





OBSERVATIONS OF THE ERUPTIONS
OF JULY 22 AND AUGUST 7, 1980,
AT MOUNT ST. HELENS, WASHINGTON



FRONTISPIECE—Mount St. Helens as viewed from the north at about 1906 PDT, during the second of the three eruptive pulses of July 22, 1980.
The vertical-eruption column is derived directly from the vent, whereas the ash cloud rising through the atmospheric clouds in the
foreground is derived from a pyroclastic density flow. Tephra can be seen falling from the left side of the vertical column. Mount Hood,
Oreg., is visible in the background. Photograph by James W. Vallance.
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OBSERVATIONS OF THE ERUPTIONS OF JULY 22 AND AUGUST 7, 1980,
AT MOUNT ST. HELENS, WASHINGTON

By RICHARD P. HOBLITT

ABSTRACT

The explosive eruptions of July 22 and August 7, 1980, at Mount
St. Helens, Wash., both included multiple eruptive pulses. The begin-
nings of three of the pulses—two on July 22 and one on August
7--were witnessed and photographed. Each of these three began with
a fountain of gases and pyroclasts that collapsed around the vent and
generated a pyroclastic density flow. Significant vertical-eruption
columns developed only after the density flows were generated. This
behavior is attributable to either an increase in the gas content of the
eruption jet or a decrease in vent radius with time. An increase in the
gas content may have occurred as the vent was cleared (by expulsion
of a plug of pyroclasts) or as the eruption began to tap deeper, gas-
rich magma after first expelling the upper, gas-depleted part of the
magma body. An effective decrease of the vent radius with time may
have occurred as the eruption originated from progressively deeper
levels in the vent. All of these processes—vent clearing; tapping of
deeper, gas-rich magma; and effective decrease in vent
radius—probably operated to some extent. A “relief-valve”
mechanism is proposed here to account for the occurrence of multiple
eruptive pulses. This mechanism requires that the conduit above the
magma body be filled with a bed of pyroclasts, and that the vesicula-
tion rate in the magma body be inadequate to sustain continuous
eruption. During a repose interval, vesiculation of the magma body
would cause gas to flow upward through the bed of pyroclasts. If the
rate at which the magma produced gas exceeded the rate at which gas
escaped to the atmosphere, the vertical pressure difference across the
bed of pyroclastic debris would increase, as would the gas-flow rate.
Eventually a gas-flow rate would be achieved that would suddenly
diminish the ability of the bed to maintain a pressure difference be-
tween the magma body and the atmosphere. The bed of pyroclasts
would then be expelled (that is, the relief valve would open) and an
eruption would commence. During the eruption, gas would be lost
faster than it could be replaced by vesiculation, so the gas-flow rate in
the conduit would decrease. Eventually the gas-flow rate would
decrease to a value that would be inadequate to expel pyroclasts, so
the conduit would again become choked with pyroclasts (that is, the
relief valve would close). Another period of repose would commence.
The eruption/repose sequence would be repeated until gas-production
rates were inadequate to reopen the valve, either because the depth of
the pyroclast bed had become too great, the volatile content of the
magma had become too low, or the magma had been expended.

A timed sequence of photographs of a pyroclastic density flow on
August 7 indicates that, in general, the velocity of the flow front was
determined by the underlying topography. Observations and details
of the velocity/topography relationship suggest that both pyroclastic
flows and pyroclastic surges formed. The following mechanism is con-
sistent with the data. During initial fountain collapse and when the

flow passed over steep, irregular terrain, a highly inflated suspension
of gases and pyroclasts formed. In this suspension, the pyroclasts
underwent rapid differential settling according to size and density; a
relatively low-concentration, fine-grained upper phase formed over a
relatively high-concentration coarse-grained phase. The low-particle-
concentration phase (the pyroclastic surge) was subject to lower inter-
nal friction than the basal high-concentration phase (the pyroclastic
flow), and so accelerated away from it. The surge advanced until it
had deposited so much of its solid fraction that its net density became
less than that of the ambient air. At this point it rose convectively off
the ground, quickly decelerated, and was overtaken by the
pyroclastic flow.

