
region requires the analysis of surface cores and associated
pit and stake measurements of accumulation. If the depth of
the 1955 layer (pre-IGY) resulting from the 1954 Castle
atomic bomb test (yield: 36 megatons) could definitely be
established by gross beta activity analysis of the top portion
of the South Pole core, it would help us set a fixed date from
which to count particle concentration layers.

Assuming that our chronology is reasonably accurate, the
figure illustrates a marked increase in the 1-meter particle
concentration averages (C) for the period between 1530 and
1810 AD., which corresponds to the late Holocene Little
Ice Age. The C value for the 22- to 46-meter segment is
32075 and that for the 13- to 22-meters section (1810 to 1900
A.D.) is 15209. Thus the Little Ice Age firn is 2.1 times dir-
tier than the firn immediately postdating that period. The
greatest increase in C is 66800 for the 23- to 24-meter seg-
ment, and this represents a greater than three-fold increase
over the C value of 22060 for the 3- to 22-meter section. An
error of up to 10 percent or ± 1 year out of each 10 years,
would not change our general conclusion that atmospheric
turbidity at the South Pole was greatly increased during this
most widely documented Neoglacial stade.

This research was supported by National Science Founda-
tion grant DPP 76-07745.
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1975; Kovacs and Gow, 1975; and Paren and Robin, 1975).
However, because of sounding system limitations, reflective
layers have not been detectable within the first 5 meters of
snow depth. In January 1977 an impulse radar system was
used to profile the shape and lateral extent of the brine layer
in the McMurdo Ice Shelf (Kovacs and Gow, 1977). A small
antenna (13 by 23 by 35 centimeters) was also used to deter-
mine if reflective layers could be detected in the upper 5
meters of snow. The radiated impulse center frequency was
625 megahertz with an estimated frequency spectrum of 375
and 875 at the - 3 decibel points.

The antenna was first supported 60 centimeters above a
sheet of aluminum foil. A recording of the two-way travel
time (t) of the radiated impulse from the antenna to the foil
and back was made on an FM magnetic tape recorder. An
individual impulse was later played back onto an X-Y plot
(figure 1). Since the velocity of a radar impulse in air (c) is
3 x 108 meters per second and the distance between the
antenna and aluminum foil was 60 centimeters, the two-way
travel time of the impulse from the antenna to the foil and
back was 4 nanoseconds. The distance between the peak of
the transmit impulse and its reflected peak from the
aluminum foil shown on the X-Y plot in figure 1 is therefore
4 nanoseconds.

The antenna was then supported 60 centimeters above the
snow surface (surface - 15°C). An X-Y plot of the impulse
travel time from the antenna to the snow surface and back is
shown in figure 1. The amplitude of the reflected signal
from the snow surface and the amplitude of the reflected
signal from the aluminum foil were then compared to deter-
mine the snow surface reflection coefficient and dielectric
constant. Since aluminum foil is a perfect reflector, the
amplitude of the reflected radar impulse from this surface
equals a reflection coefficient (pt-) of - 1. The reflected im-
pulse amplitude from the snow surface is 14.8 percent of
that from the aluminum foil. The reflection coefficient of
the snow surface (Ps) is therefore - 0.148. The dielectric
constant (Er) of snow was then determined to be 1.81, from:

I 1—es
€r = 1-

I+p 
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Dielectric constant and reflection
coefficient of the snow surface

and near-surface internal layers in
the McMurdo Ice Shelf

AUSTIN KOVACS and ANTHONYJ. Gow
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Radio and radar echo sounding of the Greenland and
antarctic ice sheets has revealed internal dielectric discon-
tinuous horizons called reflective or internal layers (e.g.,
Harrison, 1973; Elachi and Brown, 1975; Gudmandsen,

E

Time

Figure 1. Radar impulse signal reflected from aluminum
foil and snow surface.
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A 1.7-centimeter-thick slab of the wind-packed snow surface
was found to have a specific gravity of 0.419. This specific
gravity versus dielectric constant is in agreement with Cum-
ming's (1952) findings but not with Gudmandsen's (1971),
which indicate a specific gravity of 0.406 at a dielectric con-
stant of 1.81.

Following the above measurements, the antenna was
pulled along the snow surface for a distance of 10 meters.
The graphic record of transceived radar impulse informa-
tion collected on this traverse is shown in figure 2. In the
record three distinct reflection layers are apparent. The nar-
row time banding on the record at layer 2 indicates high fre-
quency reflection from a 'thin or low" dielectric discontinui-
ty while the wide band at horizon 3 indicates low frequency
reflection from a "thick or higher" dielectric discontinuity.
Unfortunately, the thickness and structure of these layers
were not determined for lack of coring equipment.

The X-Y plot of the two-way travel time of the radar im-
pulse in the snow at the north side of the profile is shown in
figure 2. Using the time scale determined from the earlier
calibration, the two-way travel time (t) to the three internal
layers a, b and c was determined to be 8.2, 12.3, and 15.4
nanoseconds. Assuming an effective dielectric constant of
1.8 for the snow, the effective velocity (Ve) of the radar im-
pulse in the snow was calculated to be 0.226 meter per
nanosecond from:

D= V -e2

The depth (d) to layers a, b and c was then determined to be
0. 85, 1.40, and 1.74 meters from:

V

This pilot study has revealed that layers of dielectric
discontinuity can be detected at shallow depths in polar
snow. Information on the composition or structure of inter-
nal layers was not obtained, but the shallow depth at which
they were detected suggests that they represent density varia-
tions in the snow, perhaps associated with summer melt
features less than 5 millimeters thick. A density variation is
also suggested by Keliher and Ackley (1976), who have ex-
plored theoretically conditions that could cause dielectric
discontinuities in polar snow and ice.

This study was supported by National Science Foundation
interagency agreement DPP 74-23654. The field assistance of
Thomas L. Fenwick is greatfully acknowledged as is the data
reduction assistance of Anne H. Kennedy and the consulta-
tion of Rexford Morey, all with Geophysical Survey Systems,
Inc.
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Antarctic pack ice cover
variations
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Figure 2. Graphic record of impulse radar profile informa
tion obtained on short traverse on the snow of the McMurdo
Ice Shelf. On right of the graphic record is a representative

radar transceive impulse.
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Pack ice in the Southern Hemisphere in 1971-1973
dissipated later in the year and covered a larger area than
between 1974-1976 and probably also between 1966-1970.
The variation was generally in phase with fluctuations of
snow cover in the Northern Hemisphere.

This is a tentative result of our investigation of the
seasonal and year-to-year variation of snow and pack ice
fields in both hemispheres. The purpose of the study is to
quantify the information contained in National Oceanic
and Atmospheric Administration and Navy snow and sea-
ice charts and generate time related indices reflecting the
impact of snow and ice cover on climate. The present report
deals only with the Southern Hemisphere.

Sea ice around Antarctica is now routinely charted in
weekly intervals by the Fleet Weather Facility of the U.S.
Navy. Polar stereographic charts, in a scale of 1:18,000,000,
show several categories of sea ice concentration in octas. The
maps are prepared from visual interpretation of visible, in-
frared, and microwave satellite images, extensively cross
checked by ship and aircraft reports. They are available for
the 1971-1972 antarctic summer season and continuously
from December 1972 onwards.

The ice extent in selected seasons of the 1966-1972 period
was studied by Streten (1973) and Sissala et al. (1972). We
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