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Airborne measurements of particle
size distributions in noneruptive

volcanic emissions
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The size distributions of particles in the atmosphere play an
important role in determining their effects on atmospheric
processes. Volcanic emissions are an important source of these
particles. While violent, explosive, volcanic eruptions are the
most spectacular source of such particles, the much quieter,
semicontinuous emissions that emanate from some volcanoes
over periods of many years between eruptive activity are a
significant source of atmospheric particles (Stith, Hobbs, and
Radke 1978). In remote regions such as the Antarctic, semi-
continuous emissions take on heightened importance. This
article describes the data obtained from some airborne mea-
surements of particle size distributions in the semicontinuous
emissions from Mount Erebus, in the Antarctic, and from
several volcanoes in New Zealand; in addition, these mea-
surements are compared with measurements of emissions
from a number of volcanoes in the Northern Hemisphere.

It was with the dual intention of (1) increasing the number
of continuously emitting volcanoes being monitored and (2)
assessing their impact on remote locations that particle and
trace gas measuring equipment was added to the instrumen-
tation aboard the LC-130R aircraft used by the National Science
Foundation for scientific research in the Antarctic. The instru-
ments provided measurements of the distribution of particles
ranging from 0.09 to 10 micrometers in diameter, Aitken
nucleus concentrations, light scattering coefficients, and sulfur
gas concentrations.

Measurements were made in the emissions from the White
Island and Ngauruhoe volcanoes in New Zealand and from
Mount Erebus on Ross Island. These are strato-volcanoes with
similar recent histories of nearly continuous activity. Although
the emissions from all three volcanoes are visible, they were
visually quite different. White Island steamed vigorously and
produced a white, hazy plume. Mount Erebus almost certainly
had a lava lake within the crater and produced a persistent,
light blue plume. Ngauruhoe, the quietest of the three, pro-
duced only an intermittent sulfurous steam plume that was
nearly invisible after it had traveled a few hundred meters.

Despite these differences, the particle size distributions
measured in the emissions from these and other nonerupting
volcanic vents that have been studied appear remarkably simi-
lar. This can be seen in the data shown in figures 1 and 2. For
comparative purposes, the size distributions shown in these
two figures have been normalized to give the concentration at
the centerline of the plume at a distance of 10 kilometers from
the source (using the method described by Turner 1970).

Figure 1 shows the measurements for White Island and
Mount Erebus and the measurements from three volcanoes in
the Northern Hemisphere (Mount St. Augustine, Mount St.
Helens, and a volcanic maar in Alaska). All five of these vol-
canoes had erupted within about a year from the time the

Figure 1. Particle size distribution for the semicontinuous emis-
sions from five volcanoes that had erupted within about a year of
the measurement. in each case, the concentrations have been
normalized to centerline at 10 kilometers from the source. Curve
: Mount St. Augustine, Alaska, 17 February 1976 (from Stith,

Hobbs, and Radice 1978). Curve ii: Volcanic maar eruption near
Mount Peulik, Alaska, 9 April 1977 (from Stith at al. 1978). Curve
sF1: Mount St. Helens, Washington, 29 August 1980 (from Hobbs et
al. 1981). Curve Wi: White Island, New Zealand, 15 October 1980.
Curve : Mount Erebus, Ross Island, Antarctica, 5 November 1980.
N = number; D = particle diameter; CM-3 = per cubic centimeter;
gm =micrometers.

measurements shown in figure 1 were obtained. The shapes
of the five particle size distributions are rather similar (partic-
ularly over the diameter range 0.1-1 micrometer). The higher
particle concentrations at diameters greater than 1.0 microm-
eter in the emissions from White Island and Mount St. Augus-
tine suggest that these samples contained some ash. The color-
ation of the plume from Mount Erebus—and the fact that its
coloration depended on viewing angle— is certainly due to the
comparatively low concentrations of particles of sizes less than
- 0.1 micrometer. Chemical analysis of the Mount Erebus
aerosol showed its composition to be mainly sulfuric acid.

196 ANTARCTIC JOURNAL



106

io

10
E0
0

0

Z
100

102

10 2	100	 102

D (,am)

Figure 2 shows particle size distributions measured in the
emissions from Ngauruhoe and five noneruptive volcanic
emissions in the Northern Hemisphere. None of these volcan-
oes had erupted violently within less than 6 years of the time
emissions were measured.

Comparing the distributions shown in figures 1 and 2 it can
be seen that the concentrations of particles less than 0.1
micrometer in diameter are appreciably greater in the case of
volcanoes that had erupted more recently. These small particles
probably are due both to gas-to-particle conversion within
and near the source and to the products left behind after
"steam" droplets evaporate. The gas-to-particle conversion
mechanism probably dominates for the cases shown in figure
1, where the emission fluxes of sulfur gases were greater than
1 kilogram per second (except for the maar eruption, which
had a very large steam plume and only slight trace gas emis-
sions). The primary trace gas in the emissions from the vol-
canoes shown in figure 2 was hydrogen sulfide. This gas is
thought not to play a role in gas-to-particle conversion over
short transit distances. Therefore, it appears that more of the
particles in these plumes were mechanically ejected from the
volcanoes by the steam jets or were the products of evaporation
of steam and brine droplets.

The measurements from the plumes from the Icelandic vol-
canoes shown in figure 2 are exceptional in that both the
concentrations or particles and trace gas in these plumes were
low, despite average fluxes of steam.

The observations of noneruptive volcanic emissions
described in this article should help define the range of emis-
sions and the impact on the troposphere of the more than one
hundred similar sources worldwide.

Measurements in New Zealand and Antarctica were sup-
ported by National Science Foundation grant DPP 79-20857. I
thank J . Russell, field engineer, and the VXE-6 crews who flew
and maintained the aircraft. I also thank Peter V. Hobbs for
his scientific advice and J . Lyons for help with data reduction.
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Figure 2. Particle size distributions for the semicontinuous emis-
sions from five volcanoes that had not erupted recently. In each
case, the concentrations have been normalized to centerline at 10
kilometers from the source. Curve MAG: Mount Mageik, Alaska, 21
April 1977 (from Stith, Hobbs, and Radke 1978). Curve MAR: Mount
Martin, Alaska, 21 April 1977 (from Stith, Hobbs, and Radke 1978).
Curve : Ngauruhoe, New Zealand, 23 October 1980. Curve a:
Mount Baker, Washington, 30 June 1976 (from Radke, Hobbs, and
Stith 1976). Curve : Kverkfjoll, Iceland, 25 June 1979. Curve :
near Laufafell, Iceland, 25 June 1979. (Abbreviations on axes are
explained in figure 1.)
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