The behavior of the flow of August 7 suggests that a pyroclastic
density flow probably expands through the ingestion of air wherever
it passes over surfaces whose relief is a significant fraction of the flow
thickness. Thus, a pyroclastic flow may spawn one or more pyroclast
surges at locations remote from the source volcano. The ingestion of
air by a pyroclastic surge would increase the time that particles would
be held in suspension and, thus, extend the lifetime and length of the
pyroclastic surge.

INTRODUCTION

The reawakening of Mount St. Helens (fig. 1) offered
an unusual opportunity to document the rarely ob-
served, short-lived phenomena that occur during ex-
plosive eruptions. An early explosive phase of activity
was defined by the magmatic eruptions of May 18, May
25, June 12, July 22, August 7, and October 16-18,
1980. Of these, the eruptions of July 22 and August 7
were, at least with regard to flowage phenomena, the
most closely observed and photographically best docu-
mented.! This report presents some observations and
photographs of eruption phenomena that occurred on
July 22 and August 7, and suggests mechanisms to ex-
plain them. The emphasis is on the pulsating nature of
the eruptions, the timing of pyroclastic density flow for-
mation relative to vertical-eruption column develop-
ment, and the generation and motion of pyroclastic

IThese two eruptions were also monitored by radar. For details of column heights and ash
content deduced by this method see Harris and others (1980, 1981).
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FIGURE 1.—Index map of the Mount St. Helens region.

flows and surges. Also considered are the emplacement
temperatures of pyroclastic-flow deposits, and phenom-
ena probably related to the displacement of air by an ad-
vancing pyroclastic density flow.
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TERMINOLOGY

A bewildering variety of names has been applied to
the types of flowage phenomena that are described in
this report. The same is true of the resulting deposits.
Here, the term pyroclastic flow is used to mean a hot,
dry density flow of gases and volcanic rock debris whose



CRATER GEOMETRY 3

density is similar to the density of the resulting deposit.
The deposit is termed a pyroclastic-flow deposit. The
term pyroclastic surge is used here to mean a hot, dry
density flow of gases and volcanic rock debris whose
density is much less than that of the resulting deposit,
which is called a pyroclastic-surge deposit. When used
without a modifier, “flow” is used as a synonym for
pyroclastic density flow; that is, as a nonspecific term
for pyroclastic flow or pyroclastic surge.

122012°30"

CRATER GEOMETRY

The paroxysmal events of May 18, 1980—failure of
the north side of the mountain, the resultant directed
blast, and subsequent plinian eruption (Christiansen
and Peterson, 1981)—produced a deep crater breached
to the north; this crater, U-shaped in plan, will be re-
ferred to as the amphitheater. A vent was situated at
the center of the crater floor (fig. 2). Prior to July 22, a
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FiGURE 2.—Topographic map of the area around the crater, dome (shaded), and north flank of
Mount St. Helens, prepared from photographs (USGS) taken on July 1, 1980. Contours and
elevations in feet; hachures indicate areas of topographic lows; 1 ft = 0.3048 m.
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circularly symmetric dome, whose diameter was about
325 m and whose maximum exposed thickness was
about 45 m, lay centered over the vent (fig. 2). This mass
was extruded after the explosive eruption of June 12
(Moore and others, 1981). A low, semicircular rampart
of ejecta spanned the crater breach north of the dome
(fig. 2). The rampart was roughly concentric to, and
about 250 m from, the dome center.

It is interesting to note that Mount Lamington,
Papua New Guinea, a volcano whose 1951-52 eruptive
sequence rather closely parallels the 1980-81 eruptions
at Mount St. Helens, had a crater geometry similar to
that described above, including a breach-spanning
rampart, at a correlative stage in the eruptive activity
(Taylor, 1958, p. 59).

