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INTRODUCTION

Mount St. Helens remains a potentially active

and dangerous volcano, even though it is now

(1995) quiescent. In the last 515 years, it is known

to have produced 4major explosive eruptions (each

with at least 1 km3 of eruption deposits, fig. 1) and

dozens of lesser eruptions. Two of the major

eruptions were separated by only 2 years. One of

those, in 1480 A.D., was about 5 times larger than

the May 18, 1980 eruption, and even larger

eruptions are known to have occurred during

Mount St. Helens’ brief but very active 50,000-yr

lifetime. Following the most recent major

eruption, on May 18, 1980, there were 5 smaller

explosive eruptions over a period of 5 months.

Thereafter, a series of 16 dome-building eruptions

Through October 1986 constructed the new, 270-m-

(880-ft-) high, lava dome in the crater formed by

the May 18, 1980 eruption.

Volcanoes commonly repeat their past

behavior. Thus, it is likely that the types,

frequencies, and magnitudes of past activity will be

repeated in the future. Among the possibilities for

renewed eruptive activity at Mount St. Helens are

resumption of dome growth, eruption of basaltic or

andesitic tephra and lava flows, or explosive

eruptions of dacitic tephra and pyroclastic flows in

volumes that could be as large as or even larger than

the volume erupted in 1980. Lahars (sediment-rich

floods in volcanic terrain) generated by snowmelt

are likely to accompany any eruptive activity.

Lahars may also be generated without an eruption

by intense storm runoff over erodible sediment,

landslides, or by failure of the Castle Lake

impoundment as a consequence of an earthquake

or heavy rains. Neither a large debris avalanche

nor a major lateral blast like those of May 18, 1980

is likely now that a deep, open crater has formed.

Sufficient time has elapsed since the last

dome-building eruption in October 1986 for magma

in the conduit beneath the dome to crystallize and

form a plug. The pressure needed to overcome this

blockage may exceed that of any eruption since May 18, 1980; therefore, the next eruption may be

initially explosive owing simply to blockage of the

conduit. Several scenarios for renewed eruptive

activity notwithstanding, a conservative approach to

hazards assessment requires us to assume, until there

is specific evidence to the contrary, that the next

eruption will be explosive and as large as or larger

than the eruption of May 18, 1980.


Future eruptions are certain. Although we do

not know when the next one will occur, it should

be planned for. This report delineates areas that are

likely to be at risk (hazard zones) during another

major eruption. It updates previous assessments,

taking into account both recent experience at

erupting volcanoes and topographic, hydrologic,

and geologic changes initiated at Mount St. Helens

by the 1980 eruptions. These changes include (1)

beheading of the summit, forming a truncated cone

with a deep crater open to the north, (2) a large and

growing volume of snow and ice in the crater, (3)

the existence of a large, potentially unstable,

debris-dammed lake (Castle Lake) in a tributary to

the North Fork Toutle River, and (4) large volumes

of erodible sediment in most of the river valleys

draining the volcano.

HAZARDOUS GEOLOGIC PROCESSES

This section describes the major hazardous

geologic processes that are likely to occur in the

future at Mount St. Helens. Any or all may occur

as consequences of future eruptions. However, one

potentially lethal process (lahars) can also be

triggered by noneruptive mechanisms and thus may

occur with little warning. We do not address other

noneruptive processes such as rockfalls,

avalanches, and small debris flows that commonly

produce local hazards in areas of steep terrain, both

volcanic and nonvolcanic.

Tephra Fall

During explosive eruptions, a mixture of hot

volcanic gas and tephra, which includes volcanic ash(sand-sized or finer particles of volcanic rock) and larger fragments, is ejected rapidly into the air from volcanic vents . This plume of rock fragments and expanding gas not only jets upward but is commonly less dense than the air and thus rises into the atmosphere until no longer buoyant. (The May 18, 1980 tephra plume rose about 25 km [15 mi] in less than 30 min). As the energy required to keep them in suspension diminishes, the particles begin to fall out of the plume under the influence of gravity.

Large fragments fall back to earth close to the vent.

Finer (ash-size) particles drift downwind as a large

cloud, eventually falling to the ground to form a

blanket-like ash deposit that is generally thinner

and finer-grained with increasing distance away

from the vent. Large eruptions can produce tephra

thicknesses of many meters (yards) near the vent,

with tephra fragments ranging up to tens of

centimeters (10–20 inches) in diameter, whereas

tephra deposits several hundred kilometers (several

hundred miles) downwind typically consist of a

trace to a few centimeters (few inches) of fine

powder.

