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Photographs of Mount St. Helens after (top) and before (bottom) the May 18, 1980, eruption, taken from exactly the same spot at
Coldwater II observation station, 5.7 miles north-northwest of the peak. Haze in the top view is mostly airborne volcanic ash, which is
present near the volcano during all but the calmest (or rainy) days. These photographs were taken by Harry Glicken on May 17 and
September 10, 1980.
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IN DEDICATION

DAVID A. JOHNSTON
DECEMBER 1949-MAY 1980

Volcanologist David A. Johnston writing
field notes at Coldwater II observation
station May 17, 1980, the evening before
he was killed by the lateral blast of the
Mount St. Helens eruption. Earlier in the
day, Johnston had collected volcanic gas
samples from a fumarole high on the
unstable northern side of the volcano (see
fig. 20.). This photograph was taken by
Harry Glicken, who was relieved of his
observer duties at Coldwater II by
Johnston and who brought this film out
of the area the night before the fatal erup-
tion.
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Among those who lost their lives in the May 18, 1980, eruption of Mount St. Helens
was an exceptional colleague, volcanologist David Johnston.

David was special not only because he was the first member of the U.S. Geological
Survey to die in a volcanic eruption but also because of his capabilities and his dedica-
tion to his science. He knew well the personal risks involved in studying active
volcanoes. Yet, his belief in the need to better understand volcano behavior led him to
vigorous service in the “front lines” at Mount St. Helens. Through it all, he displayed a
rare combination of inventiveness and originality in his scientific observations and in-
terpretations.

On the morning of May 18, David was alone at the Coldwater Il observation station,
5.7 miles from the mountain’s summit, measuring the volcano’s bulging northern side.
He was among the first to see the beginning of the eruption and tried to send a warning
to the control center. “Vancouver, Vancouver, this is it!,” he shouted into his radio.
Then, as the black, billowing front of the lateral blast raced toward him, he tried a sec-
ond message, which was garbled by atmospheric disturbance from the eruption.
Then—nothing.

The lateral blast obliterated Coldwater II observation station. Ironically, the loca-
tion was (and is again) considered to be much safer than some of the sites on the moun-
tain itself that David and his colleagues visited regularly.

We dedicate this report to David Johnston, an untimely loss to his science as well as
to his friends.



PREFACE

This report is unusual for the U.S.
Geological Survey’s Professional Paper
series. Not only does it attempt to
describe volcanic events that are un-
precedented in United States history, it
also tries to describe those events in
ways that the nontechnical reader will
understand and in a context of human
concerns to which he can relate. This
account will serve as a backdrop for
more technically written scientific
reports on the volcanic activity at
Mount St. Helens and the geologic and
hydrologic effects of its eruptions.

Because this report is intended for a
broad audience consisting mainly of
nonscientists, we have avoided tech-
nical language wherever it was possi-
ble. Discussions of the volcanic proc-
esses and related hazards, however,
touch upon many scientific specialties
and involve some terms and concepts
for which nontechnical counterparts
simply do not exist. Some of these
technical terms are explained when
they are used in the main body of the
report, and some are defined in a
glossary at the back of the report (p.
121). A term that is explained in the
glossary appears in bold italicized type
the first time that it is used in the text.

Similarly, we have used mostly Eng-
lish units of measurement (inches,
feet, miles, and so forth) rather than
metric units for presenting quantitative
information. Exceptions include alti-

tudes and contour intervals (given in
meters) on one of the general maps (fig.
7) and ash thicknesses (given in milli-
meters) on the ash-distribution maps
(figs. 35, 43, and 48). Temperatures are
given in both Fahrenheit and Celsius
units. A table for converting other
units to the metric system is provided
at the back of the report (p.125).

Although the words in this report
are largely ours, most of the informa-
tion comes from the work of many
others. These information sources
range from scientific publications
prepared years before the 1980 erup-
tions to oral accounts, news releases,
and data obtained after the major erup-
tions. It is impossible to present ap-
propriate and balanced credits for all
information and materials used; gener-
ally we have cited only the more readi-
ly indentifiable sources, such as
photographers (in photographic cred-
its) and published reports (listed in the
reference section).

Among the sources that can be iden-
tified are the daily, summary, and
hazard reports prepared by the leaders
of the U.S. Geological Survey’s Mount
St. Helens task force—Robert L. Chris-
tiansen, Dwight R. Crandell, Robert
W. Decker, Donal R. Mullineaux, and
Donald W. Peterson—and by the
leader of the University of Washington
seismology center, Stephen D. Malone.
We also have borrowed freely from
U.S. Geological Survey press releases
prepared by Donovan Kelly, Edna C.
King, and Donald R. Finley. With per-
mission, we have quoted the eye-
witness account provided by Keith L.
Stoffel, first published in Information

Circular 71 of the Washington Depart-
ment of Natural Resources, Division of
Geology and Earth Resources (Korosec
and others, 1980). Many other eye-
witness accounts and observations by
both scientists and nonscientists are
quoted or paraphrased.

Christiansen provided us with a
typescript copy of a paper published in
Nature (June 19, 1980) (Christiansen,
1980). We made extensive use of it and
of monthly reports prepared by many
scientists on the U.S. Geological
Survey-University of Washington
team. We also have quoted from
Potential Hazards from Future Erup-
tions of Mount St. Helens Volcano,
Washington, published as U.S.
Geological Survey Bulletin 1383-C
(Crandell and Mullineaux, 1978). The
“Glossary of Volcanic and Related
Terms” (p. 121) is derived largely from
a glossary prepared by Roy A. Bailey.

Although most of the technical in-
formation for this report was provided
by colleagues in the U.S. Geological
Survey, other individuals and agencies
also provided valuable information.
Malone furnished summary data on
seismic events recorded by the Univer-
sity of Washington Geophysics Pro-
gram. We used information selectively
from bulletins prepared by the Mount
St. Helens Technical Information Net-
work; other information was taken
from daily reports and news releases of
the U.S. Forest Service, the U.S. Army
Corps of Engineers, and the Federal
Emergency Management Agency. For
the human side of the volcanic events,
we relied on the news media and a few
personal interviews.



