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By ANDREI M. SARNA-WOJCICKI, SUSAN SHIPLEY, RICHARD B. WAITT, JR.,
DANIEL DZURISIN, and SPENCER H. WOOD?
ABSTRACT Except for the distal thickness near Ritzville, Wash., mass per
area, thickness, and bulk density of the May 18 ash decrease
Lo sl Ll oy frors the Mount St. Helens erup-  downwind, because larger grains and heavier lithic and crystal
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tion of May 18 advanced rapidly to the northeast at an average
velocity of about 250 km/hr during the first 13 min after erup-
tion. It then traveled to the east-northeast within a high-velocity
wind layer at altitudes of 10-13 km at an average velocity of
about 100 km/hr over the first 1,000 km. Beyond about 60 km,

the thickest ash fall wac east of the volcano in Washington, north-
ern Idaho, and western Montana. A distal thickness maximum
near Ritzville, Wash., is due to a combination of factors: (1) crude

grains settled out closer to the volcano than did the lighter pumice
and glass shards. A minimum volume of 1.1 km® of uncompacted
tephra is estimated for the May 18 eruption; this volume is
equivalent to about 0.20-0.25 km?® of solid rock, assuming an
average density of between 2.0 and 2.6 g/cm’® for magma and
summit rocks. The estimated total mass from the May 18 eruption
is 4.9x10" g, and the average uncompacted bulk density for
downwind ash is 0.45 g/cm?®. Masses and volumes for the May 25

sorting within the vertical eruptive column, (2) eruption of finer
ash above the high-velocity wind layer at altitudes of 10-13 km,
and (3) settling of ash through and below that layer. Isopach
maps for the May 25, June 12, August 7, and October 16-18 erup-
tions show distal thickness maximums similar to that of May 18.

A four-unit tephra stratigraphy formed by the May 18 air fall
within proximal areas east of the volcano changes to three units,
two units, and one unit at progressively greater distances down-
wind. Much of the deposit beyond 200 km from the volcano has
two units. A lower thin dark lithic ash is inferred to represent
products that disintegrated from the volcano’s summit in the in-
itial part of the eruption and early juvenile pumice and glass. An
upper, thicker, light-gray ash rich in pumice and volcanic-glass
shards represents the later voluminous eruption of juvenile
magma. The axis of the dark-ash lobe in eastern Washington and
northern Idaho is south of the axis of the light-gray ash lobe
because the high-velocity wind layer shifted northward during the
eruption. The areal distribution of ash on the ground is offset to
the north relative to the mapped position of the airborne-ash
plume, because the winds below the high-velocity wind layer
were more northward.

and June 12 eruptions are an order of magnitude smaller than——————————

those of May 18, but average bulk densities are higher (about 1.00
and 1.25), owing to compaction by rain that fell during or shortly
after the two eruptions. Volume and mass of the July 22 eruption
are two orders of magmtude smaller than those of May 18, and
those of the August 7 and October 16-18 eruptions are three
orders of magnitude smaller. The eruption of May 18, however, is
smaller than five of the last major eruptions of Mount St. Helens
in terms of volume of air-fall tephra produced, but probably is in-
termediate if the directed-blast deposit is included with the air-fall

tephra.

INTRODUCTION

The eruption of Mount St. Helens on May 18,
1980, and the succeeding major eruptions present an
excellent opportunity to study dispersal patterns and

1Boise State University, Boise, Idaho, 83725.
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depositional characteristics of windborne ash. Many
large historic volcanic eruptions have occurred on
islands or peninsulas adjacent to oceanic areas or in
areas of difficult access. Where volcanoes have been
accessible to direct observation, most downwind ash
plumes have been carried across ocean areas, and the
areal extent, thickness, grain size, and mass of ash
could not be fully documented. Specific eruptions in
point are Tamboro (1815), Krakatoa (1883), Katmai
(1912), Hekla (1974), and Bezymianny (1956).
Quizapt volcano (1932), however, is a notable excep-
tion. The Mav 18 eruntion of Mount St Haolane ae
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curred on land, and the ash plume was carried

could be readily made on the ground. In addition,

owing to technological developments within recent
years, satellite 1magery was available to track the

areal extent and progress of an airborne-ash p

=

ash plume, charted its downwind progress, and com-
pared its airborne distribution with the distribution of
the ash lobe on the ground. Several geologists sam-
pled across the ash lobe shortly after the ash had
fallen; therefore, various characteristics were docu-
mented before the ash was disrupted by wind or rain.
Because each geologist conducted a traverse com-
pletely across the fallen-ash lobe, using the same
methods and observational criteria, a coherent, com-
patible data base was provided.

Robert Courson, Robert Quinn, Michael Folsom,
Daisuke Shimozuru, E. F. Hubbard, Steve Frenzel,
Marv Fretwell, David Frank, D. P. Dethier, Norman
Banks, R. R. Hooper, T. A. Cahill, R. E. Wilcox,
James Bailey, John Strong, and D. B. Mitchell for
providing samples, observational data, or other
information.

We are grateful to Gail McCoy, who helped to
compile thickness data and helped with grain-size
analyses, and to Graig McHendrie, who helped with
computer processing of grain-size data.

VERTICAL GROWTH AND
DOWNWIND PROGRESS OF THE
ASH PLUME FROM THE

an airb me. MAY 18 ERUPTION

A few minutes after the start of the eruption at
0832 PDT (Pacific Daylight time) on May 18, a ver-
tical column of hot, ash-charged gas shot vertically
from the volcano and grew rapidly to altitudes of
23 km or more. According to an airborne eyewitness,
the vertical plume rose to an altitude of 7.6 km at
0838, to 10.7 km at 0840, and to about 18 km at 0842
(Rosenbaum and Waitt, this volume). The column ex-
panded rapidly into a mushroom shape 10 min after
the start of the eruption. By 0845, the time of the first
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satellite images after the start of the eruption, the ash
plume had expanded to an ovoid lens about 80 km
long in an east-west direction, 45 km wide in the
north-south direction, and about 9-14 km in thick-
ness (figs. 331, 332). At 0845 the top of the ash plume
had risen to 23 km, and by 0900, to perhaps as much
as 27 km (Carl Rice, oral commun., 1980). The aver-
age vertical rate of ascent of the column between 0838

and 0842 is 44 m/s, or about 160 km/hr (fig. 333).

