of 
the volcano and marked the 
beginning of several small erup­
tions during the next two months. 

Public authorities prudently 
closed the area surrounding the 
mountain after being informed of 
the volcano's past violent behav­
ior by those who had conducted 
careful geological studies during 
the preceding 20 years. Although 
closure was a necessary precau­
tionary measure, it created 
discontent and even anger on the 
part of some citizens who wanted 
access to their property and 

recreation sites. Continued 
monitoring of the volcano indicat­
ed that its north flank, which 
towered above the most popular 
recreation area, was becoming 
increasingly unstable. Warnings 
were issued for landslides and 
large-scale snow avalanches. 
These warnings supported the 
need for continued closure of the 
area, although public pressure 
eventually led to brief, authorized 
forays into the area by cabin 
owners to retrieve belongings. 
One such trip was scheduled for 
the morning of May 18, but it 
never took place. 

At 8:32 a.m. on May 18, an 
earthquake triggered a gigantic 
landslide on the unstable north 
flank, which in turn unleashed a 
scorching, explosive blast of hot 
gas laden with rock fragments; 
massive floods of mud and rock 
down most river valleys; flows of 
hot, gas-rich volcanic rock; and an 
enormous plume of ash. The 
water-soaked landslide debris 
produced a series of dense slur­
ries that raced downstream and 
nearly severed Interstate Highway 
5 and the AMTRAK rail line 
connecting Portland, Oregon, and 
Seattle, Washington. These debris 
flows brought shipping on the 
Columbia River to a halt and 

came close to blocking cooling-
water intakes at an operating 
nuclear powerplant. These events 
transformed a lush landscape of 
dense, green forest into a dusty 
volcanic wasteland and killed 57 
people who were too close to the 
mountain. The eastern half of the 
State, where people were virtually 
unaware of any volcanic hazard, 
was blanketed with ash. The 
death toll, though large, could 
have been much, much higher 
without the previous warnings 
and resultant land closure. Luck 
also played a role in keeping the 
number of fatalities down. Had 
the eruption occurred on Monday 
rather than Sunday,several 
hundred loggers, working in an 
area near the volcano but outside 
the closed area, would have died. 
During the next decade, continued 
enforcement of restricted zones 
and careful observation and 
prediction of activity warned the 
public of impending eruptions, 
and no additional lives were lost. 
Research into what had caused 
the catastrophic eruption led to 
increased appreciation of the 
inherent instability of high, snow-
covered volcanoes and the haz­
ards they pose. 

Erupt ions from U.S. volcanoes can genera te 
ser ious volcanic haza rds , any of which can be 
dead ly : g lowing r ivers of mol t en rock (lava 
f lows) , d e v a s t a t i n g shock w a v e s a n d f iery 
blasts of debr is from volcanic explosions (pyro-
clastic surges) , red-hot avalanches of rock frag­
ments racing d o w n mounta ins ides (pyroclastic 
flows), and suffocating blankets of volcanic ash 
falling from the sky (pyroclastic falls). But that 
is not all. A number of equal ly dead ly process­
es involve water (Pierson, 1989), and in fact, 
over 80 percent of the more than 28,500 volca­

n o - r e l a t e d fa ta l i t i e s th i s pa s t d e c a d e w e r e 
caused by such hydrologic processes. Al though 
many hydrologic haza rds at volcanoes are di­
rectly associated with erupt ions , others are not. 
It is the lat ter that are especial ly dange rous 
because debr is ava lanches , debr is flows, and 
floods can strike without ivarning, for example, 
following per iods of heavy rainfall, and they 
occur wi th a greater frequency than erupt ions . 
Fur thermore , hydrologic hazards typically en­
danger popu la t ions in river valleys at consid­
erable dis tances from their source volcanoes— 
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as far as 150 kilometers downstream. Within 
the last few thousand years, large debris ava­
lanches, debris flows, and (or) floods have oc­
curred at most volcanoes in the Cascades and 
in Alaska (Heath, 1960; Hyde and Crandell, 
1978; Riehle and others, 1981; Beget, 1982; 
Siebert, 1984; Gallino and Pierson, 1985; Cam­
eron and Pringle, 1986; Osterkamp and others, 
1986; Riehle and others, 1987; Siebert and oth­
ers, 1987; Major and Newhall, 1989; Major and 
Scott, 1988; Scott, 1988; Siebert and others, 
1989; Nye and Turner, 1990; Scott and others, 
1990). 

Damaging earthquakes and sea waves (tsu­
nami) may also be closely related to volcanoes 
and volcanic activity. Large earthquakes relat­
ed to intrusion of magma into Hawaii's active 
rift zones of Mauna Loa and Kilauea have 
caused extensive damage on land and also trig­
gered tsunami in 1868 and 1975 that devastated 
low-lying coastal areas (Tilling and others, 
1976). Large landslides from Alaskan volcanoes 
near the sea have also generated tsunami that 
destroyed coastal villages (Kienle and others, 
1987). Recent research in Hawaii has shown 
that much larger tsunami have, in the more 
distant past, washed as much as 366 meters up 
on some of the islands (Moore and Moore, 
1984). These waves appear to have been gener­
ated by gigantic submarine landslides that re­
moved large parts of the Hawaiian volcanoes 
(Moore and others, 1989). These colossal fail­
ures have also torn away and submerged sub-
aerial parts of islands. 