Photographs used to depict various
events or features discussed in the text
were selected, insofar as it was prac-
tical, to reflect the first occurrence or
discussion of the specific event or
feature. Better illustrations of several
subjects, however, are provided by
photographs that were not strictly
equivalent in time. Other illustrations
are enhanced by paintings by U.S.
Geological Survey hydrologist-artist
Dee Molenaar.

Technical reviews of part or all of
this report were provided by Mul-

lineaux, Peterson, Crandell, Molenaar,
David G. Frank, David P. Dethier,
Philip J. Carpenter, Edwin H.
McGavock, John E. Cummans, Mark
L. Holmes, and Jerry C. Stephens of
the U.S. Geological Survey; Malone of
the University of Washington Geo-
physics Program; James L. Unter-
wegner of the U.S. Forest Service; and
geologists Vaughn E. Livingston, Jr., J.
Eric Schuster, and Michael A. Korosec
of the Washington Department of Nat-
ural Resources, Division of Geology
and Earth Resources. Individual credits

for the many other scientists, graphics
specialists, and reviewers who con-
tributed to this report are impractical,
but the helpful cooperation of all is
most gratefully acknowledged.

Finally, we wish to acknowledge the
key role played by David A. Rickert,
assistant to the Chief Hydrologist of
the U.S. Geological Survey, who de-
veloped the concept for this report and
provided encouragement and many
helpful suggestions during its prepara-
tion.
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Volcanic Eruptions of 1980 at
Mount St. Helens

The First 100 Days

By BRUCE L. FOXWORTHY and MARY HILL

ABSTRACT

On May 18, 1980, after nearly 2 months
of local earthquakes and steam eruptions,
picturesque Mount St. Helens, a Cascade
Range volcano in southwestern Washing-
ton, suddenly began a major explosive
eruption directed first northward and then
upward. The lateral blast, which lasted
only the first few minutes of a 9-hour con-
tinuous eruption, devastated more than 150
square miles of forest and recreation area,
killed countless animals, and left about 60
persons dead or missing. The 9-hour erup-
tion, the huge debris avalanche that im-
mediately preceded it, and intermittent
eruptions during the following 3 days
removed about 4 billion cubic yards (0.7
cubic mile) of new magmatic material and
of the old upper and northern parts of the
mountain, including about 170 million
cubic yards (0.03 cubic mile) of glacial snow
and ice. The eruption caused pyroclastic
flows and many mudflows, the largest of
which produced deposits so extensive and
voluminous that they reached and blocked
the shipping channel of the Columbia River
about 70 river miles from the volcano. The
May 18 eruption blew volcanic ash, con-
sisting of pulverized old rock from the
mountain’s core as well as solidified new
lava, more than 15 miles into the air. Winds
carried the ash generally eastward across
the United States and, in trace amounts,
around the world. The ash, which fell in
troublesome amounts as far east as western
Montana, severely disrupted travel, caused
widespread economic loss, and resulted in
other problems that persisted to the end of
the first 100 days of the volcano’s activity
(June 27, 1980). During that time, two other

major eruptions (May 25 and June 12) also
produced troublesome ashfalls in western

Oregon and Washington.
Mount St. Helens had been labeled in a

1975 U.S. Geological Survey report as the
Cascade volcano most likely to erupt.
When frequent earthquakes began beneath
the mountain on March 20, 1980, the po-
tential for volcanic activity was recognized
quickly by University of Washington
seismologists and soon was accepted by
most other knowledgeable scientists. Of-
ficials of emergency-services agencies and
other appropriate organizations at all
governmental levels were alerted to the
possibility of an imminent eruption. Scien-
tists quickly stepped up the collection and
interpretation of pertinent geologic,
geophysical, hydrologic, and atmospheric
data. As events progressed toward the cli-
mactic eruption of May 18, scientists, law-
enforcement officers, and other responsible
officials teamed up in round-the-clock ef-
forts to evaluate the increasing hazards and
to protect tourists and local residents (often
against their will) while also attempting to
minimize panic and hardships among the
citizenry. Officials of the State of Washing-
ton and the U.S. Forest Service established
restricted-entry zones around the volcano.
Most people respected these restrictions,
but the spectacular eruptions of steam and
ash from the mountaintop were an irresisti-
ble attraction to some, who entered the
danger zone by way of logging roads too
numerous to blockade. An information
center established at Vancouver, Wash.,
coordinated the release of warnings and
other information, including thousands of
news releases and responses to telephone in-
quiries, daily briefings by scientists, and ex-
planatory meetings with officials and local
citizens.

From mid-April to May 17, eruptions
and seismic activity diminished to such a
degree that some residents and loggers were
clamoring for entry into the restricted area
near the volcano. (Limited entry was, in
fact, granted on May 17 and scheduled also
for the morning of the cataclysmic erup-
tion.) The scientific data, however, showed
that the mountain was bulging on its upper
northern side and undergoing other omi-
nous changes and, therefore, that the
hazards were increasing rather than de-
creasing. Although opposition to official
restrictions was widespread before the May
18 eruption, the human responses to the
far-reaching effects of that eruption includ-
ed acts of exceptional heroism, and selfless
cooperation was commonplace.

The May 18 eruption differed from what
was generally expected by the scientific
team mainly in the character and destruc-
tiveness of the lateral blast and the lack of
prior seismic warning. With these notable
exceptions, the scientists’ evaluation pro-
vided an ample hazard warning and un-
questionably saved hundreds of lives. That
evaluation was based not only on the
many-faceted project for monitoring rest-
less Mount St. Helens but also on informa-
tion obtained by earlier geologic investiga-
tions of this volcano, of other Cascade
volcanoes, and of other volcanoes
throughout the world.

