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On the basis of frequency of past activity,
recency of eruptions, and present state,
Mount St. Helens is clearly the most likely
Cascade volcano to erupt in the future, but
several other volcanic centres are probably
in a stage of relatively heightened potential
for future eruptions. Glacier Peak, Mount
Rainier, and Mount Shasta have been fre-
quently active since 15 ka and have been
active during the past few centuries. Medi-
cine Lake volcano has not been active as
recently as these three centres, but it ranks
with them in terms of frequency of eruptive
periods since 15 ka. Mount Hood and Lassen
Peak, although less active than the above
since 15 ka, have had very recent eruptions.

In light of the episodic pattern of eruptive
stages thousands of years long with inter-
vening apparently dormant intervals of simi-
lar duration, what is the outlook for centres
that have been in repose for thousands, orin
some cases tens of thousands, of years?
Shouid eruptions at such centres as Mount
Cayley, Mount Garibaldi-Garibaldi Lake,
Mount Adams, Mount Jefferson, and Mount
Mazama be considered overdue?

Considering the past frequency of erup-
tion of basaftic volcanoes, as well as the
large number of basaltic vents in some cen-
tres such as Newberry and Medicine Lake,
the next eruption in the arc could well form a
scoria cone and lava flow distant from any of
the conspicuous, high, composite volcances
of the arc,

Apparent synchroneity of eruptive activity
along the arc on time scales of thousands of
years raises the guestion of its cause. One or
more of several possibilities might explain
the observed pattern. (1) The apparent tem-
poral clustering is essentially coincidental.
As synchroneity of eruptive activity through-
out the arc seems contradictory in light of
major along-arc changes In convergence
rate, state of stress, crustal structure, geo-
metry of the subducting slab, and vent dis-
tribution, this option may have considerable
merit. (2} About one-third of the recognized
eruptive periods remain undated and others
may not yet have been recognized, which
leaves open the possibility that some might
date from times that presently define hia-
tuses in activity. This option is attractive in
that the apparent hiatuses cover only about
25% of the past 15,000 years. (3) Generation
and rise of primary magma in the arc and
eruption of primary and derivative magma
are modulated by processes that result in
arc-wide episodes of increased eruptive
activity. Such processes include tectonic
stresses within the mantle wedge and crust,
and dynamics of fluid flow involved in gener-
ating, accumulating, and transporting mag-
ma. Whether or not such causes are plau-
sible, confirmation of arc-wide episodicity in
the Cascade eruptive record since 15 ka
must await more accurate dating of many of
the undated eruptive periods.

Acknowledgements
R.P. Hoblitt and C.D. Miller contributed great-
ly to compilation of eruptive-history data for
the Cascade Range.

References

Clague, J.J., 1981, Late Quaternary geology and
geochronology of British Columbia, part 2:
Summary and discussion of radiocarbon-dated
Quaternary history: Geological Survey of Can-
ada, Paper 80-35, 41 p.

Crandell, D.R., 1987, Deposits of pre-1980 pyroclas-
tic flows and lahars from Mount St Helens
volcano, Washington: United States Geological
Survey, Professionsl Paper 1444, 91 p.

Duncan, R.A. and Kulm, L.D., 1989, Plate tectonic
evolution of the Cascades arc-subduction com-
plex, in Wintarer, E.L., Hussong, D.M. and
Decker, R.W., eds., The eastern Pacific Ocean
and Hawaii. Geological Society of America,
The Geology of North America, v. N, p. 413-
438.

Evans, 5.G., 1990, Massive debris avalanches from
volcanoas in the Garibaldi volcanic belt, British
Columbia: Gealcgical Associatlon of Canada—
Mineralogical Assoclation of Canada Annual
Meeting, Program with Abstracts, v. 15, p. A38.

Green, N.L., Armstrong, R.L., Harakal, J.E., South-
ar, J.G. and Read, PB., 1988, Eruptive and K-Ar
geochronology of the late Cenozole Garibaldi
volcanic belt, southwastern British Columbia:
Geological Society of America, Bulletin, v. 100,
p. 563-579,

Guffanti, M. and Weaver, C.S., 1988, Distribution of
late Cenozoic volcanic vents in the Cascade
Range: Volcanic arc segmentation and regional
tectonic considerations: Journal of Geophysi-
cal Research, v. 93, no. B6, p. 6513-6529.

Hoblitt, R.P, Miller, C.D. and Scott, WE., 1987,
Volcanic hazards with regard to siting nuclear-
power plants in the Pacific Northwest: United
States Geological Survey, Open-file Report
87297 196 p.

Stuiver, M. and Kra, R., 1986, eds.. Calibration
issue: Radiccarbon, v. 28, no. 2B, p. 805-1030.

Verplanck, E P and Duncan, R.A., 1987 Temporal
variations in plate convergence and eruption
rates in the Western Cascades, Oregon: Tec-
tonics, v. 6, p. 197-209.