ERUPTIONS OF JULY 22, 1980

On July 22, the beginning of the first of three eruptive
pulses was reported at 1714 PDT by U.S. Forest Service
observer Richard D. Denslinger from a fixed-wing air-
craft (unpub. records of the Gifford Pinchot National
Forest). Although U.S. Geological Survey field parties
were working near Mount St. Helens at the time of the
eruption, the north side of the mountain was largely
obscured from ground observation by a cloud layer. I
first observed and photographed the eruption through
broken clouds from a helicopter to the west of the moun-
tain at 1719 PDT. An unobstructed view just above the
cloud tops at 1722 PDT gave no indication that a pyro-
clastic flow or surge had occurred. However, a set
of seven untimed eruption photographs taken by
Denslinger from the northeast indicates otherwise.
Denslinger’s sequence probably begins within 2 min of
the onset of the eruption. This is several minutes before
I had a clear view. In addition to a voluminous, vertical-
eruption plume, his photographs show ash clouds rising
convectively from the amphitheater floor. This in-
dicates that at least one density flow was produced by
the first eruptive pulse. Because of obscuring at-
mospheric clouds, the northward limit of the ash clouds
cannot be located accurately, but it certainly did not ex-
ceed 2 km from the vent. Thus, compared to the density
flows produced by the succeeding eruptive pulses, this
flow was small. Denslinger’s photographs do not in-
clude the beginning of the eruption, so the timing of
flow formation relative to the onset of eruption is uncer-
tain. However, it is clear that the flow formed early and
might have formed at the beginning of the eruption.

The vigor of the eruption column waned quickly
(noticeably by 1719 PDT), and by 1732 the voluminous,
light-gray, ash-laden clouds of the early eruption had
been replaced by much less voluminous white steam

clouds. As the level of activity declined, visibility within
the amphitheater improved, so at 1757 PDT we flew
past the mouth of the amphitheater to observe the ef-
fects of the eruption. The floor of the amphitheater ap-
peared to be covered with new pyroclastic-flow deposits.
The northern part of the dome was still intact but, as
evidenced by the source of the steam clouds, it had been
disrupted somewhere between its center and southern
margin (fig. 3). At 1808 PDT Denslinger reported that
the center portion of the dome was missing? (unpub.
records of the Gifford Pinchot National Forest).

At 1814 PDT, it was necessary to leave the mountain
to refuel the helicopter; consequently, I was not present
for the start of the second eruptive pulse.

When the second eruptive pulse commenced at 1825
PDT, visibility in the vicinity of the vent was good. The
eruption was photographed until 1831 by James W.
Vallance from a U.S. Forest Service fixed-wing aircraft.
Vallance’s photographs show that the pulse began with
the appearance of a dark (ash-rich), colloform eruption
cloud (fig. 44). Within 30 s the expanding cloud filled
the entire amphitheater (figs. 4A4-J). However, it
showed little tendency to develop vertically; rather, col-
loform ash clouds rose convectively from a fountaining
suspension of gases and pyroclasts (figs. 4C-J). Projec-
tions of this ‘‘pyroclastic fountain” followed trajectories
with maximum heights of as much as (approximately)
800 m above the vent. (A projection is indicated with an
arrow on fig. 4H.) A growing pyroclastic density flow
was apparently initiated and fed by the projections as
they collided with the amphitheater floor. The flow
front is discernible on figures 4C and 4D, but is best
displayed on succeeding photographs of the sequence,
after the front emerges from the shadow obscuring the
amphitheater floor. (The flow front is indicated with a
dashed line on fig. 4H.) The flow front was initially
unembayed (or embayed on a fine scale) and roughly
semicircular in plan; the leading portion was centered on
the amphitheater floor (figs. 4D-F). When the flow front
reached a point about 1 km north of the ejecta rampart,
it became increasingly digitate with three well-defined
lobes at the center flanked by two or three others that
were less well formed (figs. 4G-J). About 30 s after the
start of the eruption, the flow front passed from view
beneath the atmospheric clouds. The mean velocity to
this point—about 1.2 km north of the vent—was about
40 m/s. Although the flow was now hidden from view,
its progress was marked by convecting ash clouds that
rose from it and penetrated the atmospheric cloud layer.
About 1 min after the start of the pulse, a vertical-