Hazards that continued after the first 100
days of activity at Mount St. Helens.in 1980
included possible ashfall and ash clouds,
pyroclastic flows, lateral blasts, lava flows,
floods, mudflows, and fires. The main
flood hazard existed along the channels of
the Toutle and lower Cowlitz Rivers, which
were so choked with mudflow deposits
from the May 18 eruption that normal wet-
season runoff could have caused severe
overbank flooding. Dredging undertaken
on an emergency basis to open the channels
probably will be continued in subsequent
years,

Abstract 1



The volcanic activity at Mount St.
Helens during the 100-day period ending
June 27, 1980, is not exceptional in recorded
history or in the evolution of the Cascade
Range. Mount St. Helens was only one of
perhaps 50 volcanoes worldwide that were
active during 1980, although its May 18
eruption was by far the most powerful dur-
ing the year and, perhaps, during the last
decade. At the end of the 100-day period,
the mountain remained dangerous to those
nearby, but the near-term likelihood of
another eruption as destructive as that of
May 18 was considered to be small. So far
as is known, the 1980 eruptions of Mount
St. Helens do not increase the probability
that other Cascade Range volcanoes will
erupt. The eruptions should, however,
serve as a reminder that other Cascade

volcanoes will erupt in the future as surely
as they have in the past and that they are
likely to produce effects that no amount of
farsightedness or good intentions will be
able to prevent.

The outlook for the future of Mount St.
Helens and the areas that it affected can be
discerned only partially. Salvage of blown-
down timber was begun in June 1980, but
proposals have been made to incorporate
part of the devastated forest area into a
park. Tourists are expected to be attracted
in great numbers. Future uses of land near
the volcano probably will resume largely as
they were—forestry, farming, recreation,
and hydropower generation—but will de-
pend ultimately on the behavior of the
volcano. The volcano might go through a
period of dome building (as it was on June

INTRODUCTION

On May 18, 1980, Mount St. Helens
in southwestern Washington exploded
in a volcanic eruption more violent
than any in the conterminous United
States during the 20th century. An im-
mense avalanche from the volcano’s
northern side was followed immediate-
ly by an explosive eruption directed
first northward and then upward. The
sustained lateral blast spewed hot gas
and rock particles from the volcano at
hurricane speeds, its devastation
reaching nearly 16 miles outward from
the volcano’s center. Nearer the moun-
tain, massive deposits of rock and ice
from the avalanche were followed by
intensely hot pyroclastic flows and by
countless mudflows. In a wide swath
northward from the mountain, surviv-
ors of the blast—plant, animal, or
human—were rare.

Some of the consequent, more dis-
tant effects of the May 18 eruption,
which were themselves considered to
be major disasters, included smother-
ing layers of volcanic ash that fell on
much of Washington and parts of other
States. Others were the extensive
floods and mudflows that poured
down stream courses leading from the
mountain and left huge deposits of
sediment that choked the channels of
major rivers in southwestern Washing-

ton—even a part of the mighty Colum-
bia River.

The eruption of May 18, 1980, so far
has been the main event in a sequence of
volcanic activity that began on March
20 of that year and persisted for 100
days (to June 27) and beyond. The
eruptive events at Mount St. Helens
during the spring of 1980 were prob-
ably the most intensively observed,
photographed, documented, and
reported series of geologic events in
history. The broad coverage of the
events, particularly by the news media,
resulted in many different accounts,
from many different viewpoints, on
many different aspects of the volcanic
activity and its impacts. Unfortunate-
ly, these accounts do not all agree or
reflect the facts as they are now
known.

The U.S. Geological Survey (USGS)
has played a major role in the observa-
tion, interpretation, and documen-
tation of this sequence since it began.
As the Federal agency responsible for
geologic and hydrologic investigations
and geologic hazard warnings (see p.
121), the USGS has an obligation to
report to the Nation on these events,
This paper is intended to provide a
scientifically sound, general descrip-
tion of the events and their effects—to

2 The First 100 Days of Mount St. Helens

27, 1980) interspersed with occasional ex-
plosive eruptions; it might extrude enough
lava to overflow the crater that was left
open to the north; or the volcanic activity
might simply stop indefinitely at any stage.

In the meantime, the ash gradually will
be assimilated into the soil. The streams and
lakes that persist on the mountain flanks
and in the devastated area will adjust to the
new conditions of runoff and sediment
load. Glaciers and snowfields will adapt to
the different shape and lower altitude of the
cone. Animals and vegetation, already re-
turning to the devastated areas at the end of
June 1980, will become abundant again.
The restorative phase of the cycle, repeated
many times before at this volcano and
others in the Cascades, has begun once
more.

supply answers for the general reader,
from the perspective of earth scientists,
to the questions, “What happened?”
and “What does it all mean?”

Another major purpose of this re-
port is to provide an accurate summary
of the events before, during, and short-
ly after the devastating eruption of
May 18, 1980, and the two lesser erup-
tions of May 25 and June 12. A
chronological summary is preceded by
a brief general discussion of Cascade
Range volcanoes, the geologic proc-
esses involved in a volcanic sequence,
the conditions at and near Mount St.
Helens before the volcanic activity
began, and the perception of and warn-
ing about the volcanic hazards. The
chronology is followed by a short
discussion of the continuing hazards,
the outlook for future volcanic activi-
ty, and some implications for the
future use and management of affected
land and water resources.



CASCADE RANGE VOLCANOES

Mount St. Helens is one of a group
of high volcanic peaks that dominate
the Cascade Range between northern
California and southern British Colum-
bia, Canada (fig 1.) The distribution of
these volcanic peaks in a band that
roughly parallels the coastline is
typical of the so-called “Ring of Fire,” a
roughly circular array of volcanoes
located on islands, peninsulas, and the
margins of continents that rim the
Pacific Ocean (Anderson, 1980).

Even before it began erupting in
1980, Mount St. Helens and at least six
other volcanoes in the Cascade Range
were known to be active—that is, to
have erupted at least once during his-
torical time. Few major Cascade vol-
canoes are known to have been inac-
tive long enough to be considered
extinct or incapable of further erup-
tion. Most display some evidence of
residual volcanic heat, such as
fumaroles, hot springs, or hot ground
where snow melt is unusually rapid.
Information about the previous erup-
tions of some major Cascade volcanoes
is presented in table 1.

