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Microspherules in snow and ice-fog crystals have been stud-
ied by electron microscopy. Microspherules, which are col-
lected by snow through nucleation and scavenging processes in
the atmosphere, are of terrestrial and extraterrestrial origin and
were either precipitated with snow or by dry fall-out. They were
generally found in percent of the snow crystals sampled at
various remote areas in the Northern Hemisphere, but they
were not found during an examination of 93 snow crystals
sampled at the South Pole (Kumai 1976). King and Wagstaff
(1980), however, observed andesitic microspherules and iron
microspherules in firn from the South Pole in the layer estimat-
ed to have been deposited in 1833. The elemental compositions
of microspherules in snow crystals from Antarctica have not yet
been reported.

This paper presents the results of an investigation of micro-
spherules found is snow and pack ice from the Weddell Sea,
Antarctica, collected during the U.S-U.S.S.R. Weddell Polynya
Expedition, 1981 (Gordon 1982; Clarke and Ackley 1982) by
Ackley and Clarke. Elemental composition, size, and con-
centration of microspherules were determined using a scanning
electron microscope (sEM) and energy dispersive x-ray analysis
(EDXA). In this report, we show typical textures of micro-
spherules and compare these with those found in snow and ice-
fog crystals sampled from the Northern Hemisphere.

Temperatures in the Weddell Sea ranged from + 2 to - 14°C,
and the pack ice was covered with a layer of snow 10-30 cen-
timeters in depth during October-November 1981. Snow sam-
ples from the pack-ice surface and an ice core sampled using a
7.6 centimeter diameter ice coring auger were collected in the
Weddell Sea, (60°17'S 0°15'E); see Gordon 1982 for other sam-
pling locations.

For SEM examination of microspherules, a snow sample and a
snow-ice sample (10-N/K; Clarke and Ackley 1982) of 20 grams
each were obtained from the surface of the pack ice. A sea-ice
core (with the snowcover removed) 54 centimeters in length
(core 22-10/N; Clarke and Ackley 1982) was also prepared for
SEM examination to compare with the snow and snow-ice sam-
ples. The samples were melted and filtered through a polycar-
bonate membrane filter having a pore diameter of 1.0 microme-
ter. They were then rinsed with distilled water to remove any
salt. Microspherules remained on the filters, and were coated
with gold-palladium (60:40) vapor to a thickness of about 100 A
in a vacuum chamber and were subsequently examined under
the SEM. The limit of detection for elemental analysis was deter-
mined using standard clay minerals and was found to be 0.1
percent for sodium and potassium and 0.01 percent for iron.
Elemental composition of microspherules were measured using

the EDXA by area or spot analysis at an accelerating voltage of 20
kilovolts.

In this study, 23 microspherules were found in the snow
sample from the Weddell Sea and 6 from the snow-ice sample.
The mass of a snow crystal ranges from 10 to 10 1 grams, and
the mean mass is 3.8 x 10 1 grams in snowfalls at temperatures
from —4 to - 10°C (Kumai and 1-liguchi 1952). From this esti-
mate the number of snow crystals in the 20 gram snow sample
from the Weddell Sea is calculated at about 5.3 x 10 5 crystals.
The concentration of microspherules in the snow samples from
the Weddell Sea are therefore calculated to be approximately
10-3 percent. In the Northern Hemisphere, the concentration of
microspherules in snow crystals ranged from 1 to 2 percent
(table 1). Thus, the concentration of microspherules in the snow

Figure 1. Iron-rich microspherule (a); the elemental analysis by
energy dispersing X-ray(b) indicates that the microspherule Is pos-
sibly a product of atmospheric ablation of a sporadic meteoroid. The
specimen is coated with gold and palladium.
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Table 1. Concentrations of microspherules found in snow and ice-fog crystals from various locations

Ratio of microspherules to	Percent of
Year	 Location	 snow crystals	 microspherule	 Observer

Snow Crystals
1956	 Mt. Tokachi, Hokkaido	 2 out of 202	 1	 Kumai
1959	 Houghton, Michigan	 5 out of 271	 1.8	 Kumai
1960	 Site 2, Greenland	 7 out of 356	 2.0	 Kumai
1976	 South Pole	 0 out of 93	 0	 Kumai

Total	 14 out of 922	 1.5	 Kumai

Ice-fog crystals
1962-1963	 Fairbanks, Alaska	 4 out of 542	 0.7	 Kumai
1964	 Belson, Alaska	 5 out of 116	 4.3	 Kumai

Total	 9 out of 658	 1.3	 Kumai

Snow crystals
1981	 Weddell Sea	 23 out of 20 gramsa	10	 This paper

Snow ice 
1981	 Weddell Sea	 6 out of 20 grams	 -10	 This paper

Pack ice
1981	 Weddell Sea	 3 out of 20 grams	 --10 4	 This paper

a We estimate 5.3 x 105 snow crystals in 20 grams of typical' snow.
This sample was taken from snow infiltrated with sea water and then frozen.