The major hazards of tephra fall are derived

from (1) impact of falling fragments, (2)

suspension of abrasive fine particles in the air and

water, and (3) burial of structures, transportation

routes, and vegetation. As learned in the 1980

eruptions of Mount St. Helens, tephra fall can cause

severe social disruption over a vast area.

Fragments larger than a few centimeters (1–2

in), that have sufficient mass to cause severe injury

or damage through impact, generally fall within

about 10 km (6 mi) of the vent. Thus, damaging or

lethal impact from falling tephra is likely only in

the immediate vicinity of Mount St. Helens.

Ash suspended in the air from a large eruption

can be a major source of aggravation and hazard

even hundreds of kilometers (a few hundred miles)

downwind from its source, both during its initial

accumulation and later as fine dry ash is

remobilized by wind or passing vehicles.

Airborne ash (a) causes eye and respiratory

irritation for some people and can cause severe

air-quality problems at critical facilities such as

hospitals; (b) can cause severe visibility reduction,

even complete darkness during daylight hours,

which can make driving particularly hazardous; (c)

can damage unprotected machinery, especially

internal-combustion engines; (d) can cause short

circuits in electric-power transmission lines; and

(e) can endanger aircraft flying through ash clouds,

especially jet aircraft, which can completely lose

engine power. Suspension of ash in water can lead

to damage at hydroelectric facilities, irrigation

pumping stations, sewage-treatment facilities, and

stormwater systems.

Burial by tephra can collapse roofs of buildings

and other structures, break power and telephone

lines, and damage or kill vegetation. Wet tephra is

2 to 3 times heavier than dry uncompacted tephra

and adheres better to sloping surfaces. Ten

centimeters (4 inches) of wet tephra impose a load in

the range of 100 to 125 kg/m2 (approximately 20 to

25 lb/ft2), sufficient to cause some roofs to collapse.

Pyroclastic Flows

Pyroclastic flows are avalanches of hot (300 –

800°C [570 – 1470°F]), dry, volcanic rock fragments and gases that descend a volcano’s flanks at speeds ranging from 10 to more than 100 meters per second (20 to more than 200 miles per hour). Owing to their mass, high temperature, high speed, and great mobility, pyroclastic flows are destructive and pose lethal hazard from incineration, asphyxiation, burial, and impact. Because of their high speed, pyroclastic flows are difficult or impossible to escape. Evacuation must take place before such events occur.

Just as mixtures of hot volcanic gas and tephra

rise into the atmosphere when the mixture is less

dense than the surrounding air, mixtures of hot

volcanic rock fragments and gas that are more dense

than the surrounding atmosphere flow down the

volcano flanks as pyroclastic flows. Such flows can

originate from high vertical eruption columns, from

low fountains of erupting pyroclastic material that

appear to “boil over" from the vent, and from

gravitational or explosive disruption of hot lava

domes. The first two mechanisms operated during

the explosive eruptions of 1980 at Mount St. Helens

and are likely again should eruptive activity be

resumed. The third mechanism, disruption of a hot

lava dome, has operated at numerous times in the

past at Mount St. Helens but would be significant

there only if new dome growth should become

established.

Driven by gravity, pyroclastic flows seek

topographically low areas and, beyond the steep

flanks of the volcano, tend to be channeled into

valleys. Pyroclastic flows from the May 18, 1980

eruption ran out only about 8 km (5 mi) from the

vent. As they impinged on Johnston Ridge, they

were deflected westward downvalley and eastward

to Spirit Lake. During the past 4,000 years, during

which time the volcano’s modern edifice formed,

numerous pyroclastic flows are known to have

traveled at least as far as 10–15 km (6–9 mi), and at
least one older flow is known to have traveled as

much as 20 km (12 mi). Although the present

crater geometry favors distribution of pyroclastic

flows into the North Fork Toutle River valley, all

flanks of the volcano are subject to

pyroclastic-flow hazard during a large eruption.

Pyroclastic Surges

Pyroclastic surges are turbulent, relatively

low-density (but still denser than air), mixtures of

gas and rock that flow above the ground surface at

high velocities similar to those of pyroclastic flows.