Dramatic eruptive activity in the
Cascades has been rare so far in the
20th century. Until the recent eruptions
at Mount St. Helens, the only Cascade
volcano that had a major eruption dur-
ing this century was Lassen Peak in
California. A series of intermittent
eruptions of steam and volcanic ash
beginning in May 1914 and lasting un-
til 1921 climaxed, during the 4 days
from May 19 to 22, 1915, in a series of
violent events comprising small lava
flows, massive lava-triggered mud-
flows, and explosive eruptions of ash.
The most destructive of these eruptions
included a nearly horizontal (lateral)
blast that reached only about one-fifth
as far as the recent Mount St. Helens
lateral blast (Day and Allen, 1925).
From the time when Lassen Peak
quieted until March 1980, the only
other known increase in activity at a
Cascade volcano occurred at Mount

Baker (fig. 1), when a sudden increase
in emanations of heat, steam, and
other gases from a previously steaming
old crater began on March 10, 1975.
Although new fumaroles were formed
and minor amounts of “volcanic dust”
and sulfur were emitted, “the greatest
undesirable natural results” that were
observed at Mount Baker were “an in-
crease in local atmospheric pollution
and a decrease in the quality of some

local water resources” (Bortleson and
others, 1977, p. B1). Since 1976,
however, even those effects have sub-
sided to levels only slightly higher than
those that prevailed before 1975.
Eruptions of Cascade volcanoes tend
to be much more explosive than those
of, for example, the well-known
Hawaiian volcanoes. This explosive
tendency is related to the chemical
composition of the magma that feeds
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FIGURE 1.—Sketch map of the Pacific Northwest and the western Pacific Ocean showing
major Cascade Range volcanoes and other regional features. The position and aline-
ment of the Cascade Range volcanoes result from the slow grinding together (con-
vergence) of huge plates of the Earth’s crust as new volcanic rock is added at spreading
zones beneath the ocean (after Atwater, 1970). Arrows indicate relative movement of
the crustal plates. These processes are further illustrated in figure 2.
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TABLE 1.—Activity of major Cascade Range volcanoes
[Locations of volcanoes shown in fig. 1]

Summit altitude
(ft above Times of Nature or products Present thermal
Volcano sea level) eruptions ! of eruptions 2 activity Remarks and references

British Columbia, Canada

Mount Garibaldi ___ 8,787 ________ About 10,000(?) ___ Lavaflows; _______ None; may be ___  Volcano's core is solid
years ago. fragmental extinct. dacite rocks. Most of
pyroclastic cone comprises frag-
deposits. mental material that was

deposited on surround-
ing ice of a continental
glacier (Mathews, 1952;
Harris, 1980).

Washington
Mount Baker _____ 10,775 - 1820(?); 1843; _____ Steam, ___________ Steaming _______ Heat emission increased
1846; 1853- pyroclastic fumaroles at markedly in crater area
1854; 1858; materials, flank and in 1975 and produced
1859-1860; mudflows. crater warm, acidic meltwater
1863; 1870. locations. and effusive emissions
of steam containing
occasional traces of ash
and sulfur dust. Activity
had diminished some-
what by 1978 (Malone
and Frank, 1975).
Glacier Peak ______ 10,451 _“%01 ' About 200-300 ____  Mudflows; _______ Twohot ________ Eruptions have characteris-
years ago; pyroclastic springs on tically produced large
1,000-1,800 flows; wide- the volcano's volumes of volcanic ash
years ago; spread ash lower flanks. and airborne pumice
1,800-2,800 and pumice. that could endanger
years ago. closest centers of popu-
lation (Tabor and
Crowder, 1969; Beget,
1979).
Mount Rainier ____ 14,410 _______ About 1820(?); ___-  Light pumice _____ Occasional ______ Largest of the Cascade vol-
1841-1843(7); fall between steam explo- canoes. A mudflow
1854(?); 1879; 1820 and sions on caused by steam explo-
1882. 1854, only upper slopes; sions about 5,700 years
steam emission many steam ago was one of the
and mudflows vents and largest known in the
thereafter. hot rocks world. Expected to erupt
in summit again within the next
craters. few hundred years;

hazards consist mainly
of mudflows, floods,
and fallout of tephra
(Crandell and
Mullineaux,

1967).

4 The First 100 Days of Mount St. Helens



TABLE 1.—Activity of major Cascade Range volcanoes—Continued

Summit altitude

(ft above Times of Nature or products Present thermal
Volcano sea level) eruptions ! of eruptions 2 activity Remarks and references
Washington —Continued
Mount St. Helens __ 8,364 ________ Between 1600 _____ Violent __________ Strong _________ Had been identified in
(9,677 and 1700; explosions, steaming; 1978 as an especially
before about 1800- pyroclastic occasional dangerous volcano
May 18, 1802; 1831; flows, lava eruptions of because of its past
1980). 1835; 1842- extrusions; steam and behavior and relatively
1844(?); lava dome ash; occa- high frequency of
about 1847- formation; sional pyro- eruptions (Crandell
1854; 1857; steam and clastic flows, and Mullineaux, 1978).
1980-? ash; mudflows. intermittent
(see table 2). extrusion of
dome-forming
lava (as of
June 27,
1980).

Mount Adams ____ 12,286 _______ No more than _____ Lava flows _______ Fumaroles ______ Appears to consist of
1,000 or 2,000 emitting a group of several
years ago. steam and superimposed volcanic

hydrogen cones. Summit crater
sulfide in has extensive sulfur
the crater deposits that were
area. formerly mined
(Hopkins, 1969
Harris, 1980).
Oregon
Mount Hood _____ 11,245 oo 1865; 1859(7) ———__ Incandescent(?) ___  Extensive _______ Expected to erupt again,
gaseous fumaroles possibly within the next
plumes; small emitting few decades, but time of
amount of steam and eruption cannot now
pumice. other gases; be predicted.
also hot Portland metropolitan
200-300 years ___ Mudflows; ground on area probably will not
ago; 1,500- pyroclastic upper south- be significantly affected
1,800 years flows, dome western side. (Crandell, 1980;
ago. extrusions. Harris, 1980).