A short list of notable eruptions and other 
volcanic activity at U.S volcanoes during the 
20th century is given in table 1. A more com­
plete listing of U.S. volcanoes active within the 
last 2,000 years, as well as older volcanic areas 
that have active geothermal systems, have 
shown recent signs of unrest, or which repre­
sent a particularly catastrophic event are shown 
in Appendix 1. Not listed are several dormant 
volcanic fields on the U.S. mainland that have 
erupted in the past 10,000-50,000 years and 
which could erupt again (Smith and Luedke, 
1984; Simkin and others, 1981; Miller, 1989). 
The eruption recurrence intervals for such vol­
canic fields are large; many of these fields have 

a deceptively tranquil appearance, show no ob­
vious signs of their violent past, and the land 
overlying and surrounding these fields is used 
for agriculture, recreation, or is developed for 
commercial or residential use. However, the 
possibility remains that one or more of the cur­
rently inactive volcanic fields could erupt 
again, probably preceded by a period of unrest 
sufficient to prepare for renewed eruption. 

The hazards posed by the U.S. volcanoes 
provide a fairly complete sampling of hazards 
shown by volcanoes worldwide. The variety of 
hazards, in conjunction with the relative abun­
dance of volcanic systems having eruption po­
tential in the U.S., are difficult challenges for 
the U.S. Geological Survey's Volcano Hazards 
Program. To address these challenges, we rely 
on observations and studies made at currently 
active volcanoes to understand their past histo­
ries. The combination of present observations 
and the reconstructed history of volcanoes, 
both currently inactive and recently active, al­
lows scientists to estimate the types of hazards 
and the likelihood of their occurrence for all 
potentially active or otherwise unstable volca­
noes and volcanic areas in the U.S. We recog­
nize, however, that an improved understand­
ing of volcanic processes in itself is insufficient 
to mitigate volcanic hazards. Effective and 
timely communication of hazards information 
to emergency-management authorities before 
and during a volcanic crisis is equally, if not 
more, important in reducing risk. This publica­
tion summarizes the Volcano Hazards Pro­
gram—its goals, the activities designed to 
achieve these goals, some key accomplishments 
of the past two decades, and a plan for work in 
the 1990's. Additional background information 
and bibliographic resources on volcanology 
and volcano hazards are given by Tilling 
(1989a, b). 
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Table 1. Notable eruptions of volcanoes in the United States during the 20th century 

[A complete listing of volcanoes and their e rupt ive history is given in Appendix 1] 
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Volcano Year Eruption type Impact 

Novarupta, 1912 Explosive; dome Largest eruption of the 20th century; produced 21 cubic 
Alaska kilometers of volcanic material, which is equivalent to 
(Katmai group). 230 years of eruption at Kilauea. Pyroclastic flow 

filled Valley of Ten Thousand Smokes, and as much as 
0.3 meter of ash fell 161 kilometers away. 

Lassen Peak, California .. 1914-1917 Explosive Pyroclastic flows, debris flows, and lava flows covered 
over 16 square kilometers. 

Mount St. Helens, 1980-1986 Explosive; dome Initial debris avalanche and lateral blast on May 18, 
Washington. 1980, removed the upper 396 meters of the volcano, 

killed 57 people, and triggered debris flows that 
temporarily stopped shipping on the Columbia River 
and disrupted highways and rail lines. The blast 
devastated 596 square kilometers, and destroyed 
timber valued at several millions of dollars. 
Measurable amounts of ash fell as far east as North 
Dakota. Subsequent to May 1980, the volcano 
produced pyroclastic flows, debris flows, and lava 
domes. 

Kilauea, Hawaii Ongoing since 1983 Lava flows Nearly 78 square kilometers covered by lava and over 
180 dwellings destroyed including, in 1990, the entire 
historic community of Kalapana. 121 square 
hectometers of new land added to the Island of 
Hawaii. 

Mauna Loa, Hawaii 1984 Lava flows Hilo, largest city on the Island of Hawaii, threatened. 

Augustine Volcano, 1986 Explosive; dome Ash plume disrupted air traffic and deposited ash in 
Alaska. Anchorage. A dome built in the crater led to fear of 

dome collapse triggering a tsunami along the east 
shore of Cook Inlet, as happened in 1883. 

Redoubt Volcano, 1989-1990 Explosive; dome Debris flows caused temporary closing of the Drift 
Alaska. River Oil Terminal. A 747 jet aircraft temporarily lost 

power in all 4 engines when it entered the volcanic 
ash plume, and it would have crashed had its engines 
not been started just 1,219 meters above the mountain 
peaks toward which it was heading. 



Simkin and others, 1981) on volcanoes active in 
the past 2,000 and 200 years. The final version 
of the manuscript was reviewed by Jeff Troll, 
Carolyn Donlin, Chris Newhall, and Bob Till­
ing. Tilling in particular deserves our thanks 
for his efforts to increase the readability of this 
document by a general audience, and for his 
assistance in facilitating the editorial process. 