Hot pyroclastic surges are generated similarly to

pyroclastic flows as well as by lateral blasts and as

mobile, turbulent ash clouds winnowed from

pyroclastic flows. Hazards resulting from

pyroclastic surges include incineration, destruction

by high-velocity ash-laden winds, impact by rock

fragments, burial by surge deposits, exposure to

noxious gases, and asphyxiation. Like pyroclastic

flows, pyroclastic surges are too fast-moving to

escape; evacuation must take place before they

occur.

Because they are less dense, pyroclastic surges

are less constrained by topography than are

pyroclastic flows. Surges may climb or surmount

valley walls, affecting areas well beyond the limits

of pyroclastic flows. For example, pyroclastic

surges surmounted Johnston Ridge and entered the

drainage of South Coldwater Creek on May 18,

1980, even though the related pyroclastic flows

were deflected by the steep north-facing

escarpment of the ridge.

The presence of water-saturated sediment

beneath the crater floor raises the potential for

steam-driven explosions that could be generated by

intrusion of magma into the water-bearing

material. Such explosions may produce relatively

low-temperature pyroclastic surges that could flow

at high speeds through the crater breach and down

the volcano’s north flank toward Spirit Lake and

Johnston Ridge. Steam-driven explosions are

likely during early stages of the next eruption.

Explosive Ejection of Ballistic Projectiles

Volcanic explosions can impel rock fragments

on ballistic trajectories that may be counter or

oblique to the wind direction. Such events may

occur either during or independently from an

ongoing magmatic eruption and are likely to occur

without warning. A blast related to emplacement of

the Sugar bowl dome on the north flank of Mount St.Helens about 1,200 years ago propelled ballistic

fragments as large as 5 cm (2 in) as far as 10 km (6

mi) from the vent. More recently, a series of

relatively small steam-driven explosions in 1989–91

threw hundreds of blocks, some as large as a meter

(yard), for distances of as much as 1 km(0.6 mi) from

the dome within the Mount St. Helens crater.

Similar explosions could occur without warning in

the future but become progressively less likely with

continued cooling of the dome’s hot interior and the

subsurface conduit that supplied the magma for

dome growth.

Lateral Blasts

A lateral blast is a volcanic explosion that has a

significant low-angle component and is principally

directed toward a sector of no more than 180°.

Lateral blasts may generate complex pyroclastic

flows and surges and launch ballistic projectiles.

Previous lateral blasts are known in two contexts at

Mount St. Helens: (1) blasts generated by abrupt

landslide-induced decompression of a shallow

magma body and the hydrothermal system

surrounding it within a volcano; (2) explosions

originating from sudden release of gases at growing

lava domes.

A massive landslide abruptly removed the

volcano’s summit on May 18, 1980, and the resulting decompression of shallow magma and the

hydrothermal system that enveloped it initiated the

well-known, highly destructive lateral blast. The

current shape of the volcano—with its large crater

and much lower summit makes a similar landslide

and massive laterally directed blast unlikely when

eruptive activity next resumes.

However, smaller lateral blasts could ensue if

dome growth recurs. Explosions related to

emplacement of the Sugarbowl dome about 1,200

years ago generated pyroclastic flows that extended

several kilometers (miles) and impelled rock

fragments at least 10 km (6 mi) from the vent.

Destructive effects of a lateral blast that might occur

from a new dome growing within the crater would
be directed northward. Addition of a 50 percent

safety factor to the 10-km (6-mi) range identified

for ballistic fragments from the Sugar bowl blasts

suggests that hazard from rock projectiles might

extend 15 km (9 mi) northward from the crater in

laterally directed explosions from a growing dome.

A comparable laterally directed explosion could

result from abrupt failure of the plug blocking the

1980–86 conduit under elevated pressure related to

renewed magmatic activity.

Lava Flows

Numerous elongate lava flows have issued

from Mount St. Helens. Most have affected only

areas within 10 km (6 mi) of the summit, but two

basalt flows that issued about 1,700 years ago

extended 16–17 km (c. 10 mi) from the volcano’s

summit; one of them, which flowed south to the

Lewis River valley east of Cougar, contains the

Ape Cave lava tube. Andesite lava flows, which

were erupted repeatedly during the 16th century

and once again at the beginning of the 19th century,

were less fluid than the basalt and extended only as

far as 6 km (4 mi) from the volcano’s summit.