Mount Jefferson ___ 10,495 _______ Earlier than _______ Lava flows _______ None; may be ___  Future eruptions in the
about 40,000(?) extinct. vicinity are most
years ago. likely to be from

smaller adjacent
volcanoes, last active
about 6,400-6,500
years ago (Harris, 1980).
Three Sisters ______ 10,085 _______ Possibly within ___  Lava extrusion -~ None known ____ A cluster of closely
(North the last 1,000 summit area grouped, glacier-clad
Sister); years. (South Sister). large volcanoes in an
10,047 area of many smaller
(Middle Flank eruptions young volcanic cones
Sister); Less than of lava and (Williams, 1944;
10,358 2,500(7) pyroclastic Harris, 1980).
(South years ago. deposits
Sister). (South Sister).

Cascade Range Volcanoes
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TABLE 1.—Activity of major Cascade Range volcanoes—Continued

Summit altitude

(ft above Times of Nature or products Present thermal
Volcano sea level) eruptions ! of eruptions ? activity Remarks and references
Oregon—Continued

Newberry

Volcano _______ 7,985 . About 1,400 ______ Lava flows, _______ Hot springs _____ Actually about 40 miles
(Paulina years ago. tephra. in eastern east of the Cascade
Peak). crater lake. Range. A broad shield

Volcano is volcano with a large
promising pros- summit crater occupied
pect for deep- by two lakes. One of the
seated thermal region’s largest volcanoes
energy. before its explosive
eruption and collapse
(Williams, 1935;
Harris, 1980).

Crater Lake ______ 8166 Atleast 800- ______ Explosive ________ None ___________ From a probable altitude
(Mount (Hillman 900 years ago. eruptions of roughly 12,000 ft,
Mazama) Peak). that built the top of former Mount

Wizard Island Mazama was lost to
and two other eruption and collapse
cones (sub- that left the present huge
merged) on crater and the deepest
present crater lake (1,932 ft) in North
floor. America (Williams, 1942;
Harris, 1980).
About 6,600 ______ Very explosive
years ago. eruptions pro-

ducing region-
wide ashfall
and extensive
pyroclastic
flows.

Mount ___________ 0493 .. .. About 1,500- _____ Lava flows _______ None ___________ (Harris, 1980)

McLoughlin 2,000(7)

years ago.
California
Mount Shasta _____ 14,161 _______ During about _____ Pyroclastic _______ Two small ______ Has erupted an average
the last 200 flows, hot fumarole of about once every 600
years. mudflows, areas on the years during the last
cool mudflows. summit 4,500 years. Future
dome; one eruptions very likely
About 700 _______ Pyroclastic has a from vents at or near
years ago. flow. small acidic the present summit but
hot spring. could also occur at new

6 The First 100 Days of Mount St. Helens 4

vents almost anywhere
in the vicinity of
Mount Shasta

(Miller, 1980).



TABLE 1.—Activity of major Cascade Range volcanoes—Continued

Summit altitude

(ft above Times of Nature or products Present thermal
Volcano sea level) eruptions * of eruptions 2 activity Remarks and references
California—Continued

Lassen Peak ______ 10,467 = -~ 1914-1921 ________ Violent explosions; Small steaming -~ One of youngest major
pyroclastic fumaroles in Cascade volcanoes.
flows; lava summit Most of the mountain is
flow; steam and craters; hot a single mass of dacite
ash; mudflows; ground on rock, emplaced in a
lava dome northern relatively short time.
formation. flank. Only volcano in the 48

conterminous United
States, besides Mount
St. Helens, to have
erupted during the 20th
century (Macdonald and
Katsura, 1965; Harris,
1980).

1 Nearly all dates before the mid-1800’s are subject to some uncertainty, earlier dates being more uncertain than later ones. Uncertainty is indicated, in ac-
cordance with listings in referenced reports, by (2).
2 Products are those associated with the eruptions listed in the preceding column; other volcanic rocks and related deposits were involved in earlier cone-

building phases.
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FIGURE 2.—The Juan de Fuca crustal plate is slowly thrusting under the North American plate and into the hotter mantle layer, as this greatly
simplified diagram shows. This process results in the formation of magma and probably also causes the zones of weakness in the North
American plate through which magma rises to feed Cascade volcanoes. As the Juan de Fuca plate moves northeastward (relative to the
mainland) at a rate of perhaps 1 inch a year, new rock material is added by volcanic extrusion in the Juan de Fuca Ridge spreading zone.
(Data from Atwater, 1970; Srivastava and others, 1971; Riddihough, 1978.)
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FIGURE 3.—Typical warning signs of possible increase in volcanic activity and some ways in which they can be detected and monitored. In
addition to the phenomena shown, slight variations in local gravity or magnetism often are related to changes in volcanic activity. None
of these clues tells for sure whether or when a volcano will erupt. A, Earthquakes caused by magma intrusion, measured by
seismometers; may be felt by people nearby. B, Increased heat and gas emission; may be detected from visible fuming, water-quality
changes in streams draining from the volcano, or unusual increases in streamflow or avalanches. May be measured with ground-level
temperature instruments, by sampling at fumaroles, by spectrometer scanning (to determine gas contents), and by infrared (heat) scan-
ning and gas sampling from aircraft. C, Inflation caused by magma intrusion; may be measured by tiltmeters and by sequences of
photographs, precise optical surveys, and laser-electronic distance measurements that span the period of inflation. D, Steam-driven
(phreatic) eruptions of old rock and ash; monitored by visual observation, radar observation, photography and video recording, and by

studies of the ejecta.

the volcanoes and to the amount of gas
contained in the magma. Magma from
the more explosive volcanoes contains
relatively large amounts of gas and
silicon and produces rocks such as
andesite, dacite, or rhyolite. Magma
from the less explosive volcanoes con-
tains smaller concentrations of gas and
silicon and produces basalt as well as
andesite. Some Cascade volcanoes, in-
cluding Mount St. Helens, have had

nonexplosive eruptions of andesite and
basalt, as well as explosive eruptions,
in the past.