183

Volcanic Hazards in the
Pacific Northwest

C. Dan Miller

David A. Johnston Cascades Volcano
Observatory

United States Geological Survey
5400 MacArthur Boulevard
Vancouver, Washington 98661

Summary

The Cascade Range stretches from south-
western British Columbia to northern Califor-
nia; the Range consists of major composite
volcanic centres, most of which have besn
active during late Pleistocene and Holocene
time. In addition, thousands of smaller basal-
tic or basaltic-andesite volcances have been
active during the past few miflion years. Flow-
age and tephra hazards associated with fu-
ture eruptions of composite volcanoes in the
Range will endanger communities located
within about 50 km of erupting volcanoes.
Significant effects will extend to still greater
distances downwind from the volcanoes and
along stream valleys that head at the volca-
noes. Volcanic-hazard assessments and
hazard-zonation maps developed for volca-
noes in the Range can be used by autherities
for long-range land-use planning and provide
information to help mitigate the effects of
future eruptions.

Introductlon

The Cascade Range is an active continental-
margin volcanic arc consisting of more than
20 major volcanic centres that have been
active for tens of thousands to hundreds of
thousands of years. The Range stretches
from the Garibaldi volcanic belt in south-
western British Columbia (Green ef al., 1988)
to Lassen Peak in northern California. Vol-
canic hazards associated with the US part of
the Cascade Range will be discussed in this
report. For purposes of this discussion, two
areas of bimedal volcanism, Newberry vol-
cano and Medicine Lake volcano, are in-
cluded with the major eruptive centres in the
Range. Cascade Range voicanoes in the US
have erupted more than 200 times during the
past 12,000 years — an average rate of near-
ly two eruptions per century; at least five
eruptions have occurred during historical
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time, the past 150 years in the Pacific North-
west {Crandell and Mullinsaux, 1975). The
most recent eruptions in the Range are the
well-documented 1980-1986 eruptions of
Mount St. Helens {Lipman and Mullineaux,
1981; Swanson, 1990), which claimed at least
57 lives and caused more than 970 million
dollars in short-term losses to the State of
Washington (MacCready, 1982).

In addition to the prominent Quaternary
stratocones in the Cascade Range, more
than a thousand basallic or basaltic-an-
desite volcanoes occur either individually or
in fields of volcanoses between Mount Rainier
and Lassen Peak (Hoblitt et al., 1987). These
volcanoes typically are active for only a sin-
gle eruptive peried and are far less explosive
than composite volcanoes. Although future
basaltic or basaltic-andesite eruptions could
occur almost anywhers in the Cascade
Range, they would strongly affect only lim-
ited areas near a vent and present a far less
serious threat to life and property in the
Cascade Range than do frequently active
and highly explosive composite volcances.
Discussions in this report concentrate on
hazards associated with the 13 major erup-
tive centres in the US part of the Rangs.

All population centres with more than
100,000 inhabitants are located west of the
Cascade Range or far to the east and are
thus out of range of most products of volcanic
eruptions (Figure 1). Furthermore, the sites
of most large cities in the Pacific Northwest
have not baen covered by thick tephra, most
of which is carried eastward from the Cas-
cade Range by prevailing winds. Neverthe-
less, Crandell and Mullingaux {1975) pointed
out that eruptions like those of the recent
past could have both direct and indirect
effects on significant numbers of people.
They estimated that eruptions like those of
the past several thousand years at Mount 5t.
Helens and Mount Rainier volcanoes in
Washington State could affect as many as
40,000 or 50,000 persons, respectively.
They emphasized that the number of people
at risk from future eruptions of Cascade
Range volcanoes is certain to increase as
population and recreational activities
around these volcanoes increase,

The primary means of mitigating the
effects of eruptions are prohibiting develop-
ment in areas at risk around volcanoes (long-
range land-use planning) and(cr) evacualing
people and moveable property from threat-
ened areas during times of eruptive activity.
For both of these purposes volcanic-hazard
assessments and accompanying hazard-
zonation maps have been developsd for the
Cascade Rangs (¢.g., Crandel! et al,, 1979;
Hoblitt et af, 1987). Such assessments have
been based upon the geologic record of past
activity at each potentially active volcano,
and the character of processes cbserved at
active volcanoes in the Cascade Range or at
similar voicances elsewhere. This paper dis-
cusses the nature of hazardous volcanic pro-

cesses in the Cascade Range and discusses
recently developed hazard-zonation maps
for the Pacific Northwest (Hoblitt et al., 1987)
for tephra and flowage hazards.