Ry 10172 tha caln ta an altitiida ~f

theaidad
DYy 1012 the column had subsiaed to an aitituae of

about 13 km, but the eruption continued into the late

afternoon.
The prevailing westerly wind swept the ash plume
ast-northeast. From a sequence of NOAA satellite

to or:\n]'\c fa](pn from cfnhgn:\nr orbit at hn":_knnr

wotographs taken from stationary orbit

rvals between 0845 and 1816 on May 18 (fig. 332),

'13

we complled an isochron map of the airborne-ash
plume front. By 0945 the widening plume front
passed over Yakima, Wash., 135 km downwind, and
by about 1200, over Spokane, Wash., and Moscow,
Idaho, about 400 km east of Mount St. Helens. By
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Figure 331.—Diagrammatic east-west profile showing early vertical growth and lateral expansion of plume from the
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Altitudes between 0838 and 0842 are from Rosenbaum and Waitt (this volume) and those between

0845 and 0900 are from Carl Rice (oral commun., 1980). Horizontal extent for 0845 is from NOAA satellite photograph

taken at 0845 PDT, sector KB7.
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Figure 332.—Isochron map showing maximum downwind extent of ash from airborne-ash plume erupted from
Mount St. Helens on May 18 and carried by fastest moving wind layer, as observed on satellite photographs. Map
is compiled from NOAA satellite photographs (sectors KB7 and SA40) taken at half-hour intervals between 0845

and 1816 PDT. Plot of plume position relative to ground was visually corrected for zenith angle. Probable error in
position of plume boundaries is +10 km in the north-south direction, and +5 km in the east-west direction.
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Figure 333. —Rate of ascent of wvertical plume from eruption of May 18. Lower three data points are from
eyewitness reports (Rosenbaum and Waitt, this volume). Upper two data points are from satellite observation (Carl

Rice, oral commun., 1980). Bars indicate possible errors

about 1500 the plume front had passed over Mis-

n time an

nd altitudo
a as

Gunuihc,

"looped over the Northwestern United States, then

soula, Mont., where changing wind directions swung
the front to the southeast. By about 1800, the plume
front had passed into northwestern Wyoming. After
nightfall on May 18, the plume could not be moni-
tored with visible-spectrum photographs, and infra-
red imagery was insufficient to define plume bound-
aries. By the morning of May 19, the ash plume had
passed into the midcontinent, where its margins
became so diffuse and mixed with clouds that its
boundaries could not be accurately detected. The
densest part of the ash plume, however, was tracked
across the plains to the East-Central United States,
where it swung northeast over New England, Mari-
time Provinces of Canada, and out over the North

i i 1k ) PR
Atlantic Ocean. Traveling eastward, the ash plume
returned over the West Coast of North America in

early June after circling the globe (Danielson, 1980).
Although high-velocity winds at altitudes of
10-13 km carried the main body of ash eastward,
higher stratospheric winds carrying some fine ash
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veered westward and carried the finest ash over the
North Pacific Ocean (Danielson, 1980).

The heaviest ash fall from the plume east of Mount
St. Helens was observed in Washington, northern
Idaho, and western Montana; lighter ash fall was
reported in Wyoming, western South Dakota, west-
ern Nebraska, Colorado, and northern New Mexico.
Light dustings were sporadically reported farther east
and northeast. The finest ash, which remains sus-
pended in the atmosphere, has circied the Earth many
times; on the basis of the effects from historic erup-
tions such as Krakatoa in 1883 (G. J. Symons, 1888),
it is likely to remain suspended in the atmosphere for

years.
PSS - P IS - i€ ~noa M
We derived a traveltime curve (fig. 334) for the
front part of the plume from figure 332 by plotting

the time the plume traveled since the start of the erup-
tion against the maximum horizontal distance it
traveled between each satellite photograph. Plume-
front velocities calculated from satellite imagery give
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Figure 334. —Traveltime versus distance from the volcano
for airborne-ash plume from the May 18 eruption. Travel-
times were calculated from a trajectory at approximately

maximum distances from the volcano, as determined from
NOA A catollito vhotooravhe (fio 332)
NOAA satellite photographs (fig. 332).

be at about 11.9-12.2 km which corresponds to the
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high-velocity air layer along much of its observed
route in the Western States, but diffuse parts of the
downwind plume were observed to altitudes of about
21.3 km (Edwin Danielson, NASA-Ames, oral com-
mun., 1980). Typical wind profiles at Spokane,
Wash., for the period 1600 on May 17 to 0400 on
May 19 (fig. 335), show velocity maximums at
altitudes of 10.7-12.2 km. Low-level winds were
more northward than were the high-level winds (fig.
335), which offset the ash lobe on the ground to the
north relative to the position of the airborne cloud.

OF ASH FROM THEMAY 18
ERUPTION

During traverses across the ash lobe, uncompacted

estimates ot the horizontal component of velocity
only. An average horizontal component of velocity
of the tephra plume front for the first 13 min is about
250 km/hr. The average azimuth of maximum veloc-
ity 13 min from the start of the eruption is about 040°
from the volcano. This azimuth is intermediate be-
tween the predominantly northward direction of the
initial directed blast and the 058° azimuth of the axis
of the air-fall lobe that was determined from subse-
quent thickness measurements on the ground. This
relation suggests that the 1mt1a1 directed- blast cloud

by the prevallmg wmd Because the 250—km/hr
velocity represents an average over the first 13 min,

AL kL 1i1ina_f +

and because the plume-front velocity decreased after
tha Limgt 12 i ln its

the first 13 min, velocities of the expanding ash cloud

in the first few minutes of the eruption must have
been much greater. Average velocities of the ash-
plume front over the first 13 min, as calculated from
satellite photographs, were only about 220 km/hr in
the direction of the prevailing wind, about 185 km/hr
northward, about 150 km/hr northwestward, and
zero to the south and southwest. The velocity of the
plume front averaged about 100 km/hr as it traveled
east-northeast over the first 1,000 km. Fine ash
erupted above the level of high-velocity winds (above
13 km altitude) was carried at lower velocities along
different trajectories (Danielson, 1980).