The existence, position, and recur-
rent activity of the Cascade volcanoes
are generally thought to be related to
the convergence of shifting crustal
plates (figs. 1 and 2). The Juan de Fuca
plate and the Gorda plate are oceanic
crustal plates that apparently are
slowly but inexorably thrusting under

8 The First 100 Days of Mount St. Helens

the North American plate at a rate of
perhaps 1 inch a year along a con-
vergent margin that generally parallels
the northern Pacific coast. Although
the deep structural relationships are
complex and not thoroughly under-
stood, the presence of magma bodies
beneath the Cascade Range, as well as
the zones of structural weakness along
which the magma rises to form the
Cascade volcanoes, probably is related




to the convergence of these crustal
plates. The diagrammatic cross section
(fig. 2) shows the relationship between
the Juan de Fuca plate and the North
American plate and the source of
magma for Cascade volcanoes.

Lava eruptions occur when magma,
formed many miles beneath the Earth’s
surface, moves upward through zones
of weakness in the crustal rock layers
and is ejected from surface vents. Till-
ing (1977, p. 37) described the proc-
esses leading up to a typical eruption:
“. .. magma is fed from depths into a
[magma] reservoir [analogous to air
filling a balloon], the internal pressure
increases, and the surface [rock] layers
are pushed upward and outward in
order to accommodate the swelling, or
inflation. The net effects of such infla-
tion include: the steepening of slope of
the volcano’s surface; increase in
horizontal and vertical distances be-
tween points on the surface; and, in
places, the fracturing of the [rock]
layers stretched beyond the breaking
point. Such rupturing of materials ad-
justing to magma-movement pressures
results in earthquakes.” The earth-
quakes, inflation, and related phe-
nomena can be monitored by several
methods (fig. 3), and such monitoring
provides the best available guidance
about the state of volcanic activity and
associated hazards. Although this con-
cept of internal volcanic processes was
developed through years of research on
volcanoes in other parts of the world,
the foregoing description is generally
applicable to the sequence of the
Mount St. Helens eruptions.

FIGURE 4.—A, Aerial view of Mount St.
Helens from the west in October 1977.
The symmetry of the cone and its snow
cover gave the volcano its nickname, the
“Fuji of America,” because of its similari-
ty in appearance to the famous Japanese
volcano. Mount Adams is in the
background. (Photograph by Dee
Molenaar, USGS.) B, View of Mount St.
Helens from Goat Marsh Lake, 5 miles
southwest of the peak, in 1978.
(Photograph by Dwight R. Crandell,
USGS.)

MOUNT ST. HELENS

BEFORE 1980

Mount St. Helens was known as “the
Fuji of America” because its symmetri-
cal beauty was similar to that of the
famous Japanese volcano (fig. 4A).
The graceful cone top, whose glisten-
ing cap of perennial snow and ice
dazzled the viewer, is now largely
gone. On May 18, 1980, the missing

mountaintop was transformed in a few
hours into the extensive volcanic ash
that blanketed much of the North-
western United States and into various
other deposits closer to the mountain.

Even before its recent loss of height,
Mount St. Helens was not one of the
highest peaks in the Cascade Range. Its
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FIGURE 5.—Map of pre-1980 Mount St. Helens showing named features referred to in the text. The shaded area surrounding the peak
indicates the approximate extent of timber in 1958, much of which had been logged by 1980. The dashed line encloses the part of the
north-side slope that became the unstable bulge area. By 1980, Timberline Campground had been closed and replaced by a public view-

point about a quarter of a mile to the east (see figs. 7 and 18).
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summit altitude of 9,677 feet made it
only the fifth highest peak in Washing-
ton (table 1). It stood out handsomely,
however, from surrounding hills be-
cause it rose thousands of feet above
them and had a perennial cover of ice
and snow (fig. 4B). The peak rose more
than 5,000 feet above its base, where
the lower flanks merge with adjacent
ridges. The mountain is about 6 miles
across at the base, which is at an alti-
tude of about 4,400 feet on the north-
eastern side and about 4,000 feet else-
where. At the preeruption timberline
(upper limit of trees), the width of the
cone was about 4 miles (fig. 5).

Mount St. Helens is 34 miles almost
due west of Mount Adams, which is in
the eastern part of the Cascade Range
(figs. 1 and 4A). These “sister and
brother” volcanic mountains are each
about 50 miles from Mount Rainier,
the giant of Cascade volcanoes. Mount
Hood, the nearest major volcanic peak
in Oregon, is about 60 miles southeast
of Mount St. Helens.

Mount St. Helens was named for
British diplomat Alleyne Fitzherbert
(1753-1839), whose title was Baron St.
Helens. The mountain was named by
Commander George Vancouver and
the officers of H.M.S. Discovery while
they were surveying the northern
Pacific coast from 1792 to 1794.

Mount St. Helens was recognized as
a volcano at least as early as 1835; the
first geologist apparently viewed the
volcano 6 years later. James Dwight
Dana of Yale University, while sailing
with the Charles Wilkes U.S. Exploring
Expedition, saw the peak (then quies-
cent) from off the mouth of the Colum-
bia River in 1841. Another member of
the expedition later described “cellular
basaltic lavas” at the mountain’s base.

Although Mount St. Helens is in
Skamania County, the best access
routes to the mountain run through
Cowlitz County on the west. State
Route 504 (fig. 6), which formerly
ended at Timberline Viewpoint (fig. 7)
.2.6 miles from the summit, connects
with the heavily traveled Interstate
Highway 5 about 34 miles to the west.
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FIGURE 6.—Sketch map showing selected streams, population centers, and other features in
relation to Mount St. Helens.

