windblown dust or perhaps tephra layers
from nearby volcanoes and must origi-
nate in the snow accumulation zone.
They dip upglacier as expected and oc-
cur close to, as well as at least 30 km
from, the ice front. Some bands show
small-scale concentration variations,
which may be expected from deposition
around sastrugi (‘‘snow dunes’’) or with-
in ripple troughs. Because of this and
because they contain only very fine ma-
terial in nearly uniform bands they are
not considered to be Thule-Baffin mo-
raines. The dust bands that crop out can
be traced, and no offsets or folds were
found. The bands are exposed farther
down-glacier in valleys in the ice sur-
face, as expected from faster flow be-
tween obstacles in the glacial bed. The
continuity and form of the dust bands
support our simple model for ice flow
and indicate that the ice is in stratigraph-
ic order.

The calculations suggest that this part
of the ice sheet has been approximately
steady for some 600,000 years, during a
time when other glaciers waxed and
waned dramatically. There is also proba-
bly a long stratigraphic record of ice
exposed near the Allan Hills. What this
ice and its contained air and impurities
will reveal about past changes in climate,
ice sheet flow, atmospheric composition,
and volcanic activity is yet to be deter-
mined. Such a record is without parallel
and is intermediate in character between
the more detailed but shorter term ice
core records and the coarser sea floor

. and palynologic records.
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Eccentric Ringlet in the Maxwell Gap at 1.45 Saturn Radii:

Multi-Instrument Voyager Observations

Abstract. The Voyager spacecraft observed a narrow, eccentric ringlet in the
Maxwell gap (1.45 Saturn radii) in Saturn’s rings. Intercomparison of the Voyager
imaging, photopolarimeter, ultraviolet spectrometer, and radio science observations
yields results not available from individual observations. The width of the ringlet
varies from about 30 to about 100 kilometers, its edges are sharp on a radial scale
< I kilometer, and its opacity exhibits a double peak near the center. The shape and
width of the ringlet are consistent with a set of uniformly precessing, confocal
ellipses with foci at Saturn’s center of mass. The ringlet precesses as a unit at a rate
consistent with the known dynamical oblateness of Saturn; the lack of differential
precession across the ringlet yields a ringlet mass of about 5 x 10’8 grams. The ratio
of surface mass density to particle cross-sectional area is about five times smaller
than values obtained elsewhere in the Saturn ring system, indicating a relatively
larger fraction of small particles. Also, comparison of the measured transmission of
the ringlet at radio, visible, and ultraviolet wavelengths indicates that about half of
the total extinction is due to particles smaller than 1 centimeter in radius, in contrast
even with nearby regions of the C ring. However, the color and brightness of the
ringlet material are not measurably different from those of nearby C ring particles.
We find this ringlet is similar to several of the rings of Uranus.

Images of Saturn’s rings obtained by
the Voyager cameras showed several
eccentric features, including an elliptical
ringlet in an otherwise clear gap at about
1.45 Saturn radii (I, 2) which is now
called the Maxwell gap. In addition, we
now have occultation studies of this fea-
ture at several wavelengths. Voyager 1
carried out a microwave occultation with
the dual-frequency spacecraft transmit-
ter as a source and reception on the
ground (3); on Voyager 2, the star d-
Scorpii was observed by the ultraviolet
spectrometer (UVS) (4) and the photopo-
larimeter (PPS) (5) as it was occulted by
the rings. We briefly discuss these obser-
vations and draw conclusions regarding
(i) the size of the ring particles, (ii) the
distribution of material within the ring-
let, and (iii) the total mass. Derived
quantities are compared with other ring
features.

The most detailed Voyager images of
ring C had resolution of about 5 to 7 km
per line pair (I, 2). The photometric
brightness and the optical depth from the

stellar occultation determine that the
particle visible reflectivity is 0.26. This is
indistinguishable from the surrounding
material, we find no significant differ-
ence in particle color or particle albedo
between this feature and surrounding C
ring, in contrast with earlier reports (6).

