EPSPs in layers III and IV and those in layer
IT represent mono- and polysynaptic trans-
missions, respectively. A similar relation was
found in IPSPs of layer II to IV cells, but
with a greater slope (4.2 *+ 0.7 s per meter)
and central delay (2.7 = 1.4 ms), suggest-
ing the polysynaptic nature of IPSPs. Be-
sides the orthodromic responses, LGN stim-
ulation produced antidromic spikes in about
one-third of the infragranular layer cells
(Fig. 2F).

The results of the intracellular responses
were in agreement with those reported for
adult VC (2) and LGN-VC transplant prep-
arations (5), except that conduction velocity
of the LGN axons was much slower (2, 18).

In summary, morphological and electro-
physiological studies indicate that neural
connections are mutually established be-
tween the cocultured LGN and VC, preserv-
ing laminar organization of afferent and
efferent, and excitatory and inhibitory con-
nectivity. Our findings indicate the existence
of intrinsic mechanisms yielding appropriate
axonal extension and synapse formation in
LGN and VC.
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Technical Comments

Ultraviolet Levels Under Sea Ice During the

Antarctic Spring

J. E. Frederick and H. E. Snell report (1)
that the extended period of summertime
ultraviolet (UV) radiation levels in the Ant-
arctic during the period of ozone depletion
may be harmful to indigenous life forms. It
was pointed out that since the local life
forms may have developed only the mini-
mum defenses necessary to tolerate the UV
levels in which they evolved, it is reasonable
to consider the fractional increase in the
local yearly dose as a measure of potential
damage. It is therefore alarming that the
presented estimates of the UV radiance dur-
ing October and November at McMurdo
Sound were as large as those in mid-sum-
mer.

The purpose of this comment is to point
out that the spring UV enhancement will be
exaggerated under the vast sea ice cover
surrounding Antarctica, an environment
rich in life. This conclusion follows from
experiments (2-5) which clearly show that
the ice is less turbid in early spring than later
in the season. The increased turbidity in late
spring results from the growth of weakly
scattering brine inclusions as the ice warms
and from the strongly scattering air channels
left near the surface as brine drains into the
bulk of the ice (4). To date, transmission
measurements have been made only in the
visible part of the spectrum, but modeling of
the diffusive transport of light through sea
ice (3, 5) permits extrapolation into the UV,

Fig. 1. A plot of the temporal development of the
UV radiance at 305 nm under sea ice normalized
to the surface radiance on 21 December (1). The
lower curve (A) is for an unperturbed ozone layer
assuming 315 Dobson units (DU). The upper
curve (O) demonstrates the 20-fold increase in
UV transmission during the presence of the
ozone hole, assuming a changing ozone atmo-
sphere, that is, 110 DU (5 October), 250 DU (5
November), and 315 DU (21 December) (7).
The error bars on the point for 21 December
cover the two turbidity limits discussed in the
text. The error bars on the other points result
from variations we have encountered in sea ice
transmission.

relying only on the UV absorption coeffi-
cient of pure ice. This coefficient is not
accurately known, but estimates based on
measurements on water (6) suggest a value
of about 0.2 m™" at 300 nm. For an absorp-
tion coefficient in this range, we have found
that the radiance transmitted through the ice
falls from ~0.75% in early November to
~0.25% 3 weceks later. As a guide to evalu-
ating the transmission beyond this period,
we note that the measured (8) under-ice
solar radiance in early October implies a 5%
transmission at a wavelength (620 nm) for
which the absorption coefficient is 0.2 m ™.
To estimate transmission of the ice after 20
November, we consider two limits: (i) there
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is no further turbidity development and (ii)
the observed order of magnitude change in
turbidity of early spring is reproduced. It is
found that the springtime-enhanced UV
dose under the ice is independent of these
limits.

Using the data developed above, we have
calculated the temporal development of UV
radiation at 305 nm transmitted through sea
ice without a snow cover. Two cases are
illustrated in Fig. 1. The lower curve shows
the decrease in transmitted UV light that
accompanies the increase in ice turbidity
associated with the springtime warming.
The upper curve was generated assuming
the changing atmospheric ozone content
calculated in (7). Thus, Fig. 1 demonstrates
a 20-fold increase in under-ice UV radiance
in early October resulting from the coinci-
dence of the presence of the ozone hole and
the period of relatively high transparency for
sea ice. This clearly has implications for
organisms living within and under the ice.
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Response: The response of organisms to
enhanced levels of ultraviolet radiation de-
pends on numerous factors, only one of
which involves atmospheric radiative trans-
fer. Trodahl and Buckley make the very
important point that the transmission of
Antarctic ice decreases as spring progresses.
Since the “ozone hole” is primarily a phe-
nomenon of early spring, this suggests that
potential biological effects of the ozone de-
pletion may be larger than otherwise antici-
pated. Trodahl and Buckley show that the
“hole” of October 1987 was accompanied
by an increase in radiation dose beneath the
ice by a factor of 20 as compared with that
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in years before the appearance of the ozone
depletion. Despite the percentage increase
in irradiance beneath the ice, the absolute
radiation level is still small, since the albedo
of ice remains large. The change in ice
transmission over time is cause for concern,
although a central issue involves a compari-
son between the radiation doses and radia-