PROGRAM GOALS AND ACTIVITIES 
THROUGHOUT THE 1980'S 

The Volcano Hazards Program was formed 
with the goals of: 

• preventing loss of life and property result­
ing from volcanic eruptions and volcano-
related hydrologic events, and 

• minimizing economic hardship and social 
disruption that commonly occur when vol­
canoes threaten to erupt. 

To understand the hazards we extensively 
monitor currently active volcanoes, and con­
currently conduct a vigorous program of re­
search in volcanic processes with the end goal 
of discovering how volcanoes work. The U.S. 
Geological Survey (USGS) provides volcano-
hazards information at a number of levels: to 
Federal, State, and local officials, to local citi­
zens, and to other concerned groups. In deliv­
ering hazard information that others must act 
on, the USGS does not dictate or even recom­
mend specific mitigation measures, because 
such measures must be balanced by social and 
economic considerations beyond USGS man­
date or expertise. Rather, the program provides 
information about volcanic hazards that will 
help people to choose and manage the risks as­
sociated with living near a volcano. 

The Volcano Hazards Program includes the 
following activities: 

• Identifying potentially active volcanoes. 

• Directly observing, measuring, and analyz­
ing volcanic unrest. 

• Studying and monitoring volcanic and hy­
drologic processes associated with differ­
ent kinds of volcanoes and eruptions. 

• Reconstructing eruptive and erosional his­
tory of volcanoes through study of mor­
phologic and depositional evidence of past 
events. 

• Studying effects of volcanic emissions on 
the atmosphere, soil, and water supply. 

• Preparing geologic and hydrologic volcano 
hazard maps for individual volcanoes. 

• Coordinating with officials responsible for 
public safety prior to and during eruptive 
activity. 

• Communicating information about poten­
tial hazards at a volcano, including the 
likelihood of their occurrence and potential 
areas of impact, to public officials, emer­
gency management personnel, and the pop­
ulation at risk. 

The activities of the program enable the ac­
cumulation of fundamental information on the 
nature of volcanic processes and associated 
hazards and, at the same time, provide the 
means for public officials to respond rapidly 
and effectively to volcanic crises. Program ac­
tivities are carried out at many USGS facilities 
(table 2) and involve the active collaboration of 
other agencies—Federal, State, and local—and 
several academic institutions (table 3). 

VOLCANO OBSERVATORIES: 
TAKING THE PULSE OF ACTIVE VOLCANOES 

To study active volcanism, the Volcano 
Hazards Program depends principally on the 
research and monitoring conducted at three 
permanent installations: the Hawaiian, Cas­
cades, and Alaska Volcano Observatories. Each 
observatory provides continuous and periodic 
monitoring of the seismicity, other geophysical 
changes, ground movements, gas chemistry, 
and hydrologic conditions and activity be­
tween and during eruptions. They also provide 
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Table 2. Facilities and activities of the U.S. Geological Survey Volcano Hazards Program 

Hawaiian Volcano 
Observatory, 
Hawaii Volcanoes 
National Park, 
Hawaii. 
Halemaumau 
Crater and Kilauea 
Caldera in the 
background. 
Photograph by J.D. 
Griggs. 

a detailed record of eruptions in progress. 
These observations serve to characterize erup­
tive behavior, identify the nature of precursory 
activity leading to eruption, define the process­
es by which different types of deposits are em-
placed, and specify the hazards that could be 
unleashed by each kind of eruption. From di­

rect observation of precursory signs, it is possi­
ble to anticipate eruptions. Underlying all ob­
servatory operations is an ongoing program of 
fundamental research in volcanic processes, 
supplemented by collaborative studies conduct­
ed at other USGS centers (table 3). Such re­
search typically includes direct interpretation 
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Facility Location Activities 

Alaska Volcano Observatory Anchorage, Alaska Coordination of Volcano Hazard Program activities in 
(AVO). (headquarters). Alaska. 

AVO Fairbanks, Alaska Volcano observation, research, and hazard evaluation for 
Alaska. 

Cascades Volcano Observatory Vancouver, Washington Volcano observation, hydrologic and geologic monitoring, 
(CVO). research, and hazard evaluation for the Cascade Range 

and western U.S. (monitoring includes Yellowstone and 
Long Valley Calderas); mapping of Cascades volcanoes. 

Hawaiian Volcano Observatory Hawaii Volcanoes National Volcano observation, monitoring, research, and hazard 
(HVO). Park, Hawaii. evaluation for the Hawaiian Islands. 

Headquarters Reston, Virginia Program coordination; research in volcano processes and 
products. 

Western Regional Center Menlo Park, California Program coordination; monitoring Long Valley Caldera (in 
conjunction with CVO); research in volcanic processes and 
products; mapping of Cascades volcanoes. 

Central Regional Center Denver, Colorado Research in volcanic processes and products. 

Flagstaff Field Center Flagstaff, Arizona Research in volcanic processes and products. 