The radio occultation experiment mea-
sured the rings’ optical depth at wave-
lengths of 3.6-and 13 cm (3). Previous
results have been limited to a resolution
of about 15 km (the Fresnel zone size at
the ring). It is now possible to partially
remove the diffraction effects for select-
ed parts of the rings by applying an
inverse Fresnel transform to the signal
(7). The improved resolution is on the
order of 1 km, although the data shown
below have been smoothed to 10 km
resolution.

On Voyager 2, the UVS and PPS in-
struments simultaneously observed the
occultation of 3-Scorpii (HD 143275,
B0.5 IV) by the rings. The UVS mea-
sured the extinction due to the ring at
1125 A with a spatial resolution of about
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3.5 km. The normal optical depth is
found after removing a small background
signal (< 1 percent) induced by energetic
electrons in Saturn’s magnetosphere,
and correcting for variations in space-
craft pointing (8). The PPS measured the
extinction of d-Scorpii at 2650 A with
successive points separated by about 100
m in distance from Saturn (5, 9). The
PPS results for optical depth may be
somewhat more uncertain than UVS re-
sults because the background counting
level for the PPS instrument was large
(~ 28 percent of the star brightness).

Preliminary comparisons of the occul-
tation data revealed differences in the
radial scales determined by the various
investigators. Voyager 2 PPS and UVS
observations were in agreement with
each other, but the Voyager 1 radio
science (RSS) and UVS were not con-
sistent with Voyager 2 observations
within the estimated uncertainties in
spacecraft position and pointing knowl-
edge. This problem has been corrected
by attributing all of the discrepancy to
the uncertainty in the location of Sat-
urn’s pole and solving for a new pole
position. The new value of the pole
brings all occultation observations into
alignment within about 10 km for fea-
tures believed to be circular (/10).

Figure 1 provides a comparison be-
tween the PPS and UVS observations,
where the PPS curve has been smoothed
to an equivalent resolution of 1 km. The
two observations agree over most of the
region. We attribute the discrepancy
near the core of the ringlet to systematic
errors in the removal of the background
intensity Iz, which are accentuated at
the larger values of optical depth. This
problem does not affect the fine structure
of the curves shown or the details of the
curves for optical depth 7 =< 1, since the
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Fig. 1. Normal optical depth at wavelengths
of ~ 1125 and 2640 A from Voyager 2 stellar
occultations. The resolution is 3.5 km at
~ 1125 A (UVS) and 1.0 km at 2640 A (PPS).
The differences at large optical depth are
probably exaggerated due to errors in removal
of baseline intensity (see text).

58

1.60 . T 3.20
£ Maxwell *HXS
= L __
g 120 ringlet <240 £
3 3
= ©
2 0.80 4160 £

Q

‘6 o
s 2
> K
£ o401 ~0.80
o

0.00 L= 0.00

PO
87,440 87,480 87,520 87,560
Distance (km)

Fig. 2. The normal optical depth at wave-
lengths of 1125 A and 13 cm from Voyager
stellar and radio occultations. The radio curve
has been scaled to the UVS width to compen-
sate for difference in observing conditions
(see text) and divided by two [see text and
(12)]. The difference between the two profiles
implies a significant population of centimeter-
sized and smaller particles which are trans-
parent at the longer wavelength.

curve is determined from In(J — Ip),
where I is the observed intensity.

At the resolution of Fig. 1 we can be
quite certain about the structure of the
ringlet. The Maxwell gap is entirely emp-
ty to the precision of the measurements.
Upper limits on the average optical
depth for 20 km on either side of the
ringlet are 7 < 0.011 (UVS), v < 0.009
(PPS), and 7 < 0.01 (RSS; wavelength,
3.6 cm), while the optical depth in the
surrounding parts of the C ring is 0.05 to
0.10 (4, 11). At the inner and outer edges
of the ringlet the optical depth increases
to a significant level in the span of a few
hundred meters as observed by the PPS
instrument (not shown), implying that
these edges are sharp on the scale of 1
km in the PPS data. The central region of
the ringlet contains an optically thick
core about 15 km wide where the optical
depth reaches a value of about 1.5 at §
km resolution. This central core has two
minor peaks in optical depth shown by
both instruments. The actual sharpness
and relative depth of the peaks are not
well determined, however.