2After the eruptions of July 22, breadcrust bombs, some weighing more than 50 kg, were
found about 1.5 km northwest of the vent. These were probably fragments of the central part
of the dome that was explosively disrupted at the outset of the first eruptive pulse.
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the stagnating surge. The details of the early velocity
history could not be determined because of poor viewing
conditions. However, the mean velocity from the begin-
ning of fountain formation to the time that the flow
front first became clearly visible is 30 m/s. The velocity
was low when the flow front became clearly visible, so
the velocity shortly after fountain collapse must have
been greater than 30 m/s, which is about the highest
velocity determined from the clearly visible flow front
(fig. 13). Thus the highest velocity was probably
achieved soon after fountain collapse; this was followed
by a deceleration and a subsequent acceleration of the
flow front.

A second surge was probably initiated as the pyro-
clastic flow crossed an abrupt break in slope at the
1,650-m level. A third and final pyroclastic surge was in-
itiated as the pyroclastic flow descended the stair
steps—the steepest, most irregular part of the flow
path. In contrast to the first surge, which was derived
directly from the pyroclastic fountain, the second and
third surges were derived from the pyroclastic flow. The
acceleration/deceleration cycles of the second and third
surges are shown on figure 13.

The hypothetical inflation, segregation, separation,
and differential acceleration sequence is consistent with
the behavior of the ash-cloud protuberances that were
described previously in this report. The two major pro-
tuberances originated from the parts of the path that
were traversed by the postulated surge clouds. The
parts of the path in which only small ash clouds were
produced were traversed solely by the pyroclastic flow.
The ash cloud produced by the collapse of the pyroclas-
tic fountain could also be considered as a protuberance;
this merged upward into the vertical-eruption column
that developed after the pyroclastic fountain.

Little stratigraphic evidence is available to test the
proposed pyroclastic-flow/pyroclastic-surge relation-
ship. The flow of August 7 produced both pyroclastic-
surge and pyroclastic-flow deposits; the distribution of
the pyroclastic-flow deposits is known in detail, but lit-
tle is known of the distribution of the pyroclastic-surge
deposits. I identified surge deposits from the eruption of
August 7 at the apex of the pumice plain. The presence
of pyroclastic-surge deposits at this location is consist-
ent with my interpretation of the velocity data.

The possible genetic pyroclastic-flow/pyroclastic-
surge relationship during the eruption of August 7 is
consistent with the following models and observational

data.
1. Similar segregation and separation models have

previously been described by Fisher, 1976, 1979,
p- 311-313; Sparks and others, 1978, p. 1735; Wohletz
and Sheridan, 1979; Fisher and others, 1980, p. 475;
and Fisher and Heiken, 1982, p. 365-367.

2. Accounts of explosive stratovolcanic eruptions
indicate that flow separation is a common phenomenon
(for example, Anderson and Flett, 1903, p. 511; Mac-
Donald and Alcarez, 1956, p. 174; Moore and Melson,
1969, p. 616-617).

3. On the basis of stratigraphic relationships,
Sparks and others (1973) suggested that a pyroclastic
flow is often accompanied and preceded by a pyroclastic
surge.

4. A momentary pause in the rate of flow advance,
which follows an initial rapid advance, has been ob-
served at the outset of other eruptions (Perret, 1937,
p- 91-92). Such a pause was probably caused by the
deceleration of a pyroclastic surge, which was subse-
quently overtaken by a cogenetic pyroclastic flow. Both
the pyroclastic flow and pyroclastic surge are probably
generated simultaneously by a pyroclastic fountain.