That major north-south highway skirts
the low-lying cities of Castle Rock,
Longview, and Kelso along the Cowlitz
River (fig. 6) and passes through the
Vancouver, Wash.-Portland, Oreg.,
metropolitan area less than 50 miles to
the southwest. The community nearest
the volcano is Cougar, which is in the

Lewis River valley about 11 miles
south-southwest of the peak. Gifford
Pinchot National Forest surrounds
Mount St. Helens, but some land on
the mountain and much of the area
adjacent to the national forest are
Washington State lands or are private-
ly owned.
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Streams that head on the volcano
enter three main river systems—the
Toutle River on the north and north-
west, the Kalama River on the west,
and the Lewis River on the south and
east (fig. 6). The streams are fed by
abundant rain and snow that dump an
average of about 140 inches of water
on Mount St. Helens a year, according
to National Weather Service data. The
Lewis River is impounded by three
dams for hydropower generation. The
southern and eastern sides of the
volcano drain into an upstream im-
poundment, the Swift Reservoir,
which is directly south of the volcano.
The streams that drain the mountain
also are somewhat regulated naturally
by the mountain’s perennial snowfields
and glaciers (blue-contoured white

areas on fig. 7; see names on fig. 5).
Water is stored as snow and ice during
the cool, wet periods and is released as
melt water during warmer, drier pe-
riods.

Water-related recreation has been
one of the major activities in the area.
All three reservoirs on the Lewis River
(fig. 6) have been used extensively for
recreation, as was Spirit Lake (fig. 7)
before 1980. Before the eruption, Spirit
Lake was impounded in the North Fork
Toutle River valley by a natural dam
formed chiefly of deposits from one or
more ancient mudflows (table 2). The
principle resource of the region is
timber, and many areas near the vol-
cano had been logged recently and
were still being logged at the beginning
of the 1980 eruptive activity.

Mount St. Helens, like most other
Cascade volcanoes, is a great cone of
rubble consisting of lava rock in-
terlayered with pyroclastic and other
deposits. Volcanic cones of this inter-
nal structure are called composite
cones or stratovolcanoes. Mount St.
Helens includes layers of basalt and
andesite through which several domes
of dacite lava have erupted. The largest
of the dacite domes formed the
previous summit; another formed Goat
Rocks on the northern flank. Figure 8 is
a diagrammatic section through
preeruption Mount St. Helens showing
the inferred relationship of the former
summit dome to the lava layers and the
interbedded rubble. Information about
previous eruptions is given in table 2.

TABLE 2. —Summary of volcanic events and deposits formed at Mount St. Helens during the period of about 3,000 years before the 1980 erup-
tions (after Crandell and Mullineaux, 1978; Hopson and Melson, 1980)

[Eruption dates in the 1800s generally agree with eyewitness accounts summarized by Harris (1980). All dates A.D. unless indicated otherwise]

Date

Event or type of deposit

1857

About 1847 to 1854

1842 to 1844(?)

1831 and 1835

About 1800 to 1802

Between 1600 and 1700

About 1500 to 1600

800 (%200 years)

300 (%200 years)

50 (£ 100 years)

Between about 700 and 100(?) B.C. _______

Between 1200 and 700 B.C. _____________

Last-reported eruptions before 1980; no resultant deposit has been recognized

Steam and ash; no recognizable deposits

Dacite pumice (extending northeast of volcano); followed by dome of dacite
(Goat Rocks), glowing avalanches, hot and cool mudflows, and andesite lava
flows (north-northwestern and south-southwestern flanks).

Steam and ash; no recognizable deposits
Dacite pumice

Voluminous flows of andesite lava from flank vents on all four sides of the
mountain; pyroclastic flows on northern and southwestern sides; mudflows

from summit area.

Thick, extensive dacite pumice; at least three pyroclastic flows down Kalama
River valley; andesite lava flows; hot and cool mudflows, some reaching Spirit
Lake; growth of Summit Dome (dacite), followed by glowing avalanches on
southeastern, southern, southwestern, and west-northwestern flanks.

Strong flank explosion, laterally directed on the northeast, followed by the

growth of a dacite dome (Sugar Bowl).

Pyroclastic flows; extrusion of dacite dome (East Dome); lava flows
Voluminous basalt lava flows on southern and southwestern sides
Pyroclastic flows; lava flows; mudflows extending from southeastern and south-

ern sides of mountain.

Sequence of extensive pyroclastic flows and mudflows, some reaching Spirit Lake
and into North Fork Toutle River valley; several mudflows reached the present

site of Castle Rock; dacite dome formed.

Mount St. Helens Before 1980 13
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FIGURE 8.—Mount St. Helens is a composite volcano, or stratovolcano, built of alternating
layers of lava rock and pyroclastic debris. This cross section of the pre-1980 volcano
shows the generalized relationships between the layers of the volcano’s cone, the lava
dome (emplaced about 1600 A.D.) that formed the summit, and the north-flank dome
called Goat Rocks, which formed during the 1840’s (table 2). For simplicity, the magma
chamber as shown here is much shallower, in relation to the mountain’s height, than it

actually is thought to be.

PERCEPTION AND WARNING
OF THE HAZARDS

The death toll from the May 18 erup-
tion undoubtedly was greatly lessened
by the timely dissemination of reliable
scientific information about the vol-
cano and the hazards that it presented
and by public and private use of that
information in response to those
hazards. The volcanic hazard informa-
tion was derived from geologic studies
of Mount St. Helens and other Cascade
volcanoes and from monitoring the
volcano visually and by various
geophysical methods. This information
was widely spread in written reports
and news releases, briefings of public
officials and news reporters, replies to
thousands of individual telephone in-
quiries, and the formal announcement
of a “Hazards Watch” and subsequent
updates by the USGS. Responsible of-
ficials reacted to that information by

taking steps that significantly reduced
public exposure to the risks. These
steps included restricting and eventual-
ly prohibiting access to lands identified
as being within zones of relatively high
risk and lowering the water level in
Swift Reservoir (fig. 6).