We do not have accurate altitude control for the
ash-plume front as it traveled east-northeast. The
base of the leading edge of the plume was reported to

thickness of ash was measured, and samples were col-
lected from measured areas to determine the mass per
area. Samples were collected from surfaces that were
generally free of ground litter or dust prior to the
eruption—from vehicles, shed roofs, and other ar-
tificial surfaces away from heavily traveled roads.
The initial uncompacted thicknesses were measured
before the first rain on May 21. Because most of the
traverse through Ritzville, Wash., was made on May

L
21 dnu 22 dILt:l rain uad oeguii, l}"uLl\ucaa vn}uco LhClC

were lower than those made before rain had started.

traverse by using associated mass-per-area values,
and by companng these values to mass-per-area

started. Ad]usted 1n1t1al thlcknesses fo the R1tzv1lle
Wash., traverse are on the average twice those
measured after the rainfall.

The “saddle” near Vantage, Wash., and the distal
Wash. (figs. 336,
337), are unusual. This type of distribution has been
documented only once—for the 1932 eruption of
Quizapu (Larsson, 1937). Isopach maps for eruptions
of May 25, June 12, August 7, and October 16-18
show similar distal thickness; thus, such features may
be fairly common. Because these distal thickness
highs were formed on fair days as well as rainy, they
cannot be attributed to scavenging of ash by rain, a
mechanism suggested for anomalous distributions of
downwind thickness by Wilcox (1959).

thickness maximum near Ritzville,
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We do not understand how the distal thickness
maximum near Ritzville, Wash., formed. Major fac-
tors controlling downwind distribution of tephra in
an eruption such as that of May 18 are the height of
the vertical eruptive column, the size range and
distribution of ejecta, the velocities and directions of
wind at different altitudes above the volcano and
downwind, and the manner in which these factors

TL _

cartal e
WILI1 UIne.

vary The vertical eruption column, which
extended above the high-velocity wind layer for

much of the day, probably acted as a crude sorting
mechanism. J. G. Moore (written commum., 1980)
suggested that the distal thickness maximum near
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Ritzville, Wash., formed from fallout of ash that was
erupted above the high-velocity wind layer; the
thickness low near Yakima, Wash., formed from ash
injected into the high-velocity layer; and the primary
areas of maximum thickness near the volcano formed
from ejecta erupted below the high-velocity layer.
Along the easternmost traverse through Missoula,
Mont., ash was too thin in most places to measure
directly. Thicknesses for this traverse were estimated
by comparing an average of three uncompacted
thicknesses in Missoula, where the ash was thick
enough to measure, with the average of associated
masses per area. Thicknesses at other sampled sites in
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north-south traverse through Missoula was too thin to measure directly, and thicknesses have been calculated from
mass per area, using thickness and associated mass per unit area measured near Missoula. Data on north-south

traverse through Ritzville and four sites 30-50 km to the west from ]. O. Davis. Data on north-south traverse
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this traverse were calculated by applying this ratio to
the known mass per area at each site.

Sampling traverses were not made east of western
Montana, though spot thicknesses were reported far-
ther east and southeast in Montana and Wyoming.
Only a light “dusting” of ash fell farther downwind
than Wyoming. Some reports of thicknesses within

our map area by other observers were much higher

than those stated in this report; for example, max-
imum thicknesses more than two times those reported
in this study were observed by USGS personnel about

54 km north of Moscow, Idaho, near the axis of the
May 18 ash plume (fig. 336) (Emest F. Hubbard, oral
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1

J
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of Spokane from Paul Weis.

2]
I4

commun., 1980). Hooper and others (1980) reported
ash 1.25 cm thick in Moscow, Idaho, whereas we
measured 0.4 cm on May 20 and 21. There are several
wh

Vvl

Birck
« 11100

10a.
1E5

€. AN :
Té4asons 1or wese discrepanc e

possible , where
observations were made prior to ours, initial uncom-
pacted thicknesses may have been greater owing to
greater initial cohesion between ash particles. Second,
some observers may have reported maximum rather
race thicknesses. Thic

1agv LAIITSSTS. s

others. Our measurements are inte
and agree with isomass data that are based on in-
dependent measurements. Because some compaction
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Figure 337.—Profiles across tephra lobe, normal to plume axis. Profiles are centered on axis at the following distances
downwind from the eruption: A, 40 km; B, 170 km; C, 315 km (secondary thickness maximum near Ritzville); D,

415 km; E, 630 km.

undoubtedly occurred before some ash was meas-

pacted thickness into the the mass per unit area.

ured, our estimate of initial bulk volume is a
minimum. Initial uncompacted thickness is an ephem-
eral parameter that is not easily measured; conse-
quently, it is not as reliable as isomass or compacted
thickness.

MASS AND BULK DENSITY OF
FALLEN ASH FROM THE
MAY 18 ERUPTION

Compaction due to loading, wind, rain, or time
will not affect measurements of mass, because mass
per area is unchanged by compaction. Samples col-
lected from measured areas were weighed, and mass
per unit area was contoured (fig. 338). The shape of
the isomass map is generally the same as that of the
isopach map (fig. 336).

We estimated uncompacted bulk densities for in-
dividual observation sites by dividing the uncom-
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Thickness, mass, bulk density, and mean grain size
generally decrease with distance from the volcano
(figs. 339, 342). The decrease in bulk density reflects
the depletion of crystal and lithic grains and the
relative enrichment of the lighter pumice and glass
shards downwind. This effect has been documented
in other studies (Larsson, 1937). Packing of grains
also plays a large if not dominant role in the decrease
of bulk density downwind. Compaction by rain alone
commonly effects a twofold increase in bulk density,
indicating that newly fallen ash was very lcosely
packed. The angular and irregular glass and pumice
shards that compose a progressively greater portion
of low-density downwind ash are more loosely
packed than are the denser, more equant crystal and
lithic grains. The average bulk density calculated for
Missoula, Mont., is very low (0.11 g/cm?®), although
the data on uncompacted thickness there are sparse,
and the error in measuring the very thin layer of ash is
significant.