The ingestion of air and resultant dilution of a flow
probably occurs wherever a flow passes over surfaces
whose relief is a significant fraction of the flow
thickness. This may occur on the flanks of the source
volcano or on the surrounding terrain. A pyroclastic
flow may thus spawn one or more pyroclastic surges at
locations remote from the volcano. This dilution prob-
ably occurs in pyroclastic surges as well as pyroclastic
flows. The ingestion of air by a pyroclastic surge would
increase the time that particles would be held in suspen-
sion and, thus, extend the lifetime and length of the
pyroclastic surge.
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APPENDIX.—DETERMINATION OF THE
VELOCITY OF THE PYROCLASTIC
DENSITY FLOW

Because the time intervals between photographs are
known to within 0.5 s, flow-velocity determination
was reduced to the problem of establishing the distance
covered by the flow front between successive exposures.
This is not a trivial problem. Except for a few photo-
graphs, insufficient landmarks are available to accu-
rately locate the position of the front on a topographic
map.

The photographs are 35-mm slides that were taken
with a hand-held, clock-equipped camera. The camera
was approximately horizontal and the aiming point was
approximately the same for all photographs. The first
slide was projected, and the flow front and salient
reference features (such as the silhouette of the moun-
tain) were traced onto a sheet of paper. On projections of
succeeding photographs, the paper was moved so that

the traced reference features were superimposed, then
the new position of the flow front was traced (as in
fig. 19).

The leading point of the flow front on each tracing
was identified; together these points constituted the
flow path. By inspection, this path was located on the
available topographic map that best represented the
topography at the time of eruption (fig. 15; shown
diagrammatically on fig. 20).

It was then necessary to prepare a topographic profile
that, ideally, would include the flow path and the point
from which the photographs were taken (Coldwater
Peak). Because these points do not all lie on a single
vertical plane, a vertical plane was chosen that included
the Coldwater Peak camera station and that passed
through an ‘“‘average” flow path chosen by inspection
(fig. 20). The topographic contours intersected by the
flow path were orthographically projected onto this
plane, then the profile (fig. 21) was constructed.

Lines were then drawn from each contour point on the
profile to the camera site. These lines represent the

FIGURE 19.—Procedure used to extract flow-front positions from photographs: a, tracings of flow margins as they appeared on successive
photographs; b, flow path determined by drawing a line through successive flow-front positions; ¢, topographic contours as veiwed
from the camera station; and d, vertical-projection plans as viewed from the camera station.
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paths of light rays to the camera. The next step was to
draw a vertical line to obtain its intersection points with
the rays. Any vertical line will do. Parallel lines with the
same spacings as the intersection points were placed on
a transparent overlay. These lines show the spacing be-
tween specific topographic contours traversed by the
flow front as seen from the camera station. The overlay
was then optically projected onto the composite tracing
of the flow fronts (fig. 19), and the scale was optically
adjusted until two or more flow-front positions of
known altitude matched the altitudes given by the
overlay points. The altitudes of all other flow-front trac-
ings were then read from the overlay. These altitudes
could now be found on the flow path (fig. 20), and the
distances between successive flow-front positions could
be determined.

The accuracy of the results was not significantly af-
fected by the selection of flow path or projection plane
because the altitudes of interest were similar to the
altitude of the Coldwater Peak camera site. Thus, as
seen from the camera station, topographic contour lines
traversed by the flow were essentially straight lines.
Varying the flow path or the position of the vertical-
projection plane would not significantly change the alti-
tude estimates. The uncertainty in the distance between
successive flow-front positions is estimated to be
+50 m (based on the uncertainty in locating flow-front
positions on the few photographs with adequate land-
marks). The resulting uncertainty in the velocity was
calculated according to the procedure of Volk (1958,
p. 141-145).

Camera station

FIGURE 20.—Diagrammatic topographic map illustrating construc-
tion of average vertical profile through flow path: a, flow path;
b, vertical-projection plane; ¢, topographic contour lines.
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Camera station

FIGURE 21.—Diagrammatic vertical profile through average flow path: a, topographic contour points used to construct the profile; b, vertical
line drawn through rays connecting camera station and topographic contour points; c, intersection points of vertical line and rays (used
to construct d); d, overlay showing the spacing between topographic contours traversed by the flow front as seen from the camera
station.

*U.S. GOVERNMENT PRINTING OFFICE: 1986-676-047:26016