tion tolerances of organisms beneath the ice.
This topic clearly merits additional research.
JouN E. FREDERICK
Department of the Geophysical Sciences,
University of Chicago,
5734 South Ellis Avenue,
Chicago, IL 60637
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Ice Volcanism on Ariel

The report “Solid-state ice volcanism on
the satellites of Uranus” by David G. Jan-
kowski and Steven W. Squyres (1) proposes
a nove] emplacement mechanism for surface
“lava” flows on Ariel and Miranda (on Ariel
the “lava” is almost certainly a mixture of
water and ammonia with perhaps additional
components). Whereas terrestrial lava flows
are a mixture of liquid and solids (crystals),
Jankowski and Squyres propose that the
flows on the Uranian satellites were entirely
crystalline during emplacement. Existing
models of lava flows are capable of account-
ing for the parabolic cross sections measured
by Jankowski and Squyres. It is thus incum-
bent on the authors to demonstrate that
their novel mechanism is really required.

For the past 20 years it has been clear to
volcanologists working on terrestrial lava
flows (2) that flowing lava behaves, not as a
viscous fluid, but as a “Bingham” fluid with
a well-defined yield stress. A Bingham fluid
is one that responds elastically to applied
shear stresses until the stresses exceed its
yield strength, after which it flows as a
viscous fluid. Bingham rheology character-
izes a wide class of mixtures of liquids with
solid particles, such as suspensions of clay in
water, pigments in oil (paint), rock debris in
mud, and crystals in melted rock (lava).
Studies of lava flows on Mount Etna, Ha-
waii, and the moon (2) support the idea that
erupted lava is a Bingham fluid with a 5yield
stress ranging from about 10° to 10° Pa,
depending on silica content. The most char-
acteristic aspect of such flows is the approxi-
mately parabolic profile of their margins
(with suitable corrections when slopes ex-
ceed the angle of repose), which can be
directly related to the Bingham yield
strength, Yg. A formula valid for the profiles
of lava flows, ice sheets, and debris flow
lobes (all of which can be treated approxi-
mately as Bingham substances) relates the
thickness of the flow’s center kg to its hori-
zontal width w:

2
Yy = Pﬁ/ho

where p is the density of the flow and g is the

planet’s surface acceleration of gravity (0.27
m/s? for Ariel).

Jankowski and Squyres use photocli-
nometry to measure the profiles of five
probable “lava” flows on Ariel. As they
show, these profiles can be adequately fit by
parabolas (except, of course, where the slope
of the parabola becomes too steep—mass
movement and regolith processes act to
gently taper the flow’s edges). They then
propose a model that treats the extruded
material as a Newtonian viscous fluid
spreading from a central vent until cooling
raises the viscosity past the point where flow
is possible. They show that this model pre-
dicts parabolic flow profiles as long as the
“lava” is moving. They then assume that the
profile of the flow does not change as it
cools and stiffens and derive a viscosity from
the distance the flow has traveled within the
cooling time (estimated from flow thickness
and the thermal diffusivity of water ice).

A much more natural explanation of the
morphology of Ariel’s “lava” flows is that
the extruded material is a mixture of liquid
and crystals and that the parabolic profiles
are an expression of the Bingham yield
strength of the mixture at the time of solidi-
fication. All information about the rheology
during extrusion and flow is lost during
solidification and cannot be recovered with-
out additional information. In Table 1 we
have used the parabolic fits of Jankowski
and Squyres and the equation above to
deduce the yield strength of the flow materi-
al. These yield strengths vary from 6.7 X
10° Pa to 3.7 x 10* Pa, right in the
midrange of terrestrial lavas. We do not

Table 1. Viscosities from (1) and Bingham yield
stresses inferred from profiles in (1, figure 5).

Bingham

Viscosil ield

Profile (Pa-s)ty sytress

(Pa)
A 4.5 x 10" 3.7 x 10*
B 3.5 x 10"% 3.1 x 10*
C 9.0 x 10™ 1.4 x 10*
D top 1.1 x 10" 1.4 x 10*
D bottom 9.0 x 10™ 6.7 x 10°
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