STRATIGRAPHY, GRAIN SIZE,
AND AREAL DISTRIBUTION
OF DOWNWIND ASH

Proximal stratigraphy of the May 18 air-fall
deposits northeast of the voicano, along the axis of
the downwind lobe, consists of four units referred to
as units A through D (Waitt and Dzurisin, this
volume). This stratigraphy changes progressively
with distance downwind. Unit D can be traced only
locally in proximal areas, and pinches out some

Atbmam sy zaroo ~L Al e Ao
distance west of Yakima, Wash., 135 km east-

northeast of Mount St. Helens (fig. 339, A). The three

north of Yakima are a basal, 1-mm-thick, gray silt-
size ash (unit 1); an overlying, 1-mm-thick, “salt-and-

pepper”-colored fine sand-size ash composed of lithic

and crystal fragments and fine pumice shards {unit 2J;
and an uppermost, 17-mm-thick, fine sand- to silt-
size light-gray to tan ash composed of pumice and
glass shards, crystals, and minor lithic fragments

T Tens 3 i
Unit 2 is thl':‘ dista} equiv
_an

Yanl

layer Bl, a e
that contains abundant angular lithic fragments,
small pumice lapilli, and crystals (Waitt and Dzurisin,
this volume). Unit 3 is most probably a distal facies of

layers B2 and B4, the thickest proximal layers that

P TP P2

(24
Coarsc a 1d- er 1

dait

contain most of the coarse pumice (fig. 339). Unit 3
may also contain late-settling, fine low-density par-

O om-the other proxim N A thro

0 0 DroxXima S eh D
About 200-250 km downwind from Mount St.
Helens along the lobe axis, unit 2 pinches out or

merges with the basal unit. From Moses Lake, some
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Figure 338.—Isomass map of ash erupted from Mount St. Helens on May 18. Lines represent mass of ash per area,
in g/cm?. Open circles represent observation stations. Circular diagram shows average directions toward which
wind was blowing for different altitudes at 1020 PDT on May 18, at Spokane, Wash. Data from U.S. National
Meteorological Service. Samples of ash were collected from measured, essentially horizontal surfaces, oven dried at
60°C for 12 hr, and weighed. Data on north-south traverse through Ritzville, Wash., and three sites 40-50 km to
the west, from ]. O. Davis. Data on north-south traverse through Missoula, Mont., from Thomas Bateridge.
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Winnowing of fine ash from the main body of the
plume caused dusting and reduced visibility for tens
of kilometers north of the northern boundaries of our
isopach and isomass maps. The southern plume
boundary, however, was quite sharp in south-central
Washington. Within 50 km of Mount St. Helens, the
southern margin of the air-fall lobe is marked by
coarse, scattered pumice lapilli, but it contains no fine
ash. Downwind in central Washington, eyewitnesses
reported a sharp southern boundary to the falling
ash, which was coarse- to medium-sand size. The fine

eyewitness observations. In Washington and north-
ern Idaho, mean grain sizes on the south side of the
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O

TOTAL VOLUME, MASS, AND

AVERAGE BULK DENSITY FOR

DOWNWIND ASH FROM THE
MAY 18 ERUPTION

We estimated total, uncompacted bulk volume of
downwind ash by measuring areas within each
isopach contour of figure 336 using a planimeter.
Each thickness increment was multiplied by its area,
and volumes were summed. The total volume was

crements and the curved surface of the ash lobe. The
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the tntal mase however remained Qllsnpnr]P(‘] and
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finest dust and aerosol will remain suspended for

several years (Symons, 1888). Our mass estimate is
conseauentlv a minimum. On the basis of analogv

gested that as much as 75 percent of the air-fall
volume and 40 percent of the mass are outside the

Al A AE nfrmad far tha Aaumurnind lahe wrac calrnlated

and magma before eruption is between 2.0 and

is between 0.20 and 0.25 km®. The volume missing

from the mountain after the eruption of May 18,
calculated from preeruption and posteruption topo-

debris avalanche, mudflows, and directed-blast
deposits, whereas only a small fraction was erupted
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AND MASS OF ASH FROM THE FIVE
MAJOR ERUPTIONS AFTER MAY 18

Eruptions from Mount St. Helens on May 25, June
12, July 22, August 7, and October 16-18 were con-
siderably smaller in mass and volume than that of
togetner with that ot Ivlay 18, are instructive tor an-
ticipating areal extent of ash from future eruptions
and for interpreting transport and dispersal patterns
of ancient volcanic ashes.

Docennd An bl (o0 WL 1 .1 - em ]

MIVOLEULIIL VY LIIU ULIITLLIVILD dt WUITITLIL dallLituuey dpDove
the volcano. The fast, higher level winds between
altitudes 5,500 and 15,000 m blew toward the north-
west (fig. 344). A layer of ash about 0.3-0.5 mm thick
covered Aberdeen, Wash., about 150 km to the
northwest. Traces of fine dusting were reported
throughout much of the Olympic Peninsula, to dis-
tances of as much as 240 km to the northwest. The
slower, lower level winds carried ash to the west,
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volcano. Ash distribution on the ground (fig. 345),

of the volcano carried ash within a wide sector be-
tween azimuth 120° and 220°. Higher level winds at
altitudes of about 7,500-12,000 m transported ash
toward the southwest within a sector between azimuth
225° and 240°. Massive fallout from this cloud formed
a distal thickness maximum about 45 km southwest of
Mount St. Helens. Fine ash, which remained sus-

terred to have been transported to the south and
southeast by lower level winds apparently localized
along the Columbia River. Fine dusting, however, was
reported farther south. The mass of material erupted

LINCKIIESSES WEIE IE55 Lldn I tne 4asn Naa peen (]ry.
Average initial uncompacted bulk densities calculated
from total volume and mass are 1.03 and 1.25 g/cm?,
respectively, for the two eruptions.

The eruption of July 22, like that of May 18, oc-
curred on a fair day, and ash was carried to the north-
east. Data for areal distribution and thickness of this
ash are sparse beyond 135 km northeast of Mount St.
Helens. Beyond several tens of kilometers from the
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Table 66.—Mass, volume, bulk density, and area covered by the 0.1-g/cm? isomass contour for downwind ash erupted
from Mount St. Helens, March 27 through October 18.

Early May May June July August October
phase 18 25 12 22 7 16~-18
Total mass, x 1ol4 gm———————— 0.008 4.88 0.42 0.45 0.04 0.01 0.007
Volume, uncompacted, bulk km3— 2-0006 1.10 .031 .027 3.004 .0008 .0005
Volume, in-place rock, km3
using density 2.6 g/cm3 ————— .0003 .20 .016 017 .001 .0005 .00025
Calculated average uncompacted
bulk density, g/cm3-——-—-—me 21.25 .45 1.03 1.25 3.50 1.25 1.29
Area covered within the
O.l—g/cm2 isomass contour,
in km2 340 57,372 6,751 14,190 513 17.7 5.8

1Early premagmatic eruptions, March 27-April 17.
and 22 and May 7-14.