Potentially Hazardous Volcanic Events

Cascade arc volcanoes range from simple
cinder cones that have erupted only once to
complex compaosile cones that have erupted
many times over periods of thousands of
years. The composition of eruptive products
within the arc spans the range from basait to
rhyolite, with andesite and dacite being dom-
inant at many of the major eruption centres.
Eruptions during the past 12,000 years at
these centres have varied in type, intensity,

and volume of products, from non-explosive
eruptions of much less than a cubic kilo-
metre of lava, to cataclysmic events such as
the climactic eruption of Oregon's Mount
Mazama about 6,800 years ago, which pro-
duced about 50 km? of magma and formed
the caldera now occupied by Crater Lake
{Bacon, 1983).

Many kinds of Cascade Range volcanic
events directly or indirectly endanger people
and the works of man. These events can be
classified as either flowage processes or
fallout of tephra.

Flowage Phenomena. Flowage pheno-
mena include all gravitationally directed
mass movements of volcanic material down
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Figure 1 Location of major composite voicanoes (triangles) in and near the Cascade Range (dashed line),
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the flanks of volcanoes; some mass move-
ments extend into lowlands and drainage-
ways far beyond volcanoes. Hazardous flow-
age processes are briefly discussed below
along with their effects on people and
property.

1. Debris avalanche. Debris avalanches
are sudden, rapid movemnents of incoherent
masses of rock and soil mobilized by gravity.
They form when part of a volcanic edifice
fails catastrophically and moves downslope.
Such events can aoccur with little or no warn-
ing, and debris avalanches can travel at high
speeds and dastroy everything in their paths
by impact or burial. Debris avalanches occur

relatively infrequently in the Cascades, but
ara extremely destructive: the May 18 debris
avalanche at Mount St. Helens reached 28
km from the vent and covered about 70 km2.
A debris avalanche at Mount Shasta about
300,000 years ago reached a distance of
more than 64 km and covered more than 675
km2 (Crandeli, 1989).

2. Pyroclastic flow. Pyroclastic flows are
relatively dense mixtures of hot, dry rock
fragments and hot gases that move at high
speeds. They typlcally result from explosive
eruption of molten or solid rock fragments or
from collapse of eruption columns. Pyroclas-
tic flows destroy everything in their paths by
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Flgure 2 Voicanic-hazsrd zones in the Cascade Range. Clrcles, proximal hezard zones with radius of 50
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impact, burial, or fire. More than 325 pyro-
clastic flows are known to have occurred in
the US part of Cascade Range during about
the last 15,000 years, and others are cer-
tainly unrecognized. Pyroclastic flows can
travel several tens of kilometres down val-
leys heading at volcanoes, and pyrociastic
flows from the climactic eruption of Mount
Mazama reached a downvalley distance of
60 km from the vent (Williams, 1942).

3. Pyrociastic surge (includes blasts). Py-
roclastic surges are turbulent, relatively di-
lute clouds of rock debris and gases that
move at high speeds. Surges result from
explosions or collapse of eruptive columns
and can be either significantly above 100°C
and dry, or below 100°C and wet. They may
extend for tens of kilometres from their vents
and destroy hundreds of square kilometres.,
Surges may surmount significant topo-
graphic barriers, and they typically devas-
tate all life and property in their paths by
impact, burial, incineration or asphyxiation.
The devastating high-energy surges that we
refer to as blasts occur infrequently in the
Cascades and only a few are known. Two
have occurred at Mount St. Helens: a small
one that occurred about 1100 years ago; and
the May 18, 1980 pyroclastic surge, which
reached a distance of 28 km from the vent
and destroyed about 600 km2 {Crandell and
Hotblitt, 1986).

4, Lahar (volcanic mudfiow). Lahars are
mixtures of water-saturated rock debris that
move downslope under the force of gravity.
Water for mobilization may be supplied by
groundwater or a hydrothermal system, rain-
fall, eruption into a crater lake, or, as occurs
frequently, by melting when hot debris Is
erupted onto snow or ice. Lahars destroy
everything in their paths by impact, buriat, or
dislodgement. Lahars are restricted to
stream vafleys and depressions, but may
reach hundreds of kilometres at average
speeds of tens of kilometres per hour. Lahars
occur frequently in the Cascades; more than
445 are known to have occurred in the US
part of the Range in postglacial time. Many
more are undoubtedty unrecognized.

5. Lava flow. Lava flows are masses of mol-
ten to partly sclidified volcanic rock that flow
under the force of gravity. Lava flow geome-
try, size, and speed are controlled by lava
effusion rate, lava fluidity, volume erupted,
slope, and topographic obstructions. Lava
flows may reach tens of kilometres from their
sources and cause extensive damage by
burning, crushing, or burying objects in their
paths. Lava flows seldom threaten life be-
cause they move slowly enough to be avoid-
ed by people and animals. Lava flows have
accurred frequently in the Cascades. During
postglacial time, more than 425 lava flows
are known to have occurred in the US part of
the Range, counting lava flows erupted at or
near major centres and those erupted at
vents in basaltic fields. Most reach no more
than about 15 km from their vents, but ex-
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tremely fluid flows may reach 50 km from
their vents (Hoblitt et al., 1987).