Additional information regarding the
structure of the ringlet comes from the
radio occultation of Voyager 1. As dis-
cussed below, the Maxwell ringlet does
not have constant width: at the location
of the radio observations its width was
~ 87 km, while at the time and location
of the stellar occultations it was ~ 57
km. To compare these observations we
assume that the ringlet is uniform, divide
the radio occultation distance scale by
the ratio of widths, and multiply the
radio opacity by the same amount (Fig.
2). The coherent detection of the radio
signal in the radio occultation is a signifi-
cant difference between the two mea-
surements (/2). We correct for this dif-

ference by providing two different verti-
cal scales in Fig. 2. In Fig. 2 we again see
the suggestion of the narrow double peak
in the central region of the radio data.
Similar structure is seen also in the 3.6-
cm results from the radio occultation
(not plotted). This is evidence that, al-
though the C ringlet changes in width, its
overall morphology is stable.

The adjustment of vertical scales in
Fig. 2 shows that the amount of ring
material needed to produce the observed
extinction is smaller at radio wave-
lengths. This difference implies that a
substantial proportion of particles must
be less than about 1 cm in radius (/3).
We estimate that about half of the cross-
sectional area of the rings is in particles
with typical radii less than 1 cm. To
further quantify this, we assume that the
particle size distribution is a power law
with index —3, with a maximum radius
of ~ 3 m (I4). To match both the PPS
and radio observations the smallest par-
ticles must be about 30 wm in radius. For
this distribution the number of particles
smaller than 1 cm exceeds the number
that are larger by a factor of 10°.

We now determine the shape and pre-
cession of this ringlet by comparison of
these data with Voyager images. Prior to
the occultation results, this ringlet was
found to vary in width in the sense that
the ring was narrower when closer to
Saturn (/), similar to the behavior of e
ring of Uranus (/5).

Lacking a comparably accurate dis-
tance scale for the Voyager images, we
measure relative distances from the in-
ner edge of the Maxwell gap. The ob-
served width of the ringlet ranges from
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Fig. 3. Rectified measurements of ringlet
shape. Three sets of points define the outer
edge of the gap (top), the outer edge of the
ringlet (central, with solid line), and the inner
edge of the ringlet (lower, with solid line).
The points have been rotated to Voyager 1
encounter epoch (/7). The least-squares fit
to the data gives the ringlet boundaries as
Pouter = (53 = 5)sin(b —85 = 12°) + 204 £ 5
(km) and pipper = (15 %= 5) sin(d —85 = 12°) +
135 £ 5 (km), where ¢ is the longitude from
the Voyager 1 subsolar point; solid curves are
the best-fit curves.
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about 38 km at its narrowest (several
Voyager 1 imaging frames) to a maxi-
mum of 88 km (radio occultation and
Voyager 2 imaging).

These measurements are corrected in
longitude to the epoch of Voyager 1.
Figure 3 shows all measurements, in-
cluding points for which an accurate
radial scale could not be determined,
which were scaled to a constant gap
width of 265 km (/6). The observations
were rotated to this epoch by using a
precession rate of 14.66° per day, which
was obtained by finding the least-squares
fit of the Voyager 2 data to a sine wave
initially fit to the Voyager 1 points, and
assuming that the true precession rate
was close to the theoretical rate of 14.68°
per day (/7) to resolve the multiple 27
ambiguity. It is clear from Fig. 3 that the
expected precession rate is a satisfactory
explanation of the data; if the precession
differed by more than =0.04° per day the
fit to a sine curve is poor. The least-
squares fit gives maximum and minimum
ringlet widths of 107 = 20 and 31 % 20
km, respectively. The full variations in
radius are 105 = 10 and 30 = 10 km for
the outer and inner ringlet edges, respec-
tively (18). We cannot rule out the possi-
bility that the outer edge of the ringlet
and the outer edge of the Maxwell gap
are in contact.

For the ringlet to maintain an overall
elliptical shape, some force must balance
the differential precession due to the
higher order moments of Saturn’s gravi-
tational field of orbits at different semi-
major axes. One proposal is that apse
alignment is maintained by self-gravity
(19). A consequence of this assumption
is that eccentricity should increase with
semimajor axis, which in turn implies
that the ringlet should be narrowest at
pericenter, as seen.