“Thickness measurements were not reliable, or ash layers were too thin.

Does not include some minor eruptive activity between April 17

Uncompacted density of 1.25 g/cm3 was

used, comparable to wet-ash values of June 12 eruption (see text).

of May 18 eruption (see text).

volcano, the ash was too thin to measure, and meas-
urements only for mass per area were made (fig. 346).
Near the volcano, the axis of the air-fall ash lobe
trended about 060°, almost directly atop the May 18
axis, but whereas the axis of the May 18 lobe turned
more eastward near Yakima, Wash., the July 22 air-
fall lobe swung more northward. Mass values beyond
Yakima are scattered and cannot be contoured reli-

4444444444444444444‘4‘4Hﬁf4Eﬂo*thin*to‘measure*at*mvst‘sites*“ﬁ‘tnmpacteu density of 0.5 g/cm was used, comparable to dry-ash values

The air-fall mass estimated for the July 22 eruption was
about 122 times smaller than that for the May 18 erup-
tion. If we assume an uncompacted bulk density of
about 0.50 g/cm? for ash from this eruption, which is
similar to that of the May 18 eruption which also oc-
curred on a fair day, then the uncompacted bulk vol-
ume of ash from this eruption is about 0.004 km?, and
the equivalent in-place rock volume prior to eruption

ably. Mass measurements near the Idaho-Canada
border, about 490 km to the northeast, were higher
than values in intervening areas. These variations in
thickness may result from strong low-level winds that
blew throughout the day and disturbed the ash, or the
higher values downwind may represent distal thick-
ness maximums similar to those described for the pre-
vious three eruptions.

As occurred in the earlier eruptions, the lobe
deposited on July 22 had a pronounced asymmetry,
which probably resulted from divergent wind direc-
tions at different altitudes. Faster, high-level winds
were directed toward a sector from azimuth 043°-055°,
but lower level winds were directed to about 068°
imass @"auii‘:ﬁt was
falrly steep for prox1mal areas, but the southeastern
boundary was more diffuse and the mass gradient
tailed off gradually. We estimate a mass of 4 X 102 g for
the ]uly 22 eruption assuming a configuration for the
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is about 0.001 km? (fig. 347, table 66).

Distribution patterns for the eruptions of August 7
and October 16-18 (figs. 348, 349) are multilobed,
which most likely reflects shifts in wind directions
between successive eruptive pulses. Three major
pulses, for instance, were recorded during the August
7 eruption, which may correspond to the three lobes
observed in the ash-distribution pattern. Distal
thickness maximums are also observed for both the
August and the October eruptions. Four distal max-
imums are observed for the eruption of October
16-18, in which five separate eruptive pulses were
noted. Analyses of ash-distribution patterns and their
correlation with wind direction and altitude for the
later erupthﬁS are still in progress

Erupted mass and volume for the six major erup-
tions of 1980 from Mount St. Helens declined roughly
exponentially with time and leveled off somewhat be-
tween the last two eruptions (fig. 350). Differences in
mass and volume between the first and last eruption

are three orders of magnitude.



XIAAT TTRAT MU YW IATATIA
VOLUME OF DOWNWIND ASH

FROM THE MAY 18 ERUPTION
COMPARED WITH VOLUMES FROM
PREVIOUS ERUPTIONS OF

MOUNT ST. HELENS

One way to compare the magnitude of the May 18
eruption with magnitudes of previous eruptions of
Mount St. Helens is to compare the volumes of their
respective tephra deposits. Evidence for many of the
older tephra layers from Mount St. Helens, however,

LiCI ICpiua iqytlis 22028 QuUIlt ot 1ICIETLS

is fragmentary and volumes cannot be accurately
measured. Both thickness data and volume estimates
for several historic eruptions from other volcanoes,
however, are available. We have plotted curves of

maximum air-fall thickness against distance for each

of these historic eruptions. At distances of about
25-100 km downwind, the slopes of these curves are

o

roughly parallel, and thickness increases directly with
volume. Next, we plotted the maximum thicknesses
of the historic tephra layers (at arbitrarily chosen
distances of 50 and 100 km from their vents) against
the volume of each eruption (fig. 351). Using thick-
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Figure 345.—Isopach map of air-fall ash of June 12. Ash thickness in millimeters. Circle, observation site with
measured thickness (these are given because thickness values are scattered, and some appear anomalous); TR, trace;
dashed lines, beyond control area. Circular diagram shows predicted wind directions for selected altitudes (in meters)
near Mount St. Helens. Arrows point in the direction wind blew. Data are from U.S. National Weather Service. Data
from sites southwest of Columbia River, from C.F. Kienle. Data for some stations south of Mount St. Helens, from

Carolyn Driedger and Jerry Kendall.
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ash observed. For sites beyond the contoured area numbers represent mass in g/cm?. Circular diagram represents
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direction toward which the wind blew. Data are from the U.S. National Weather Service. Data for distal sites in cen-
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ness data for some of the previous eruptions of
Mount St. Helens (Crandell and Mullineaux, 1978)
and curves from figure 351, we estimate that the 1842
layer of Mount St. Helens had a volume of about 0.03
km?, that layer T (erupted about A.D. 1800) had a
volume of between 0.3 and 0.4 km?, and that layer Yn
(erupted about 4,000 B.P.) had a volume of about
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4.5-5 km?, compared to the 1.1 km?® volume of the
May 18 eruption. In this method of comparison,
volumes of broad, diffuse lobes or of lobes with distal
maximums such as that of May 18 will be underesti-
mated, but volumes of sharp, narrow lobes will be
overestimated; consequently, these estimates are
rough, probably within a factor of two of the actual
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however. another factor needs to be considered

595



596



46°15'—
WASHINGTON
§7 Va
0
/ Arlington
4 3 }
// TThe Dales/ / |
00\@ s/ / /
\ - v,/
Tillamook 000300V
illamool U
o e — =2 OREGON
NIz
+
Mt Jefferson
North Sister
aMiddle Sister
“South Sister
%o B
43°15'(— o _ 7
+
X'-_|Roseburg
Bandon o
+ +
Crater Lake
X
[IJ 2|D 4|0 610 8P KILOMETERS
| I i
\ 0 20 40 MILES
\ D._Grams Pass

Figure 349. —Isomass map (mass per unit area, in g/cm?) of air-fall ash of October 16-18. Circle, observation site; +, light
dusting of ash; x, no ash observed. Contour dashed where inferred beyond control area. Samples collected by Evelyn
Newman, Robert Mark, Carol Price, and Susan Shipley.