Lava flows are controlled by the topography;

they flow downhill, becoming channeled into river

valleys if they extend far enough. Thus, a lava flow

affects only terrain that is downslope from its vent,

which could be either in the crater or anywhere on

the volcano’s flanks. A lava flow froma vent in the

present crater would be directed down the north

flank of Mount St. Helens and possibly into the

upper part of the North Fork Toutle River valley.

Lava flows are destructive but generally not

life-threatening because they normally advance so

slowly that people can walk or run away from them.

Extremely viscous dacitic lava does not flow

easily; it tends to form steep-sided lava domes over

vents or very thick, stubby lava flows extending

away from vents. On steep slopes like those of a

volcano’s upper flanks, the steep margins of such

domes or stubby lava flows may collapse,

spawning avalanches of hot volcanic debris that

generate pyroclastic flows and surges. Such events

have occurred repeatedly in the past at Mount St.

Helens and would be expected again if a dome

grows on the upper flanks or fills the crater.

Lahars

Lahars are rapidly flowing mixtures ofwater and

rock debris (at sediment concentrations higher than

for normal floods or stream flow) that originate from volcanoes. They can range from dense, viscous slurries resembling wet concrete and termed “debris flows" or “mudflows" (containing about two thirds sediment and one third water by volume) to turbulent muddy floods that carry relatively little sediment.

Lahars can begin as sudden releases of large volumes of water or as large landslides of saturated soil and rock debris. Potential sources of large volumes of water include runoff from extremely heavy rainfall, rapid melting of snow and ice, and outbreaks of water from lakes. All of these mechanisms have produced lahars at Mount St. Helens in the past.

Lahars are gravity-controlled flows that are

channeled into valleys as they move downhill, and

they can flow about twice as fast as water in channels of similar depth and slope. Lahars triggered at Mount St. Helens in 1980 were 3 to 15 m (10 to 50 ft) deep and traveled at speeds of 20 to 40 m/s (45 to 90 mph) on the volcano’s steep flanks; in valleys more than about 10 km (6 miles) from the volcano, they flowed typically at 10 to 20m/s (22 to 45mph).

In addition, lahars can get bigger as they move

downstream by incorporating additional sediment

and water en route (called bulking), commonly

increasing in volume by a factor of 3 to 5. As lahars

get farther from a volcano, they slow down and

spread out in the wider, flatter river valleys, often

burying roads, bridges, and buildings with their

deposits. Past lahars at Mount St. Helens have

traveled from 50 to 100 km (30 to 60 miles), often

reaching the Columbia River via the Toutle, Kalama

or Lewis Rivers.

Lahars threaten lives and property, both on the

flanks of volcanoes and far downstream in the

valleys that drain volcanoes. Lahars are a greater

threat to life and property in communities of the

Cowlitz and lower Toutle River drainages than any

other volcanic phenomenon. Damage is done by

impact from large boulders or logs carried in the

flows, by high drag and buoyancy forces imposed by the dense fluid, by abrasion, and by burial. Lahars commonly destroy mature forests and any

human-made structures in their paths, including

bridges, dams, roads, pipelines, and buildings. They 

can also bury extensive areas of agricultural land,

fill stream channels (decreasing a channel’s

capacity to safely carry normal high runoff), and

block shipping lanes in navigable river channels.

In contrast to pyroclastic flows and surges, lahars

have sharply defined upper limits in well-defined

valleys, and in many cases people can quickly

climb or drive to safety by evacuating the valley

floor. Future lahars at Mount St. Helens can be

expected to have travel times approximately as

shown in Table 1.
Basalt—Dark, low-silica (less than 53 percent


SiO2) volcanic rock that is relatively fluid


when molten; eruptions of basalt are generally


nonexplosive and tend to produce relatively


long thin lava flows like those common in


Hawaii.


Dacite—Light-colored, fairly silica-rich (63 to


68 percent SiO2) volcanic rock that is viscous


when molten; eruptions are commonly


explosive (e.g., Mount St. Helens’ eruption of


May 18, 1980) and may produce voluminous


tephra, pyroclastic flows, and lava domes.


Andesite—Volcanic rock intermediate in


color, composition, and eruptive character


between basalt and dacite.











