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The 1978-79 season's program included further ra-
dar profiling of the brine layer structure within the
McMurdo Ice Shelf and the glacial ice/sea ice transition
in the Koettlitz Glacier ice tongue. The profiler was sim-
ilar to the instrument used in January 1974 (Kovacs and
Gow, 1975) and in January 1977 (Kovacs and Gow,
1977).

We were especially interested in reexamining the
prominent 4-meter step in the brine layer that we iden-
tified in the 1977 survey and in measuring changes in
the position of the inland boundary of brine percolation.

We discovered that the brine step had migrated about
800 meters since January 1977, equivalent to an average
advance of 1.1 meters per day. This showed that the
brine step is a dynamic feature, most probably the lead-
ing edge of a brine wave that originated at the ice front
during the most recent major breakout of the ice shelf
in McMurdo Sound. A resurvey of the markers deline-
ating the inland boundary of brine percolation indicated
little if any significant change in the position of the
boundary since it had been surveyed in 1977.

A major focus of the 1978-79 season's work was the
drilling of core holes at selected locations on the Mc-
Murdo Ice Shelf. Such drilling would enable us to obtain
core samples for examining the mechanisms of brine
infiltration and for determining the extent to which sea-
water is freeze-fractionated during infiltration through
permeable firn. Drilling was also required so that we
could determine why brine infiltration terminates where
it does, evaluate the effect of brine percolation on firn
structure, and measure ice shelf temperatures.

The first drill hole was located 9.5 kilometers from
the ice front at a point approximately 100 meters from
the inland boundary of the brine layer. This hole pen-
etrated the top of the brine layer at 50.35 meters and
cores were obtained down to a depth of 52.5 meters.
The bottom of the brine layer was not penetrated.

A second hole, located about 1.6 kilometers in front
of the first hole (7.9 kilometers from the ice front) pen-
etrated brine-soaked firn at 33.7 meters. Cores were ob-
tained down to a depth of 37.7 meters, but the bottom
of the brine layer was not penetrated.

The third hole was drilled close to the leading edge
of the brine step, located about 3.7 kilometers from the
ice front. Brine was encountered at 19.5 meters depth
and drilling was continued to 21 meters, but without
penetrating the bottom of the brine layer.

Two additional cores were obtained by hand drilling
near the ice front. Brine-soaked firn was encountered
at a depth of 8.2 meters in the first hole, located about
1,100 meters from the ice front. The second hole, situ-
ated within a few meters of the ice front, penetrated

brine-soaked firn at 1.5 meters. A core from the bottom
of this hole contained freshly accreted crystals of sea ice.

Studies performed on these cores at McMurdo Sound
included preliminary measurements of density profiles,
salinity measurements on brine-soaked samples, and
thin-section studies of snow/ice structure on samples
from directly above and within the brine-soaked layer.

Much interesting information was obtained, including
the discovery that the top of the brine layer at the hole
located within 100 meters of the inland boundary of
brine penetration was situated 4-5 meters below the firnl
ice transition (about 45 meters). It would appear, there-
fore, that the location of the inland boundary of brine
infiltration is controlled by the depth at which brine en-
counters the firn/ice transition, which by definition cor-
responds to the depth of zero permeability. Ice contain-
ing liquid brine in sealed pores and in localized permeable
layers is now being carried downward and densified by
continued accumulation of snow on the ice shelf surface.
However, at all other drill sites, the top of the brine layer
was located entirely in permeable firn.

The structure of the brine layer near its inland bound-
ary is characterized by a series of descending steps.
These steps are believed to represent terminal positions
of several separate "waves" of brine infiltration similar
in origin to the one that our radar profiler has detected
advancing through the ice shelf at an average rate of 1.1
meter per day. Taking the observations together, it
would appear that brine infiltration within the Mc
Murdo Ice Shelf is dominated by episodic, wave-like in-
trusions of seawater triggered by periodic breakouts of
the ice front in McMurdo Sound.

Thin-section studies of cores revealed no significant
difference in structure between brine-free ice and ice
containing brine-filled pores. Unfortunately, a fuller in-
vestigation of the brine pore/crystal structure relation-
ships was abruptly terminated when all our thin sections
and a large number of selected samples set aside for
additional structure studies were lost during an acciden-
tal defrosting of the cold storage room at McMurdo
Sound. Some of this loss was offset by drilling an addi-
tional core hole 60 meters deep near the inland bound-
ary of the brine layer. These new cores and all remaining
cores were returned to our laboratory for additional
studies.