597



SUMMARY

During the current episode of activity the eruption
of May 18 produced by far the largest volume of
material and covered the largest area (table 66); it ac-
counted for about 84 percent of the total mass of ash
erupted since activity started, 83 percent of the
estimated volume, and about 93 percent of the un-
compacted bulk volume. The eruption of May 18
covered 72 percent of the total area blanketed by the
1980 eruptions if the 0.1-g/cm? isomass contour is
used as a basis of comparison (fig. 347). Total
volume, mass, and area covered by each of the six

magmatic eruptions have decreased markedly and,
with the exception of the May 25 eruption, systemati-
cally with time. The volume of air-fall tephra erupted
on May 18 is the smallest when compared to the
volumes of previous major eruptions from Mount St.
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Figure 350. —Mass and volume of air-fall ash from six 1980
eruptions of Mount St. Helens.

however, the area covered by the 20-cm isopach is
larger (light pattem of fig. 352), and the minimal
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67) Thus, 1f we rank the eruptlon of May 18 on the

than five of the most recent large tephra eruptions of
Mount St. Helens (table 67); but if the directed-blast

dPnﬂQlf‘ as well as air-fall tenhra is considered in the
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comparison, the May 18 en s

duced layers T, We, and Ye, but smaller than the
eruptions that produced layers Wn and Yn (table 67).
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Helens, but the volume is intermediate if the directed-
blast deposit is included with the air-fall tephra.

None of the ash lobes produced by the six mag-
matic eruptions of 1980 is truly symmetrical; some of
them, like those of May 25, june 12, August 7, and
October 16-18, have complicated distribution pat-
terns. These characteristics of ash distribution are
effects of variations in wind velocity and direction
with altitude, combined with characteristics of the
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have affected dlstrlbutlon of ancxent ashes Increase

ima could be mlsmterpreted in the stratlgraphlc
record as thickening toward a source. The observed
g possi

represent a
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distribution patterns for future eruptions of active
volcanoes, but also are models for interpreting disper-
sal patterns of ancient ashes.
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THE 1980 ERUPTIONS OF MOUNT ST. HELENS, WASHINGTON

PROXIMAL AIR-FALL DEPOSITS FROM THE MAY 18
ERUPTION—STRATIGRAPHY AND HELD SEDIMENTOLOGY

By RICHARD B. WAITT, JR., and DANIEL DZURISIN

ABSTRACT

Proximal air-fall deposits of the May 18 eruption of Mount St.
Helens comprise four principal stratigraphic units. In upward suc-
cession they are: gray sandy silt (part of unit A), pumice and lithic
gravel (unit B), pale-brown sand and silt (unit C), and gray silt
(unit D). From 20 to 60 km east-northeast of the mountain the en-
tire air-fall lobe and the lobes of each unit thicken exponentially
toward areas near the volcano. Layer A3, the air-fall component
of unit A, thickens toward an apparent source area 15 km north
of the volcano. Its content of vesicular gray dacite and scorched
tree fragments shows that it is related to the directed blast
(pyroclastic density flow) that began at 0833 PDT. Unit B
thickens toward the central vent and clearly is the primary
deposit of the plume from the central eruptive column. Four
layers composing this unit are attributed to fluctuations in the
height of the eruptive column in the morning and afternoon. Unit
C thickens toward the ash-flow deposits west of Spirit Lake and is
largely the deposit from ash clouds that rolled outward from and
convected upward off ash flows on the north flank during the
afternocon. It is also partly a distal air-fall deposit from phreatic
vents that redistributed ash-flow material as secondary eruptive
columns. Unit D, which thickens toward the central vent,
resulted from the waning central column in the evening. This
four-unit stratigraphy comprising more than 10 distinctive layers
accumulated within 12 hr. Ancient multi-layered deposits from
Mount St. Helens and other volcanoes may represent similar sets
of discrete but nearly simultaneous events.

At distances of 10-100 km from the volcano, the entire May 18
air-fall lobe is similar in thickness to ancient pumice layer T
(A.D. 1800), the thickest air-fall deposit of the early 19th-century
eruptive episode of Mount St. Helens. Unit B of the May 18 air-
fall lobe is half to one-fourth as thick as pumice layer T. Unit D,
an order of magnitude thinner than pumice layer T, is similar in
thickness to the A.D. 1842-43 lobe, the thickest deposit of the

mid-19th-century activity. The May 18 unit-B deposit is an order
of magnitude both thinner and finer grained than the thickest and
coarsest Quaternary air-fall deposits from Mount St. Helens and
other Cascade Range volcanoes.

INTRODUCTION

The eruption of Mount St. Helens on May 18,
1980, had several phases. Moments after the great
north-side landslide at 0832 PDT, a directed blast
(pyroclastic density flow) swept off the volcano and
within minutes spread across and devastated a
500-km? area to the north (fig. 353). Between 4 and
10 min after the beginning of the blast (Rosenbaum
and Waitt, this volume), a vertical eruptive column
developed as high as 20 km and alternately waxed
and waned throughout the morning and afternoon.
From ash flows that descended the north flank during
the afternoon, convecting clouds of elutriated ash
drifted downwind. By late afternoon secondary
phreatic vents that developed in the ash-flow deposits
7 km north of the central vent redistributed some of
the ash-flow material by means of secondary vertical
columns. By evening the central column had greatly
subsided but continued to emit ash. During each of
these phases of the eruption, ejected material was
carried east-northeast and winnowed by the prevail-
ing windstream.

