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Sulfate constitutes a significant fraction of the antarctic aero-
sol. The source of this sulfate is uncertain (Boutron and Delmas
1980; Herron 1982; Maenhaut et al. 1979; Shaw 1979, 1980).
Mount Erebus, on Ross Island, once was considered a possible
source, but preliminary measurements led to the conclusion
that its contribution is insignificant (Polian and Lambert 1979;
Shaw 1979). Recent, more detailed measurements, which I car-
ried out aboard the LC-130R aircraft operated by the Navy for
the National Science Foundation, indicate that this conclusion
should be reconsidered.

Mount Erebus, a 3,794-meter composite volcano, is the only
antarctic volcano south of 63° latitude that is currently emitting
significant amounts of trace gases and particles (Polian and
Lambert 1979). Its crater is always filled with magma, and there
are numerous active fumaroles and vents throughout the crater
area. Mount Erebus is noted for its lava lake and for long periods
of minor strombolian eruptive activity. Sir James C. Ross noted
its extended plume in 1841, as did Robert F Scott in 1902 (Quar-
termain 1967). However, the volcanic activity of Mount Erebus is
quite variable (Kyle, Giggenbach, and Keys 1976). During obser-
vations in November 1980, the plume from Mount Erebus was
visible on every fair day and sometimes could be seen extending
up to 100 kilometers from the mountain.

To obtain quantitative estimates of the fluxes of particles and
gases, measurements were taken as the LC-130R repeatedly

traversed the plume of effluents, from top to bottom in vertical
sections normal to the axis of the plume. The plume's cross-
sectional dimensions were determined by means of continuous
measurements of either Aitken nuclei or sulfur gases. These
continuous measurements also were used to trigger bag sam-
pling of the effluents near the plume's center. The sulfur gas
analyzer could sample either from the bag or from the free air
stream. The total output of the various substances per second
(the flux) can be conceptually considered to be merely the cross-
sectional area times the wind speed times the concentration.
The wind speed was measured with the aircraft's inertial navi-
gator. This technique has been employed successfully in other
studies of volcanic plumes (Radke, Hobbs, and Stith 1976; Stith,
Hobbs, and Radke 1978); given steady-state emissions, it yields
good results when the atmospheric stability is neutral to stable
and in moderate winds.

Most of the particles in the plume from Mount Erebus were
approximately 0.1 micrometer in diameter (Radke in press). For
particles greater than 1 micrometer in diameter, the plume and
ambient samples were indistinguishable.

Estimates of the emission fluxes of various materials from
Mount Erebus as well as from other volcanoes are shown in the
table. The data for White Island, St. Augustine, Kverkfjol, and
Mt. St. Helens were collected by members of the University of
Washington's Cloud and Aerosol Group (see, e.g., Hobbs et al.
in press; Stith et al. 1978) using instruments and techniques
similar to those used in the present study. The Mt. Etna data
were deduced by Zettwoog and Haulet (1978) from correlation
spectrometer measurements. The measurements of Faivre-
Pierret (1979) and Polian and Lambert (1979) were obtained by
using treated filters at the crater rim and by visual estimates of
the vent emission velocity.

The sulfur gases emitted from Mount Erebus were almost
entirely sulfur dioxide (SO2). On the flights for which fluxes
estimates were made, the SO2 emissions ranged from 0.4 to 1.8
kilograms per second (or an average of 40,000 tons per year
expressed as sulfate). The corresponding particle fluxes ranged

Fluxes of emissions from Mount Erebus compared with fluxes of posteruptive emissions from other volcanoes

Flux of	 Flux of	 Total flux
sulfur dioxide	particulate sulfate	of particles
(kilograms per	(kilograms per	(number

Volcano	 Date	 second)	 second)	 per second)
	

Reference

Mount Erebus

White Island
(New Zealand)

St. Augustine
(Alaska, USA)

Mt. Etna
(Italy)

Kverkfjol
(Iceland)

Mt. St. Helens
(Washington, USA)