Tephra fall. Tephra (Greek for "ash”} con-
sists of fragments of lava or rock blasted into
the air by explosions or carried upward by
convection. Tephra particles fall to the
ground to form a thin blanketing deposit that
decreases in thickness and particle size
downwind from the vent. Thin tephra depos-
its commonly reach hundreds of kilometres
from their vents and cover thousands of
square kilometres. The main hazards posed
by these deposits resuit from burial, impact
of large fragments, and, close to a volcano,
high temperatures. Damage may occur to
machinery, electrical equipment, and the
respiratory systems of people and animals.
The distribution of tephrais chiefly a function
of eruption intensity, volume erupted, and
wind speeds and directions. Prevailing west-
erly winds in the Cascade Range carry most
tephra to the east or northeast.

Volcanic-Hazard Assessments
Volcanic-hazard assessments for the Cas-
cade Range {Crandell and Mullineaux, 1975;
Crandel et al, 1979; Hoblitt et al, 1987,
Miller, 1988) provide forecasts of the kinds of
eruptions expectable in the future, the spe-
cific types of volcanic events that will endan-
ger people and property, and the areas most
likely to be affected by eruptive events.
Volcanic-hazard assessmenis were de-
veloped initially to be used by authorities and
public officials in the Pacific Northwest for
long-range planning; they have been based
on the assumption that future volcanism will
be similar in type, scale, and frequency to
past activity at each volcanic centre.

Hazard assessments for the Cascade
Range have been based on studies of both
historical eruptions and the prehistoric geo-
logic record for each volcano. Studies of the
stratigraphy of rocks and unconsolidated de-
posits of the past 10,000 years and evalua-
tion of the eruptive processes that formed
the deposits reveal the character and se-
quence of past events.

A critical component of most volcanic-
hazard assessments is a volcanic-hazard-
zonation map. Such a map designates areas
of relative risk around a volcano and has two
primary purposes: one is to help authorities
plan land use around volcanoes, and the
other is to help authorities determine which
areas near volcanoes should be evacuated
or avoided during future eruptions (Crandell
et al., 1984).

In a recent report on potential volcanic
hazards to be considered for siting nuclear
powerplants in the Pacific Northwest, Hoblitt
et al. (1967) noted that the most damaging
volcanic events are largely restricted to with-
in about 50 km of their sources. Therefore,
they recommended creation of proximal-
hazard zones with radii of 50 km centred at
each of the major volcanic centres in the
Cascade Range (Figure 2).

Two groups of volcanic processes com-
monly affect areas at distances greater than
50 km from a vent: lahars and floods, and
tephra falls, Hoblitt et af. (1987) documented
that lahars from at least five Cascade volca-
noes have inundated valley bottoms at dis-
tances more than 50 km from their sources.
They established distal hazard zones for la-
hars and floods that extend beyond 50 km
down major drainages from volcanoes with
significant mantles of snow and ice (Figure
2). Distal flowage-hazard zones depicted in
Figure 2 include active river channels, adja-
cent flood plains, and most low river terraces.

Hoblitt et al. (1987) also developed a meth-
od of computing annual probabilities of tephra
fal; the method considers the conditional pro-
babilities of the frequency of explosive erup-
tions, tephra thickness at various distances
downwind from a vent, and wind directions.
For example, the annual probability of 10 cm or
more of tephra accumulating in the north-
western United States ranges from 10-2 near
and immediately downwind from Mount St.
Helens, to 10-6 at distances of about 400-500
km east of the Range (Figure 3).
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Discussion

The long geologic record of explosive erup-
tions at volcanoes in the Cascade Range
combined with the consequences of the
1980 eruptions of Mount St. Helens docu-
ments the serious nature of potential volcan-
ic hazards in the Pacific Northwest. Future
eruptive events will most seriously affect
many areas within about 50 km of the main
eruptive centres in the Range; valleys lead-
ing away from many volcances will be af-
fected to even greater distances by flowage
events. Tephra hazards threaten large areas
mostly near and to the east of explosive
volcanoes. The importance and usefulness
of voicanic-hazard assessments for mitigat.
ing the effec!s of eruptions were demon-
strated during the 1980 eruptions of Mount
St. Helens, when loss of life was minimized
by the use of a long-range assessment in
conjunction with volcano-monitoring tech-
niques.
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In the ten years which have followed the eruption of Mount
St. Helens in 1980, the study of volcanology has received
much new impetus and many new advances have been made.
This group of articles summarizes ten years of post-eruption
studies of Mount St. Helens and the implications these
studies have with respect to volcanic hazards in the north-
western United States and western Canada.
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