Within a few days after the eruption, we had
categorized the air-fall deposits 20-60 km downwind
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ORIGIN AND TIMING 25 km of the mountain, and from about 0900 to
1000 PDT 30-70 km away (Rosenbaum and Waitt,




B2and B4. thickens to 20 cm against the windward side of a

fragments in this layer are generally coarser than even  wind and toward the volcano. Isopleths of maximum
those at the top of laver B2, although the layer is  pumice size, which splay broadly across the lobe of

point where it consists of scattered pumice granules  imum thickness.
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rate of eruption of gas and pumice. The generally
abrupt contact with layer Bl suggests that this change
was abrupt. The general reverse grading of pumice
fragments within layer B2 indicates that a trend
toward higher altitude pumice ejection continued for
some time. The lack of a pale-brown matrix suggests
that this layer preceded the first ash flow. Layer B2
probably is the deposit of a relatively high column in
late morning.

Layer B3.—The thin and sparsely recognized layer
B3 records a fairly brief interval of a lower vertical
column between the times of higher column repre-
sented by layers B2 and B4. The absence of a brown

yer also preceded the first
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)
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layer B2 indicates a very gaseous pulse of the column;
its relative thinness suggests that it accumulated
during a shorter time interval than did layer B2 or

10 KILOMETERS

Figure 359.—Stratigraphic cross sections (see fig. 355 for locations). Section A-A', along axis of unit B lobe. Section
B-B', across air-fall lobe about 25 km from volcano. Section C-C', across air-fall lobe about 40 km from volcano.

more pumiceous, probably retlecting an increase rom i :

appearance of the pale-brown silty matrix indicates
an abrupt change in the vertical eruptive column. The

_ o e ctemmilaa. Svraim QiTa o anbicn
matrix is similar in grain size and identical in color to
the matrix of ash-flow deposits on the north flank of

the mountain. Eruptions began to generate ash flows
down the north flank at about 1217 PDT, (Rowley
and others, this volume, table 42) when the eruptive
column distinctly lightened in color (D. A. Swanson,
oral commun., 1980). The abrupt appearance of a
brown matrix in the air-fall deposit probably records
this change. During magmatic eruptions in July and
August, part of the pale-brown cloud convecting off
north-flowing ash flows was drawn up into the ver-
ical column simultaneously developing over the cen-
ral vent (aerial-oblique photographs by R. P.
Hoblitt, J. E. Vallance, and M. P. Doukas). The
brown color of layer B4 probably resulted from a ver-
tical eruptive column on May 18 that either similarly
drew up part of the cloud convected off the ash flows,
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or simply incorporated this fine material that was be-
ing generated by the ash-flow-producing explosions
at the crater. Layer B4 thus originated from afternoon
eruptions.

Variations in thickness and coarseness within unit
B.—The maximum thickness of unit B some 15 km
downwind from the volcano probably is due to the
dominant trajectory of coarse particles. Ejected in the
central column to a certain mean altitude, the coarse
particles then drifted laterally in the prevailing wind-
stream. Pumice fragments were produced in sizes
ranging from 3-m blocks to micrometer-sized shards.

The vertlcal column camed the fine fragments above

where they were transported laterally far downwmd

to form the white silt ash dominating the distal air-fall
r‘lpnncnts (Sarna-Woijcicki, S

ojcicki, Ship

pumice block found on the lower east flank of the
volcano is 40 cm in diameter. In the ash-flow
deposits, however, 1-m pumice blocks are common
and some are even larger. Such large fragments ap-
parently remain low enough in the eruptive column
that they can be transported from the crater area only
by relatively dense ash flows. Of the coarse fragments
thrust upward by the vertical column, a zone of max-
imum concentration develops at some altitude range.
By the time this mode of coarse pumice and lithics has
fallen to the ground, it has been translocated many

pumice at the southern margin of the lobe, some
coarse pumice also lies sparsely along the northern
margin. The main cause of this complication is that
the isopleth map is of the entire unit B, which includes
three relatively coarse layers that probably fell during
three discrete episodes of high eruptive column be-
tween early morning and mid-afternoon of May 18.
Between morning and late afternoon low-level winds
had shifted northward. Many of the largest pumice
fragments on the north half of the lobe are brownish
and lie within unit C, and probably belong to layer
B4, whereas coarse pumice near the southern margin
is not brown and probably belongs to layer B2 or B1.

C C D
influenced by gradually changing wmd directions.
The apparent northward drsplacement of the axis of

1.1

thickness of layer B4 from the axis of layer B2 and the
M mlabh A~ b oaa PO I,
broad splay of the isﬁylcth contours seem to reveal a

fallout durmg May 18—-the abundant coarse pumice
on the south having fallen from morning eruptions,
the sparse coarse pumice on the north from afternoon

eruntions
eruptions,

PALE-BROWN SAND AND SILT (UNIT C)
STRATIGRAPHY

In the north-through-northeast sector a layer of
pale-brown to light-brownish-gray silt to sand (unit
C) overlies layer A3 and unit B. At a distance of

kilometers downwind. Coarser fragments, not ejected
as high and less influenced by the prevailing wind-
stream than finer fragments, fall closer to the
volcano. Having less volume, these coarser fragments
produce a thinner layer.

The axis of maximum thickness is slightly counter-
clockwise of the axis of maximum coarseness
(fig. 358). The low-level wind on May 18 was north-
ward of the east-northeastward high-level wind that
carried the plume. As material fell from the high-level
plume, the lower level winds winnowed the finer
material from the south to the north side of the
plume. This pattern in unit B on May 18 resembles the
pattern in more recent air-fall lobes, in each of which
the axis of maximum thickness is displaced from the
axis of maximum pumice size in the direction of the
low-level winds (Waitt and others, this volume).

The May 18 unit B lobe, however, differs from the
later air-fall lobes in that, in addition to coarse
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20 km along the axis of the air-fall lobe, the unit is a
silty, medium to fine sand about 2 cm thick; it thins
northward, southward, and downwind (to the east-
northeast) to silt only a few millimeters or less in
thickness. Where the material is fine sand or coarser,
it probably contains the distal facies of layer B4.
South and east of Spirit Lake rare pumice pebbles,
probably of layer B4, are embedded near the top of
unit C. Unit C thickens to several decimeters thick
just north of the ash-flow deposits. Near Spirit Lake
unit C comprises three layers—a coarser pumiceous
layer divides a lower fine layer from an upper fine
layer (figs. 354B, 360).