5 Nov 1980
8 Nov 1980

14 Nov 1980
1978
1978

15 Oct 1980

22 Apr 1977

May 1979

25 Jun 1980

Sep—Dec 1980

	

_a	 3.4 x 10 16	this study

	

-	 1.2 x 1016	this study

	

0.06	 6.6 x 1015	this study

	

-	 -	Faivre-Pierret 1978
---0.001	 -	Polian and Lambert 1979

	

4 x 1018
	

this study

	

6.0 x 1015
	

Stith et al. 1978

Zettwoog and Haulet 1978

	

6 x 1014
	

this study

	

0.1-1
	

4 x 105 _	Hobbs et at. in press
4 x 1017

1.80
0.45
0.40
0.019
0.02
1.75

0.3

12-14

0.03

0.1-40

8Dashes indicate not determined or unknown.
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from 6.6 x 1015 to 3.4 x 1016 per second. Using the measured
plume characteristics for 14 November 1980, the sulfate aerosol
flux, derived from the filter samples, was estimated at 0.06
kilograms per second (or 2,000 tons per year).

My estimates of the sulfur emission fluxes from Mount
Erebus are substantially greater than estimates by Faivre-Pierret
(1978) and by Polian and Lambert (1979). Polian and Lambert
estimated that .001 ton of sulfate [SO2 + particulate sulfate
(SO] is emitted by Mount Erebus each year. Since the estimat-
ed total sulfate budget for Antarctica is 130,000 to 200,000 tons
per year (Boutron personal communication; Shaw 1980), Polian
and Lambert concluded that the emissions from Mount Erebus
were unimportant in the sulfate budget of Antarctica. Ob-
viously this conclusion must be reexamined in the light of my
measurement of 42,000 tons per year of total sulfate emissions
from Mount Erebus. If my measurements are representative,
then as much as 32 percent of the antarctic total sulfate budget
could be provided by Mount Erebus.
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grant DPP 79-20857. Thanks are due J . Russell, field engineer,
and the VXE-6 flight crews. I also thank Peter V. Hobbs for his
scientific advice and J. Lyons for help with data reduction. This
is contribution 649 of the University of Washington At-
mospheric Sciences Department.
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Biogenic nuclei involvement in clouds
over the Ross Ice Shelf
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The antarctic coastal clouds that form as a result of advection
of marine air over the Ross Ice Shelf were investigated during
October-November 1980. Measurements of the spatial and tem-
poral distribution of Aitken and cloud condensation nuclei con-
centration in the subcloud layer have been reported elsewhere
(Saxena 1981; Saxena and Baier 1981). This article presents the
results of analysis of the chemical composition of the cloud
water.

Samples of the cloud water were collected at around 75°53'S
172°20'E during a ifight of the LC-130 in November 1980. A

semicylindrical Teflon probe, 45.7 centimeters long and having
an outside diameter of 3.2 centimeters, was projected through
the sextant hole in the cockpit. The probe projected well beyond
the surface boundary layer at the aircraft's cruising speed. The
supercooled water droplets froze upon impact on the Teflon
probe, enabling collection of cloud water in a solid phase (in a
clear plastic bag). Prior to sampling, the probe was thoroughly
rinsed with distilled, deionized water and dried.

The cloud water samples were analyzed with a Perkin-Elmer
infrared spectrophotometer, an electron microscope, and an X-
ray energy dispersion spectrometer. An algae grew on cloud
water allowed to stand at 20°C under diffused sunlight for 4
weeks. An electron micrograph of this algae is shown in figure 1
(top). Also shown (figure 1, bottom) is the X-ray energy-disper-
sive analysis of the specimen. For the analysis, the water was
allowed to dry on the face of a scrupulously cleaned germanium
internal-reflection prism. The right-hand peak is characteristic
of germanium. Elemental composition consisted of aluminum,
silicon, sulfur, chlorine, and potassium. The abundance of sil-
icon and potassium was about the same; sulfur apparently was
the most abundant. Mount Erebus, an active volcano, is the
only natural source of sulfur on the Antarctic Continent. Pre-
vious findings (Cadle et al. 1968) have led to the hypothesis that
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