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Surface Features of
Metallic Spherules

Abstract: Metallic spherules of vari-
able character have been recovered
from Antarctic snow. Three types were
recognized from their surface features:
type I, smooth, polished spherules, ap-
parently produced by surface melting
of the particles upon entry into the
earth’s atmosphere; type Il, spherules
with a corrugated surface caused by
differential hardness of internal, inter-
secting lamellae, but modified by super-
imposed pits; and type Ill, spherules
with random, circular depressions or
pits apparently resulting from impact
with submicroscopic particles. Spher-
ules of types Il and III were too small
to have suffered abrasion by impacts in
the earth’s atmosphere, and it is postu-
lated that their surfaces may have been
produced by erosion in space. Pres-
ervation of these surface details would
have been possible if entry into the
atmosphere took place at low velocities
and low-angle trajectories.

Murray (I) was the first to recog-
nize surface details on metallic spher-
ules of extraterrestrial origin. He
noted that some spherules possessed
a large surface depression or ‘“cu-
pule,” while others had a “crystalline”
surface or ‘“granular” appearance.
Later, Buddhue (2) reported the dis-
covery of similar metallic spherules
with “a number of shallow, dimplelike
depressions,” but noted that otherwise
their surfaces were smooth and shiny.
To investigate the surface features of
such particles further, we examined,
under optical and electron microscopes,
samples recovered from Antarctic snow.

The metallic spherules studied were
selected as representative of those
which occur in the snow of the
southern Antarctic Peninsula region
(Ellsworth Land) (3). Electron probe
analyses of apparently identical mate-
rial indicated the following elemental
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composition: Fe, 65 to 70 percent;
Mn, 1 to 2 percent; Ti, trace; Si, trace.
These results correspond to the compo-
sition of the mineral magnetite, which
was found to be the primary mineral-
ogical component by mineragraphic
and x-ray tests. The spherules were
microscopic in dimensions, the average
size being only about 40 p in diameter.
Their surface features are at least two
orders of magnitude smaller. Three
types of spherules were recognized
from surface features: type I, smooth,
polished spherules with no apparent
surface detail; type II, spherules of
lower luster and a corrugated surface,
comprised of two regular sets of lamel-
lae; these lamellae intersect at approxi-
mately right angles and show pro-
nounced relief, creating surface “ridges”
and “furrows”; type III, spherules of
variable luster, with randomly oriented,
approximately circular depressions or
“pits.” In the samples examined, spher-
ules which displayed surface features
(types II and III) were on the order
of three times more abundant than
those which did not (type I).

Figure 1 shows an optical micro-
graph of a type-II spherule under high
magnification. Unfortunately, it was
only possible to bring a small portion
of the spherule into focus. Nonetheless,
the figure shows the regular pattern of
intersecting lamellae characteristic of
this spherule type. The relief between
adjacent lamellae is clearly demon-
strated by the shadow patterns.

Details of the surface microtopog-
raphy of type-Il and -III spherules
were studied under the electron micro-
scope by the carbon replication tech-
nique (4). The spherules were care-
fully transferred to a clean, thin, glass

Fig. 1. Optical micrograph of type II

metallic spherule
Antarctic
X 3000]

from Station 496,
Peninsula Traverse. [about

Fig. 2. Electron micrograph of type-II
metallic spherule from Station 464, Ant-
arctic Peninsula Traverse.

cover slip by a fine, sable-hair brush
wetted with ethanol. They were then
preshadowed in vacuo with platinum in
two directions mutually perpendicular
to one another at an angle of incidence
of about 45°, and then carbon was
evaporated over the specimen. The
glass slide and spherules were dissolved
from the replica by floating them over
several changes of HF and HCl. The
resulting carbon replica film was
washed in distilled water and lifted onto
a 200-mesh grid; electron micrographs
were made of representative fields, with
a Siemens Elmiskop I instrument.

Figure 2 shows part of the surface
structure of a type-II spherule at a
magnification equivalent to visual ex-
amination of a portion of a sphere sev-
eral meters in diameter. As in Fig. 1,
two sets of lamellae which intersect ap-
proximately at right angles can be ob-
served. Each lamella is about 0.5 p in
width. In addition, Fig. 2 reveals the
presence of shallow, circular depres-
sions or pits superimposed on the la-
mellar - pattern. Polished surfaces of
individual spherules revealed that min-
eralogical components of the spherules
occurred as lamellae which oriented in
at least two directions. It would ap-
pear that the regular array of surface
features on type-II spherules is a mani-
festation of their internal lamellae; dif-
ferential hardness of the lamellae com-
prising the spherules probably produced
the surface relief.