Lower silt (layer C1).—The lower layer (C1) is
massive pale-brown silt to fine sand 0.5-2 cm thick.
On the spur between the arms of Spirit Lake, this
layer consists partly of pale-brown pisolites as much
as 8 mm in diameter, but on the east side of the lake in
Harmony Falls basin pisolites occur only in a rela-
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1 km unwind from the west margin of Snirit .ake.
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therefore must date from late afternoon and evening.
During most of the afternoon of May 18, the cloud

convectine 1n from the north-side acsh flaws race

satgy mpoer

from phreatic eruptions reworking the hot ash-flow
deposits.

UPPER GRAY SILT (UNIT D)
DESCRIPTION

Northeast and east-northeast of the volcano, the
May 18 air-fall deposits are capped by a layer of gray
silt a few centimeters thick close to the volcano but
only millimeters thick beyond 20 km (figs. 354, 357).
Unit D is texturally similar to the pale-brown silt of
unit C, but when wet is sharply distinguished from
unit C by its gray color. Unlike layer A3, unit D is
well sorted and does not contain tree fragments.

LATERAL VARIATIONS

ward sides ot trees are notably plastered with gray Sut.
As unit A is nearly absent here, this silt must be from

therefore must have accumulated from the plume
from the vertical column after 1900 PDT, when the
top of the column had declined to below altitude

wind trajectory of fine particles that had been ejected
roughly to altitude 4-5 km during the waning phase
of the May 18 eruption. Low-level winds were coun-
terclockwise of the high-level winds throughout
May 18. The material of unit D, ejected to compara-
tively low altitude, was moved from the vent by a
windstream that was northward of the high-altitude
windstream that carried most of the material of
unit B.

SURFICIAL PUMICE (UNIT E)
DESCRIPTION

In the coniferous forest beyond the devastated area
but broadly along the axis of unit B, scattered pumice
pebbles overlie unit D (fig. 363). This layer is present

only beneath the branches of living trees. It is absent
. _o_f A__. PR [T S, R

I mabireal Alassinoe

within the rorest,
made clearings.
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INTERPRETATION OF
STRATIGRAPHY OF ANCIENT
AIR-FALL DEPOSITS

Because the units and layers of the May 18 deposits
can be traced to thicker deposits that are easily ex-
posed by shallow excavation, and because many of
these units and layers can be logically attributed to
events that were observed on May 18, the origin of
these deposits is relatively clear. The sequence of 10
distinguishable air-fall layers all deposited as a conse-
quence of the May 18 eruption is an example to aid
interpretation of stratigraphic sections of ancient
tephra. Viewed from the future, the sharp boundaries
in texture or color between units A, B, C, and D, or
between layers A2 and A3 or layers C2 and C3, could
be taken as evidence of separate events spanning con-
siderable time. Yet these units are all products of a

unit decreases exponentially downwind from the vent
(fig. 364). The magnitude of the May 18 eruption
relative to other eruptions of Mount St. Helens and
other Cascade Range volcanoes can be compared by
plotting thickness of air-fall lobes as a function of
distance from the vent. The unit B lobe is generally
one-half to one-fourth as thick as pumice layer T, the
thickest air-fall deposit of the early 19th-century erup-
tive episode. The unit B lobe is 4 or 5 times thicker
than the 1842-43 lobe, the largest air fall during the
mid-19th-century episode (Harris, 1976, p. 178-181).
The 1842-43 lobe is similar in thickness to unit D, the
final low-energy central-column deposit of May 18.

the entire May 18 lobe—units A, B, C, and D

together—is similar to the thickness of ancient pumice

laver T (6 244\ Jhich alg ilav ta Athae 1ol
1ayCer 1 \115 O04%), Wniln is also similar to owner 100es

single day’s activity at Mount St. Helens. The layer of
fir needles in some areas concentrated atop layer A3
also could be taken to imply a time break during
which nearby standing trees casually shed debris onto
the new surface; whereas they are needles eroded
from trees only an hour or so earlier. A future “C
date obtained for this layer will not only be a
maximum-limiting age for the overlying layer and a

50.0 Yn (3400 yr. BP)

40.0 -

30.0 \(
20.0 -

minimum-limiting age for the underlying layer, but 99r =
will also closely date both layers. 25% E .
5.0 - .
4.U
3.0
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Whereas the thickest proximal accumulation of
May 18 unit B is about 25 cm, on the north-through-

northeast sector, ancient air-fall pumice accumula-
tions—layers Yn (3400 B.P.), Wn (450 B.P.), and T

’

{A n ‘IRM\ (Franr‘p” :\hA .’\An"innanv 1978 figs 2’

770,

9)—are as thlck as 1 m. In proximal areas the coarse
air-fall material of May 18 was thus quite thin com-
pared to three major air-fall lobes from the volcano.
East of the Cascade Range, however the fine air-fall
deposit of May 18 forms a continu

us | a
half-centimeter thick along h- axis of the lobe. In
unplowed areas this layer probably will remain as a
permanent white-ash layer comparably thick to some
of the ancient Mount St. Helens ash lobes in eastern
Washington (Waitt, 1980, fig. 11A).

In the proximal area the thickness of each air-fall

THICKNESS, IN CENTIMETERS
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Figure 364.—Plot of thickness of air-fall lobes from
Mount 5t. Helens as a function of distance downwind of
volcano. Data from pre-1980 eruptions from Crandell
and Mullineaux (1978, figs. 2, 9). Open circles, data
points.

615



MOUNT ST. HELENS, MAY 18
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DIAMETER, IN MILLIMETERS
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and than the two thickest lobes from the eruptions of
Glacier Peak 11,250-13,000 yr B.P. (fig. 364).
Maximum particle size in air-fall deposits, a measure
of the transportational competence of the eruptive
column and the prevailing windstream, also decreases
exponentially with distance downwind from the vent
(fig. 365). Maximum pumice size of the Mount St.
Helens May 18 unit B is 5-10 times larger than that of
post-May 18 eruptions from Mount St. Helens
(fig. 376). But maximum pumice size of unit B is 5-10
times smaller than that from large ancient eruptions of
the Cascade volcanoes Glacier Peak and Mount

Mazama (fig. 365).
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Figure 365.—Plot of intermediate diameter of largest
pumice fragments as a function of distance downwind
from volcano. Data from Glacier Peak and Mount
Mazama from Porter (1978, fig. 8). Open circles, data
poinis.
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