This balance then determines the ring
mass. We model the ring as N confocal,
equal-mass ellipses equally spaced at
quadrature in their orbits. We calculate
the precession rate of each segment as
the sum of an oblateness (J, Jy4, J¢) term
and a self-gravity term. The condition
that the precession rates of all segments
be equal yields a system of N equations
in which the unknowns are the total mass
of the ringlet, the value of the precession
rate, and the eccentricities of the N — 2
interior ringlets. The eccentricities of the
inner and outer boundary segments are
fixed at the observed values. This model
is clearly an approximation as the varia-
tion in optical depth across the ringlet
strongly suggests a variation in mass of
the individual segments.

This calculation gives a ring mass of
5 X 10'® g by extrapolating to an infinite
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number of equal mass segments. The
actual numerical computations had as
many as 81 segments. The assumed con-
stant opacity profile probably results in
an overestimate of the mass by about 10
percent, based on similar computations
for Uranus (/9). However, other physi-
cal effects, such as the presence of small
electrostatic potentials on the particles,
could markedly alter our mass estimate.
Note also that we ignore any gravitation-
al effect from ring material surrounding
the gap. This contribution should be
small.

A physical parameter of interest is the
ratio k of optical depth in the visible to
the surface mass density, referred to as
the specific opacity. An average of the
UVS and PPS occultation optical depth
over the ringlet is <> = 0.9, giving (for
width 57 km)

k=15 X 1072 cm%g )

This value is about five times larger than
that determined from a similar analysis
based on density waves in the B and A
rings and Cassini division (5, 8, 11, 20,
21). The higher value of the specific
opacity independently implies smaller
particles in this ringlet relative to the
other locations, in agreement with the
inference from Fig. 2. In fact, the size
distribution given above to explain the
differences in optical depth between ul-
traviolet and radio wavelengths (power
law with index —3; largest particle, 3 m;
smallest particle, 30 wm) predicts

k=3 x10"2cm?g )

The closeness of this calculated value to
the measured value (Eq. 1) shows quan-
titative agreement between the inferred
particle size distributions from these two
independent observations.

The ringlet in the Maxwell gap may
provide an analog for some of the rings
of Uranus. Like the €, o, and { rings, it is
eccentric, with focus at the planet’s cen-
ter of mass, and precessing; like the m
ring, it shows double-peaked structure.
However, an obvious difference is that
the double-peaked Uranian rings have
their peak opacity just at the edges.

Our conclusions concerning the eccen-
tric ringlet at 1.45 Rg are: (i) it lies in an
otherwise empty gap in the C ring ~ 265
km wide; (ii) its width varies between 31
and 107 km, yet maintains sharp edges
on the scale of 1 km; (iii) it has a double-
peaked central core 15 km wide, with
visual optical depth 1.5 to 2.0; (iv) the
ringlet particles have color and albedo
similar to those in the surrounding C
ring; (v) the ringlet precesses at the rate
expected due to the gravity field of Sat-
urn; (vi) it has a total mass of about

5 x 10'® g and a specific opacity of
5 X 1072 cm?g, significantly larger than
values obtained in other parts of the ring;
and (vii) consistent with this large specif-
ic opacity, more than half of the ring
cross section is due to particles in the
ringlet with radii less than 1 cm.
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Neuron-Glia Adhesion Is Inhibited by Antibodies to

Neural Determinants

Abstract. Suspensions of embryonic chick neuronal cells adhered to monolayers of
glial cells, but few neurons bound to control monolayers of fibroblastic cells from
meninges or skin. Neuronal cell-glial cell adhesion was inhibited by prior incubation
of the neurons with Fab' fragments of antibodies to neuronal membranes. In
contrast, antibodies to the neural cell adhesion molecule (N-CAM) did not inhibit the
binding. These results suggest that a specific adhesive mechanism between neurons
and glial cells exists and that it is mediated by CAM’s that differ from those so far

identified.