sample from the Weddell Sea is three orders of magnitude	the ice core was half the value for the snow-ice sample and
smaller than that of the Northern Hemisphere. This indicates	approximately 1/8 that of the snow sample. This indicates that the
that the concentration of microspherules in the atomsphere of	concentration of microspherules in the samples was increased
the Southern Hemisphere may be three orders of magnitude	with the number of snow crystals in the samples.
less than that of the Northern Hemisphere. On the other hand,	Elemental compositions of the nine microspherules found in
three microspherules were found in 20 grams of ice core from	the snow ice and pack-ice samples were examined by SEM and
the Weddell Sea. Thus the concentration of microspherules in	EDXA, and the results are shown in table 2, There were two iron,

Table 2. Energy dispersive X-ray analysis (percentage of weight) of microspherules found In snow-Ice and pack-Ice samples from the
Weddell Sea

Microspherule Specimen Number

Element	 1799	1899	1665	1896	1851	1819	1865	1693	1888
(snow	(pack	(snow	(pack	(snow	(snow	(snow	(snow	(pack

ice)	ice)	ice)	ice)	ice)	ice)	ice)	ice)	ice)

Sodium	 1.0	1.0	2.1	47	 10.8	1.3	1.1	1.0
Magnesium	 2.0	1.0	8.3	5.2	0.9	15.9	-	2.9	4.0
Aluminum	 4.0	3.1	10.4	10.8	22.6	15.9	32.9	27.0	32.5
Silicon	 5.0	7.3	23.6	10.8	69.6	57.5	50.6	46.0	40.0
Phosphorus	 -	-	-	-	-	-	-	-	-
Sulfur	 -	-	-	-	-	-	-	-	-
Chloride	 5.0	-	-	8.4	-	-	-	-	4.0
Potassium	 -	-	-	4.7	6.9	-	6.9	8.6	7.5
Calcium	 3.0	-	-	4.7	-	-	1.9	4.0	-
Titanium	 -	-	55.5	37.6	-	-	1.9	2.9	-

Chromium	 -	-	-	-	-	-	-	-	-
Manganese	 -	-	-	-	-	-	1.9	-	-
Iron	 80.0	83.3	-	6.1	-	-	3.2	4.6	7.0
Cobalt	 -	-	-	-	-	-	-	-	-
Nickel	 -	-	-	-	-	-	-	-	-
Copper	 -	4.2	-	7.0	-	-	-	2.9	4.0
Lead	 -	-	-	-	-	-	-	-	-
Total	 100.0	99.9	99.9	100.0	100.0	100.1	100.0	100.0	100.0

Diameter	 4.9	12.4	8.4	9.2	12.3	7.4	7.4	2.4	8.5

In micrometers.
I Dashes denote "zero."
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Figure 2. Titanium-rich microspheruie (a) and the elemental analy-
sis by energy dispersing X-ray(b) indicates that the microspherule is
possibly a fly ash. The specimen is coated with gold and palladium.

Figure 3. Silicon rich microspherule (a), and the elemental analysis
by energy dispersing X-ray(b) indicates that the microspherule is
possibly fly ash. The specimen is coated with gold and palladium.

two titanium, and five silicon rich microspherules, and their
diameters ranged from 2.4 to 12.4 micrometers The iron micro-
spherules were 80 and 83 percent iron with minor elements
such as silicon, chlorine, aluminum, calcium, magnesium, and
sodium comprising less than 7 percent, as shown in figure 1 and
table 2. These iron-rich microspherules were different in ele-
mental composition, morphology, and size range from those
formed by solidification of iron spattered during a welding
operation (McCrone, Brown, and Stewart 1980) and also from
fly ash from coal burning electric power plants (Kumai 1977).
However, these iron-rich microspherules from the Weddell Sea
(figure 1) are quite similar in crystalline structure, morphology,

and size range to those found in the ice core from the South Pole
by King and Waggstaff (1980) which are considered to be of
extraterrestrial origin. According to King and Wagstaff these
microspherules are possibly a product of ablation in the at-
mosphere of a sporadic meteoroid.

The two titanium-rich rnicrospherules were 37 and 55 percent
titanium with minor elements such as silicon, aluminum, mag-
nesium, chloride, potassium, calcium, iron, and copper. Many
submicron particles were observed on the surface of the micro-
spherules (figure 2). The titanium-rich microspherules (figure
2) are quite similar in elemental compositions, morphology, and
size range to microspherules found in fly ash from electric
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power plants using coal (Kumai 1977).
Four silicon-rich microspherules were 40 to 70 percent silicon

with minor elements of aluminum, magnesium, sodium, po-
tassium, calcium, titanium, chlorine, iron, manganese, and
copper. The microspherules were 2 to 12 micrometers in diame-
ter, and many submicron particles were found on the surface
(figure 3). These silicon-rich microspherules (figure 3) are more
similar in morphology, elemental composition, and size range
to microspherules in fly ash from coal burning electric power
plants than those from volcanic ash.

In this investigation, only a few microspherules were found
in approximately 100,000 snow crystals formed in the at-
mosphere over the Weddell Sea in comparison to one in about
100 snow crystals from various remote areas in the Northern
Hemisphere. This indicates that the concentration of micro-
sherules in the Antarctic may be three orders of magnitude
smaller than the concentration found in the Northern Hemi-
sphere (table 1 and Kumai 1976). Silicon- and titanium-rich
microspherules from the Weddell Sea were similar to those
found in fly ash of terrestrial origin. The iron rich micro-
spherules from the Weddell Sea were tentatively identified to be
of extraterrestrial origin.
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