Analysis of brine composition, currently in progress,
indicates that freeze-fractionation of seawater as it infil-
trates the fIrn preferentially precipitates sodium sul-
phate. The concomitant removal of water by freezing
within the pore space between the firn grains leads ul-
timately to the formation of brine that is six to seven
times more concentrated than the original seawater.

Our studies of the Koettlitz Glacier ice tongue were
concerned principally with radar profiling of the glacial
ice/sea ice transition for several kilometers up-glacier
from a point where the contact between the two ice types
is clearly exposed at the surface. The radar survey
showed that this contact surface, formed by the accretion
of sea ice to the underside of the glacial ice tongue,
possesses highly irregular form. It also appears that the
enhanced valley-and-ridge topography so characteristic
of the region where the contact is broadly exposed is
itself controlled in part by preferential ablation of the
sea ice component along the exposed contact.
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Radar profiling of the ice tongue was supplemented
by core drilling in the immediate vicinity of the glacial
ice/sea ice contact. Onsite investigations of these cores,
together with preliminary studies of crystal structure at
McMurdo Station, indicate that the bulk of the ice ac-
creting to the bottom of the ice tongue is derived from
the freezing of normal seawater. However, structural
features of some cores suggest that brackish water
formed from the mixing of glacial melt and seawater
also may be contributing to bottom ice accretion. Studies
of the crystalline structure, chemistry, and stable isotope
contents of selected ice tongue cores are continuing at
our laboratory.
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team for drilling our core holes in the McMurdo Ice
Shelf. Our thanks also go to Thomas L. Fenwick, who
assisted us with field measurements, and James Cragin
of the U. S. Army Cold Regions Research and Engi-
neering Laboratory for performing chemical analyses on
core samples.
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The objectives of our research include an understand-
ing of (1) the nitrogenous chemical content of snow and
ice of different age and from different geographic lo-
cations, (2) their concentration ranges, periodic, and
nonperiodic fluctuations, and (3) the sources and mech-
anisms which bring about these striking differences.
Much data have been discussed since our initial discov-
ery of fluctuations in the concentration of NO 3- (nitrate)
and NH4 + (ammonium) ions in a South Pole firn core
(Parker et al., 1977, 1978a, 1978b, 1978c; Zeller and
Parker 1979).

Our progress to date is summarized in table 1, which
also shows ice and snow recently transferred to the new
snow and ice storage facility at Virginia Polytechnic and
State University. Our research is still predominantly in
the analysis and data-collecting phase and must remain
so for at least another year. When sufficient data have
been obtained, more sophisticated computer programs
will be developed at the University of Kansas for a more
thorough interpretation and testing of potential sources
and/or mechanisms for generating the nitrogenous con-
tent of ice and snow.

Table 2 lists possible origins for the observed NO3-
and NH4 + ion concentrations we find in Antarctic snow,
firn, and ice. Some of these are speculative, but we have
begun to design our research program to test these ideas
so that eventually one or more possible origins can be
ruled out.

In conclusion, short-term and long-term fluctuations
in NO3- and NH4 are apparent not only in South Pole
snow and firn, but in snow and pits from several loca-
tions in Antarctica and in dome C firn core material.
Mean values and ranges differ from one location to the
next. Furthermore, winter and summer snows show
variations in NO3-, suggesting a seasonal fallout or con-
centration of NO3-. When more thoroughly investigated
and interpreted, we hope these new data will generate
a better assessment of certain mechanisms or sources.

In January 1978, 11 pieces of an ice core from a deep
drilling at Vostok Station were supplied to us by A. T.
Wilson and D. M. Andersen. They obtained them from
Soviet scientists on visits to Vostok Station during the
1977-78 field season. Preliminary analyses for NO3
and NH4 were performed at McMurdo Station by K.
L. Harrower in January, 1978. The exceptionally high
values of 528 j.i.g/liter of NO 3 -N was mentioned in our
1978 progress report (Parker et al., 1978). Subse-
quently, Wilson et al. (1978) reported all of the analyt-
ical data for NO3 -N and NH4 -N from 10 of the 11
core sections. They call special attention to the high
value of 528 pg/liter of NO3- - N at a depth of 170 me-
ters which they dated at 4,600 years before the present
(BP) by their newly developed "chemical method of ac-
curately dating polar ice cores."

We have reexamined the remaining portions of the
10 core sections and the one additional section from a
depth of 543.3 m. In all cases, the core sections were
sawed into 3 cm thick segments which were in turn
trimmed by a hot wire saw to remove the outer approx-
imately 1.5 cm of ice. A total of 37 individual segments
were analyzed from the original 10 core sections. The
eleventh section was cut with a hot wire saw to provide
two concentric annuli and a central cylinder in order to
determine the extent to which any surface contamina -
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