Interactions between neuronal and gli-
al cells are believed to be of fundamental
importance both in the development of
the nervous system and in the mechani-
cal and biochemical support of adult
neural tissue (/). Neurites migrate over
great distances by mechanisms that are
believed to be dependent on glial cells
for guidance and support (2), but the
mechanisms responsible for these phe-
nomena remain unknown. For example,
Miiller fibers in the retina and Bergmann
glial fibers in the cerebellum have a long
fibrous morphology spanning several cell
layers and are closely associated with
what appear to be migrating neurons (/).
The search for molecules that might me-
diate such neuronal-glial interactions re-
quires a specific assay, the development
of which is reported below.

Previous studies on cell adhesion have
concentrated mainly on homotypic cell
adhesion, that is, the binding between
similar or identical cells. For example,
cell aggregation studies (3) have resulted
in the isolation of distinct cell surface
glycoproteins of different specificities
called neural cell adhesion molecule (N-
CAM) and liver cell adhesion molecule
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(L-CAM); these molecules mediate, re-
spectively, homotypic adhesion between
neuronal cells and between liver cells
(4). The study of the molecular basis of
cell-cell adhesion between differing cell
types (heterotypic cell adhesion) cannot,
however, be accomplished unambig-
uously in vitro with an aggregation assay
but must rely on techniques in which
specifically identified cells of each type
interact in a pairwise manner (5-8).
Moreover, the methodology must ensure
that such interactions be potentially dis-
tinguishable at the molecular level from
homotypic interactions among cells of
each type.

The binding of cells in suspension to
cells in a monolayer has been used to
measure adhesion between homologous
and heterologous cell types (6, 8). In the
case of N-CAM in particular, both ho-
motypic (neuron-neuron) and heterotyp-
ic (neuron-myotube) forms of cell adhe-
sion have been observed; in both cases,
adhesion was specifically inhibited by
Fab’ fragments of antibodies to N-CAM
(4, 8). The relevance of such assays as
models for physiological cell-cell adhe-
sion has been demonstrated by a number

of studies on N-CAM adhesion in more
complicated experimental systems in-
cluding histogenesis of the retina, neuro-
nal fasciculation, and nerve-muscle ad-
hesion (8, 9). In our present study, we
have used such a heterotypic cell-cell
binding assay to investigate the initial
adhesion between neuronal and non-
neuronal cells, focusing particularly on
neuron-glia binding. Neuronal cells were
found to bind specifically to glial cells
and antibodies to neuronal cell surface
determinants inhibited neuron-glia adhe-
sion.

Single cell suspensions of neuronal
cells were prepared from embryonic
chick brain and retinal tissue in media
free of Ca>* and Mg®" ions. The major-
ity of these cells (85 to 90 percent) were
identified as neurons on the basis that
they contain N-CAM (4), a nerve-specif-
ic protein in cells from these chick tis-
sues (10). Flat nonneuronal cells were
purified from cell suspensions of neural
tissues by their ability to adhere prefer-
entially to collagen-coated substrates
(11). These flat cells were obtained in
culture free of neuronal cells, had a
morphology that was typical of glial cells
but different from fibroblasts (Fig. 1, a
and ¢) (7, /1), and were not recognized
by indirect immunofluorescence with the
use of either monoclonal or polyclonal
antibodies to N-CAM. Moreover, we
have raised a monoclonal antibody that
recognizes these flat cells in culture; it
did not stain neurons and fibroblasts,
and it stained astroglial-like cells in tis-
sue sections by indirect immunofluores-
cence (/2). These results strongly sup-
port the suggestion of others that the flat
nonneuronal cells obtained from brain by
similar procedures (/1) are astroglia. It
should be noted, however, that no com-
pletely satisfactory set of criteria is cur-
rently available for the recognition of
chick astroglia in culture.

The extent of binding of fluorescently
labeled neuronal cells in suspension to
monolayers of forebrain glial cells during
a 25-minute incubation period was much
greater than the rate of binding to mono-
layers of fibroblasts (Fig. 1). No signifi-
cant difference was detected in the adhe-
sive specificity of neurons from brain or
retina to monolayers of forebrain glia
(Table 1, upper part). Embryonic glial
cells from several parts of the central
nervous system bound neurons in signifi-
cant numbers. In contrast, other types of
cells in monolayers, including those from
the meninges, bound few cells. Neuronal
cell binding was routinely performed in
the absence of Ca®" and the level of
binding to glial cell monolayers was not
significantly higher in the presence of
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