Although historical accounts of
eruptions during the 1800’s (table 2)
suggested the possibility of renewed
volcanic activity at Mount St. Helens,
the foundation of scientific informa-
tion that allowed realistic evaluation of
the hazards was laid over several dec-
ades. Because the volcano has long
been a favorite of climbers and natural-
ists, the two areas of fumaroles and
warm ground known before 1980 had
been documented as early as 1939 in a
report on the flora of the mountain
(Lawrence, 1939). The first systematic

14 The First 100 Days of Mount St. Helens

geologic investigation of Mount St.
Helens, begun in the 1930's, was a
reconnaissance-type study by Ver-
hoogan (1937). The report was con-
cerned mainly with the character of the
rocks that make up the volcanic cone
and underlie adjacent areas. Two of
Verhoogen's statements were especially
pertinent to the recent activity of the
volcano. According to Verhoogen
(1937, p. 268), “The activity of the
volcano seems to have continued with-
out interruption until very recent
times. Many [lava] flows cannot be
more than a few hundred years old, as
evidenced by the vegetation.” Further
on, he said, “The writer has been told
that, until a few years ago, climbers on
Mount St. Helens could witness solfa-
taric action [emission of sulfurous
gases] and hot springs. Today [1937]
the mountain is completely dormant.”

Later geologic studies verified the
relative youthfulness of volcanic de-
posits from Mount St. Helens, and
geologists most familiar with the Cas-
cade volcanoes gradually became
aware of the unusual potential hazards
posed by the volcano. The geologic
record of past eruptions was sufficient-
ly well documented by 1975 to enable
USGS geologists Dwight Crandell and
Donal Mullineaux and geochemist
Meyer Rubin to warn, in an article in
Science magazine, that “. . . an erup-
tion [of Mount St. Helens] is likely
within the next hundred years, possi-
bly before the end of this century”
(Crandell and others, 1975, p. 441).

That judgment was verified in a
more comprehensive assessment of the
volcanic hazards of Mount St. Helens
produced by the USGS in 1978 as part
of a broad program for the systematic
evaluation of volcanic hazards (see sec-
tion on “Geologic Hazard Responsibil-
ities”). The results of that assessment
were published as USGS Bulletin
1383-C, Potential Hazards from Fu-
ture Eruptions of Mount St. Helens
Volcano, Washington (Crandell and
Mullineaux, 1978). The report sum-
marized the mountain’s volcanic
history since the year 2500 B.C. and



showed the extent of the deposits
resulting from those events. On the
basis of that reconstructed history, as
well as prevailing land uses and
developments near the volcano, Cran-
dell and Mullineaux described the an-
ticipated effects of future eruptions and
included maps showing the hazard
zones for various kinds of future erup-
tion results (ashfalls, lava flows,
pyroclastic flows, mudflows, and
floods). The Crandell-Mullineaux re-
port proved to be remarkably prophet-
ic, differing from the actual eruptive ef-
fects of May 18, 1980, mainly in not
anticipating such an extensive and dev-
astating lateral blast. Among the ac-
curate forecasts made by Crandell and
Mullineaux (1978, p. C1) was “. . . we
believe [Mount St. Helens] to be an
especially dangerous volcano because
of its past behavior and relatively high
frequency of eruptions during the last
4,500 years.” Another (Crandell and
Mullineaux, 1978, p. C25) was “If [a
typical eruptive] sequence is followed
during future eruptions, the greatest
potential danger will exist at or soon
after the onset of volcanic activity.”

Information about the flow and
water quality of streams draining the
volcano and other streams likely to be
affected by eruptions was available
from data collected over several dec-
ades by the USGS in cooperation with
other agencies and utilities. The stream
data were collected primarily for
water-resource assessment by the
USGS and for water management by
other cooperating agencies; the data
also, however, provided important
background information about
preeruption stream conditions, in-
cluding the flood-carrying capacity of
the stream channels.

Under the special responsibilities
given to the USGS in the Disaster
Relief Act of 1974 to warn of geologic
hazards (p.121 ), the Crandell and
Mullineaux (1978) report and a letter
discussing its hazard implications were
disseminated as a “Notice of Potential
Hazard” in December 1978. The report
and letter were sent to appropriate

Federal and Washington State officials
and selected county and local agencies
in southwestern Washington. Also,
USGS scientists explained the hazard
implications of the report during a
meeting with key Federal and State of-
ficials in Olympia, Wash., on January
8, 1979.

While the assessment of volcanic
hazards was being prepared, the vol-
cano was already being monitored to
detect early signs of an impending
eruption. No one knew what kinds of
monitoring techniques would provide
the most reliable warning, however,
because knowledge about the behavior
of Cascade volcanoes in general was
limited and because Mount St. Helens
had not been active recently. Universi-
ty and USGS studies in the 1970’s had
monitored Mount St. Helens intermit-
tently by means of three instrumental
methods: (1) seismometers that could
detect earthquakes caused by the
movement of molten rock into a vol-
cano, (2) precise ground-surface
measurements that could detect swell-
ing of the volcano, and (3) aerial in-
frared surveys and surface-temperature
measurements of two “hot spots” high
on the mountain to detect any changes
in heat emission from the volcano (fig.
3). The volcano also was one of many
glacier-clad mountains that were pho-
tographed routinely from the air to
detect changes in snow and ice as part
of a USGS glaciology research project.
At the beginning of March 1980, the
only instrument directly monitoring
Mount St. Helens was a seismometer
on the western flank of the volcano,
from which a record of seismic shaking
was automatically transmitted by
radio (telemetered) to seismic recorders
at the University of Washington in
Seattle. That seismometer was one of
about 100 seismic instruments de-
ployed in a network throughout
western and central Washington by the
university’s Geophysics Program in
cooperation with the USGS.

That seismometer was one of the
first instruments to warn, by register-
ing earthquakes on March 20 and

thereafter, of impending eruptive ac-
tivity. When increasing seismic activity
suggested the possibility of an impend-
ing eruption, University of Washing-
ton and USGS scientists at Seattle
notified other USGS volcano experts
throughout the country and the USGS
Hazards Information Coordinator in
Reston, Va. Aerial observations were
begun as soon as possible. Within a
few days, additional geophysical in-
struments were brought into use, in-
cluding more seismometers, precision
tiltmeters to measure slight changes in
the slope of 