Figure 3 shows part of a type-III
spherule. Roughly circular pits with
steep, ridge-margined walls and level .
floors are randomly scattered over its
surface. Some pits appear to overlap,
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Fig. 3. Electron micrograph of type-III
metallic spherule from Station 224, Ant-
arctic Peninsula Traverse.

but most are separated from their
neighbors by at least a thin wall. Most
of the pits are about 0.5 u in diameter,
although a few shallower pits about
0.1 pu across are present. The larger
pits often show an intricate internal
structure. In many cases, a complex,
deeper area is located near one side of
the pits. In view of the random oc-
currence and diverse character of the
surface pits, it would be difficult to
maintain that they were produced by
internal features of the spherules. Per-
haps the pits represent impacts of sub-
microscopic particles upon the micro-
scopic spherules while in space.

If it is assumed that the type-III
spherules may have resulted from im-
pact of smaller particles with the spher-
ules, it is possible to estimate the di-
ameter of impacting particles by the
equation of Charters and Summers (5),
using the measured dimensions of the
pits and spherule density (6):

_ ﬂ 2/3 (L 2/3
de = 2(2.28) (p) Vs) d

The diameter of impacting particles
which could produce such pits was
found to be about 0.04 u. It is inter-
esting that Hemenway et al. (7) found
extremely small (about 0.01 u in diam-
eter), high-density particles, or “nano-
meteorites,” to exist in large quantities
at high altitudes over Antarctica. Par-
ticles of the proper size are thus pres-

ent, but it remains to be proved that .

impact of these particles upon the
surfaces of the larger spherules while
in space could have produced the pits
observed.
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We consider it unlikely that terres-
trial corrosion could have produced the
surface features. These spherules were
recovered from snows of recent age
(less than 25 years old), which were
kept frozen until processed in our labo-
ratory. Corrosion would have been
impeded by the short time that tem-
perature-reduced chemical reactions
could have proceeded. Furthermore,
no reagent stronger than ethanol was
applied to the spherules prior to exam-
ination under the optical microscope.
Techniques employed in spherule ma-
nipulation or mounting could hardly be
responsible for the surface features,
because the instruments used were
many times larger than the entire spher-
ules. Abrasion of one spherule against
another during processing could not
have produced the surface textures.
Because of their small size, a cushion
of air would prevent contact and abra-
sion between spherules (8).

The smooth surfaces of type-I spher-
ules were apparently produced by
surface melting upon entry into the
earth’s atmosphere. Under Krinov’s
definitions (9), these would be consid-
ered micrometeorites. 1f, on the other
hand, the surface details of type-II and
type-III spherules were produced by
erosion in space and were preserved
during passage through the earth’s at-
mosphere, these particles would be con-
sidered cosmic dust; their form being
unchanged from what it was in space.
However, type-II and type-III spher-
ules are about an order of magnitude
larger than particles normally consid-
ered cosmic dust. For these particles
to have been preserved during entry,
they must have traveled at low veloci-
ties and low-angle trajectories (10).
It is possible that this requirement
could have been satisfied, as low veloc-
ities of dust particles in the earth’s
dust cloud were demonstrated by Dole
(11), and low-angle trajectories for
atmospheric entry were described by
O’Keefe (12).

If the surface details of type-II and
type-II1 spherules were produced by
space erosion, it would appear that
surfaces in space may be considerably
attacked over extended periods of time
(13).
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Late Twilight Glow of the
Ash Stratum from the Eruption
of Agung Volcano

Abstract. Observation of the height
of the dust layer responsible for the
onset of brilliant sunsets in the 30°N
zone since September 1963 gives evi-
dence that the ash has diffused from
the eruption of the volcano Agung on
Bali. A height of 22 km is derived for
the top of the primary stratum.

Since early September 1963 the ap-
pearance of strong coloration of the
clear sunset and sunrise sky has given
evidence that the ash from the eruption
of the volcano Agung on Bali (8°25” S)
has diffused into the northern hemi-
sphere. We have had the opportunity to
observe the growth of the brilliant gold
sunsets from our surveillance of the
twilight sky for noctilucent clouds, a
task aided by the very clear atmosphere
of the Southwestern states. The pres-
ence of the glow stratum became quite
conspicuous late in September, particu-
larly because of its asymmetry with
respect to the position of the sun. On
29 and 30 September the glow was
centered 10° to 20° south of the solar
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